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EXPRESSION PROFILE OF PROSTATE CANCER

This application claims priority to U.S. Patent application, serial number not yet
assigned, filed with express mail label EV092300383US on 8/01/02, U.S. Provisional
Application Serial no. 60/309,581 filed 8/02/01 and U.S. Provisional Application Serial
no. 60/334,468 filed 11/15/01. This invention was made with government support under
Grant No. 5 P50 CA69568 awarded by the National Institutes of Health. The

Government has certain rights in the invention.

FIELD OF THE INVENTION

The present invention relates to compositions and methods for cancer diagnostics,
including but not limited to, cancer markers. In particular, the present invention provides
gene expression profiles associated with prostate cancers. The present invention further
provides novel markers useful for the diagnosis, characterization, and treatment of

prostate cancers.

BACKGROUND OF THE INVENTION

Afflicting one out of nine men over age 65, prostate cancer (PCA) is a leading
cause of male cancer-related death, second only to lung cancer (Abate-Shen and Shen,
Genes Dev 14:2410 [2000]; Ruijter et al., Endocr Rev, 20:22 [1999]). The American
Cancer Society estimates that about 184,500 American men will be diagnosed with
prostate cancer and 39,200 will die in 2001.

Prostate cancer is typically diagnosed with a digital rectal exam and/or prostate
specific antigen (PSA) screening. An elevated serum PSA level can indicate the presence
of PCA. PSA is used as a marker for prostate cancer because it is secreted only by
prostate cells. A healthy prostate will produce a stable amount -- typically below 4
nanograms per milliliter, or a 1;SA reading of "4" or less -- whereas cancer cells produce
escalating amounts that correspond with the severity of the cancer. A level between 4

and 10 may raise a doctor's suspicion that a patient has prostate cancer, while amounts

-above 50 may show that the tumor has spread elsewhere in the body.

When PSA or digital tests indicate a strong likelihood that cancer is present, a

transrectal] ultrasound (TRUS) is used to map the prostate and show any suspicious areas.
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Biopsies of various sectors of the prostate are used to determine if prostate cancer is
present. Treatment options depend on the stage of the cancer. Men with a 10-year life
expectancy or less who have a low Gleason number and whose tumor has not spread
beyond the prostate are often treated with watchful waiting (no treatment). Treatment
options for more aggressive cancers include surgical treatments such as radical
prostatectomy (RP), in which the prostate is completely removed (with or without nerve
sparing techniques) and radiation, applied through an external beam that directs the dose
to the prostate from outside the body or via low-dose radioactive seeds that are implanted
within the prostate to kill cancer cells locally. Anti-androgen hormone therapy is also
used, alone or in conjunction with surgery or radiation. Hormone therapy uses
luteinizing hormone-releasing hormones (LH-RH) analogs, which block the pituitary
from producing hormones that stimulate testosterone production. Patients must have
injections of LH-RH analogs for the rest of their lives.

While surgical and hormonal treatments are often effective for localized PCA,
advanced disease remains essentially incurable. Androgen ablation is the most common
therapy for advanced PCA, leading to massive apoptosis of androgen-dependent
malignant cells and temporary tumor regression. In most cases, however, the tumor
reemerges with a vengeance and can proliferate independent of androgen signals.

The advent of prostate specific antigen (PSA) screening has led to earlier
detection of PCA and significantly reduced PCA-associated fatalities. However, the
impact of PSA screening on cancer-specific mortality is still unknown pending the results
of prospective randomized screening studies (Etzioni ef al., J. Natl. Cancer Inst., 91:1033
[1999]; Maattanen ef al., Br. J. Cancer 79:1210 [1999]; Schroder et al., J. Natl. Cancer
Inst., 90:1817 [1998]). A major limitation of the serum PSA test is a lack of prostate
cancer sensitivity and specificity especially in the intermediate range of PSA detection
(4-10 ng/ml). Elevated serum PSA levels are often detected in patients with non-
malignant conditions such as benign prostatic hyperplasia (BPH) and prostatitis, and
provide little information about the aggressiveness of the cancer detected. Coincident
with increased serum PSA testing, there has been a dramatic increase in the number of
prostate needle biopsies performed (Jacobsen ef al., JAMA 274:1445 [1995]). This has

resulted in a surge of equivocal prostate needle biopsies (Epstein and Potter J. Urol.,
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166:402 [2001]). Thus, development of additional serum and tissue biomarkers to

supplement PSA screening is needed.

SUMMARY OF THE INVENTION

The present invention relates to compesitions and methods for cancer diagnostics,
including but not limited to, cancer markers. In particular, the present invention provides
gene expression profiles associated with prostate cancers. The present invention further
provides novel markers useful for the diagnosis, characterization, and treatment of
prostate cancers.

In some embodiments, the present invention provides a method for characterizing
prostate tissue in a subject, comprising: providing a prostate tissue sample from a subject;
and detecting the presence or absence of expression of hepsin in the sample, thereby
characterizing the prostate tissue sample. In some embodiments, detecting the presence
of expression of hepsin comprises detecting the presence of hepsin mRNA. In other
embodiments, detecting the presence of expression of hepsin mRNA comprises exposing
the hepsin mRNA to a nucleic acid probe complementary to the hepsin mRNA. In yet
other embodiments, detecting the presence of expression of hepsin comprises detecting
the presence of a hepsin polypeptide. In some embodiments, detecting the presence of a
hepsin polypeptide comprises exposing the hepsin polypeptide to an antibody specific to
the hepsin polypeptide and detecting the binding of the antibody to the hepsin
polypeptide. In some embodiments, the subject comprises a human subject. In some
embodiments, the sample comprises tumor tissue. In some embodiments, the tumor
tissue sample is a post-surgical tumor tissue sample and the method further comprises the
step of ¢) identifying a risk of prostate specific antigen failure based on detecting the
presence or absence of expression of hepsin. In some embodiments, characterizing
prostate tissue comprises identifying a stage of prostate cancer in the tissue. In some
embodiments, the stage includes but is not limited to, high-grade prostatic intraepithelial
neoplasia, benign prostatic hyperplasia, prostate carcinoma, and metastatic prostate
carcinoma. In some embodiments, the method further comprising the step of ¢)

providing a prognosis to the subject. In some embodiments, the prognosis comprises a



10

15

20

25

30

WO 03/012067 PCT/US02/24567

risk of developing prostate specific antigen failure. In other embodiments, the prognosis
comprises a risk of developing prostate cancer.

The present invention also provides a method for characterizing prostate tissue in
a subject, comprising: providing a prostate tissue sample from a subject; and detecting the
presence or absence of expression of pim-1 in the sample, thereby characterizing the
prostate tissue sample. In some embodiments, detecting the presence of expression of
pim-1 comprises detecting the presence of pim-1 mRNA. In other embodiments,
detecting the presence of expression of pim-1 mRNA comprises exposing the pim-1
mRNA to a nucleic acid probe complementary to the pim-1 mRNA. In yet other
embodiments, detecting the presence of expression of pim-1 comprises detecting the
presence of a pim-1 polypeptide. In some embodiments, detecting the presence of a pim-
1 polypeptide comprises exposing the pim-1 polypeptide to an antibody specific to the
pim-1 polypeptide and detecting the binding of the antibody to the pim-1 polypeptide. In
some embodiments, the subject comprises a human subject. In some embodiments, the
sample comprises tumor tissue. In some embodiments, the tumor tissue sample is a post-
surgical tumor tissue sample and the method further comprises the step of c) identifying a
risk of prostate specific antigen failure based on detecting the presence or absence of
expression of pim-1. In some embodiments, characterizing prostate tissue comprises
identifying a stage of prostate cancer in the tissue. In some embodiments, the stage
includes but is not limited to, high-grade prostatic intraepithelial neoplasia, benign
prostatic hyperplasia, prostate carcinoma, and metastatic prostate carcinoma. In some
embodiments, the method further comprising the step of c) providing a prognosis to the
subject. In some embodiments, the prognosis comprises a risk of developing prostate
specific antigen failure. In other embodiments, the prognosis comprises a risk of
developing prostate cancet.

The present invention further provides a method for characterizing prostate tissue
in a subject, comprising: providing a prostate tissue sample; and detecting a decreased or
increased expression relative to a non-cancerous prostate tissue control of two or more
markers selected from the group consisting of HEPSIN, FKBP5, FASN, FOLH],
TNFSF10, PCM1, S100A11, IGFBP3, SLUG, GSTM3, IL1R2, ITGB4, CCND2,
EDNRB, APP, THROMBOSPONDIN 1, ANNEXIN Al, EPHA1, NCK1, MAPK®,
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SGK, HEVIN, MEIS2, MYLK, FZD7, CAVEOLIN 2, TACC1, ARHB, PSG9, GSTMI,
KERATIN 5, TIMP2, GELSOLIN, ITM2C, GSTMS, VINCULIN, FHL1, GSTP1,
MEIS1, ETS2, PPP2CB, CATHEPSIN B, COL1A2, RIG, VIMENTIN, MOESIN,
MCAM, FIBRONECTIN 1, NBL1, ANNEXIN A4, ANEXIN All, ILIR1, IGFBPS,
CYSTATIN C, COL15A1, ADAMTS]1, SKI, EGR1, FOSB, CFLAR, JUN, YWHAB,
NRAS, C7, SCYA2, ITGA1, LUMICAN, C1S, C4BPA, COL3A1, FAT, MMECD10,
CLUSTERIN, PLA2G2A, thereby characterizing the prostate tissue sample. In some
embodiments, the detecting comprises detecting three or more markers. In other
embodiments, the detecting comprises detecting five or more markers. In still further
embodiments, the detecting comprises detecting ten or more markers.

The present invention additionally provides a method for characterizing prostate
cancer in a subject, comprising: providing a tumor sample from a subject diagnosed with
prostate cancer; and detecting decreased expression relative to a non-cancerous prostate
tissue control of two or more cancer markers selected from the group consisting of
IGFBP5, MADH4, NBL1, SEPP1, RAB2, FAT, PP1CB, MPDZ, PRKCL2, ATF2,
RABS5A, and Cathepsin H, wherein decreased expression is diagnostic of metastatic
prostate cancer. In some embodiments, the detecting comprises detecting three or more
markers. In other embodiments, the detecting comprises detecting five or more markers.
In still further embodiments, the detecting comprises detecting ten or more markers.

The present invention further provides a method for characterizing prostate cancer
in a subject, comprising providing a tumor sample from a subject diagnosed with prostate
cancer; and detecting increased expression relative to a non-cancerous prostate tissue of
two or more cancer markers selected from the group consisting of CTBP1, MAP3K10,
TBXA2R, MTA1, RAP2, TRAP1, TFCP2, E2-EPF, UBCH10, TASTIN, EZH2, FL.S353,
MYBL2, LIMK 1, TRAF4, wherein increased expression is diagnostic of metastatic
prostate cancer. In some embodiments, the detecting comprises detecting three or more
markers. In other embodiments, the detecting comprises detecting five or more markers.
In still further embodiments, the detecting comprises detecting ten or more markers.

In some embodiments, the present invention provides a kit for characterizing
prostate cancer in a subject, comprising: a reagent capable of specifically detecting the

presence of absence of expression of hepsin; and instructions for using the kit for
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characterizing cancer in the subject. In some embodiments, the reagent comprises a
nucleic acid probe complementary to a hepsin mRNA. In other embodiments, the reagent
comprises an antibody that specifically binds to a hepsin polypeptide. In some
embodiments, the instructions comprise instructions required by the United States Food
and Drug Administration for use in in vitro diagnostic products.

In other embodiments, the present invention provides a kit for characterizing
prostate cancer in a subject, comprising: a reagent capable of specifically detecting the
presence of absence of expression of pim-1; and instructions for using the kit for
characterizing cancer in the subject. In some embodiments, the reagent comprises a
nucleic acid probe complementary to a pim-1 mRNA. In other embodiments, the reagent
comprises an antibody that specifically binds to a pim-1 polypeptide. In some
embodiments, the instructions comprise instructions required by the United States Food
and Drug Administration for use in in vitro diagnostic products.

In still further embodiments, the present invention provides a kit for
characterizing prostate cancer in a subject, comprising: two or more reagents capable of
specifically detecting expression levels of two or more markers selected from the group
consisting of FKBP5, FASN, FOLH1, TNFSF10, PCM1, S100A11, IGFBP3, SLUG,
GSTM3, ATF2, RABSA, IL1R2, ITGB4, CCND2, EDNRB, APP,
THROMBOSPONDIN 1, ANNEXIN Al, EPHA1, NCK1, MAPK6, SGK, HEVIN,
MEIS2, MYLK, FZD7, CAVEOLIN 2, TACC1, ARHB, PSG9, GSTM1, KERATIN 5,
TIMP2, GELSOLIN, ITM2C, GSTMS5, VINCULIN, FHL1, GSTP1, MEIS1, ETS2,
PPP2CB, CATHEPSIN B, CATHEPSIN H, COL1A2, RIG, VIMENTIN, MOESIN,
MCAM, FIBRONECTIN 1, NBL1, ANNEXIN A4, ANEXIN All, IL1R1, IGFBPS,
CYSTATIN C, COL15A1, ADAMTS], SKI, EGR1, FOSB, CFLAR, JUN, YWHAB,
NRAS, C7, SCYA2, ITGA1, LUMICAN, C18, C4BPA, COL3A1, FAT, MMECDI10,
CLUSTERIN, PLA2G2A, MADh4, SEPP1, RAB2, PP1CB, MPDZ, PRKCL2, CTBP1,
CTBP2, MAP3K10, TBXA2F, MTA1, RAP2, TRAP1, TFCP2, E2EPF, UBCHI10,
TASTIN, EZH2, FL.S353, MYBL2, LIMK1, GP73, VAV2, TOP2A, ASNS, CTBP,
AMACR, ABCC5 (MDRS), and TRAF4; and instructions for using the kit for
characterizing cancer in the subject. In some embodiments, the kit comprises reagents

capable of specifically detecting expression levels of three or more of the markers. In
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other embodiments, the kit comprises reagents capable of specifically detecting -
expression levels of five or more of the markers. In still further embodiments, the kit
comprises reagents capable of specifically detecting expression levels of ten or more of
the markers. In some embodiments, the instructions comprise instructions required by
the United States Food and Drug Administration for use in in vitro diagnostic products.

In yet other embodiments, the present invention provides a kit for characterizing
prostate cancer in a subject, comprising: two or more reagents capable of specifically
detecting decreased expression levels of two or more markers selected from the group
consisting of IGFBP5, MADH4, NBL1, SEPP1, RAB2, FAT, PP1CB, MPDZ, PRKCL2,
ATF2, RAB5A, and Cathepsin H; and instructions for using the kit for characterizing
cancer in the subject. In some embodiments, the kit comprises reagents capable of
specifically detecting decreased expression levels of three or more of the markers. In
other embodiments, the kit comprises reagents capable of specifically detecting decreased
expression levels of five or more of the markers. In still further embodiments, the kit
comprises reagents capable of specifically detecting decreased expression levels of ten or
more of the markers. In some embodiments, the instructions comprise instructions |
required by the United States Food and Drug Administration for use in in vitro diagnostic
products.

In an additional embodiment, the present invention provides a kit for

characterizing prostate cancer in a subject, comprising: two or more reagents capable of

' specifically detecting increased expression levels of two or more markers selected from

the group consisting of CTBP1, MAP3K10, TBXA2R, MTA1, RAP2, TRAP1, TFCP2,
E2-EPF, UBCH10, TASTIN, EZH2, FLS353, MYBL2, LIMK1, TRAF4; and
instructions for using the kit for characterizing cancer in the subject. In some
embodiments, the kit comprises reagents capable of specifically detecting decreased
expression levels of three or more of the markers. In other embodiments, the kit
comprises reagents capable of specifically detecting decreased expression levels of five
or more of the markers. In still further embodiments, the kit comprises reagents capable
of specifically detecting decreased expression levels of ten or more of the markers. In
some embodiments, the instructions comprise instructions required by the United States

Food and Drug Administration for use in in vitro diagnostic products.
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The present invention also provides a method of screening compounds,
comprising: providing a prostate cell sample; and one or more test compounds; and
contacting the prostate cell sample with the test compound; and detecting a change in
hepsin expression in the prostate cell sample in the presence of the test compound relative
to the absence of the test compound. In some embodiments, the detecting comprises
detecting hepsin mRNA. In other embodiments, the detecting comprises detecting hepsin
polypeptide. In some embodiments, the cell is in vitro. In other embodiments, the cell is
in vivo. In some embodiments, the test compound comprises an antisense compound. In
other embodiments, the test compound comprises a drug.

The present invention further provides a method of screening compounds,
comprising: providing a prostate cell sample; and one or more test compounds; and
contacting the prostate cell sample with the test compound; and detecting a change in
pim-1 expression in the prostate cell sample in the presence of the test compound relative
to the absence of the test compound. In some embodiments, the detecting comprises
detecting pim-1 mRNA. In other embodiments, the detecting comprises detecting pim-1
polypeptide. In some embodiments, the cell is iz vitro. In other embodiments, the cell is
in vivo. In some embodiments, the test compound comprises an antisense compound. In
other embodiments, the test compound comprises a drug.

The present invention provides a prostate cancer expression profile map
comprising gene expression level information for two or more markers selected from the
group consisting of: FKBPS, FASN, FOLH1, TNFSF10, PCM1, S100A11, IGFBP3,
SLUG, GSTM3, ATF2, RABSA, IL1R2, ITGB4, CCND2, EDNRB, APP,
THROMBOSPONDIN 1, ANNEXIN Al, EPHA1, NCK1, MAPK6, SGK, HEVIN,
MEIS2, MYLK, FZD7, CAVEOLIN 2, TACC1, ARHB, PSG9, GSTM1, KERATIN 5,
TIMP2, GELSOLIN, ITM2C, GSTMS5, VINCULIN, FHL1, GSTP1, MEIS1, ETS2,
PPP2CB, CATHEPSIN B, CATHEPSIN H, COL1A2, RIG, VIMENTIN, MOESIN,
MCAM, FIBRONECTIN 1, NBL1, ANNEXIN A4, ANEXIN Al11, ILIR1, IGFBPS5,
CYSTATIN C, COL15A1, ADAMTSI, SKI, EGR1, FOSB, CFLAR, JUN, YWHAB,
NRAS, C7, SCYA2, ITGA1, LUMICAN, C18, C4BPA, COL3A1, FAT, MMECD10,
CLUSTERIN, PLA2G2A, MADK4, SEPP1, RAB2, PP1CB, MPDZ, PRKCL2, CTBP1,
CTBP2, MAP3K10, TBXA2F, MTA1, RAP2, TRAP1, TFCP2, E2EPF, UBCH]10,
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TASTIN, EZH2, FLS353, MYBL2, LIMK1, GP73, VAV2, TOP2A, ASNS, CTBP,

AMACR, ABCC5 (MDRS5), and TRAF4. In some embodiments, the map is digital
information stored in computer memory. In some embodiments, the map comprises
information for three or more markers. In other embodiments, the map comprises
information for five or more markers. In still further embodiments, the map comprises
information for ten or more markers.

The present invention also provides a prostate cancer expression profile map
comprising gene expression level information for two or more markers selected from the
group consisting of: IGFBP5, MADH4, NBL1, SEPP1, RAB2, FAT, PP1CB, MPDZ,
PRKCL2, ATF2, RAB5SA, and Cathepsin H. In some embodiments, the map is digital
information stored in computer memory. In some embodiments, the map comprises
information for three or more markers. In other embodiments, the map comprises
information for five or more markers. In still further embodiments, the map comprises
information for ten or more markers. In some embodiments, the prostate cancer is
metastatic.

The present invention further provides a prostate cancer expression profile map
comprising gene expression level information for two or more markers selected from the
group consisting of: CTBP1, MAP3K 10, TBXA2R, MTA1, RAP2, TRAP1, TFCP2, E2-
EPF, UBCHI10, TASTIN, EZH2, FLS353, MYBL2, LIMK1, TRAF4. In some
embodiments, the map is digital information stored in computer memory. In some
embodiments, the map comprises information for three or more markers. In other
embodiments, the map comprises information for five or more markers. In still further
embodiments, the map comprises information for ten or more markers. In some
embodiments, the prostate cancer is metastatic.

In some embodiments, the present invention provides a method for characterizing
prostate tissue in a subject, comprising providing a prostate tissue sample from a subject;
and detecting the presence or absence of expression of EZH2 in the sample, thereby
characterizing the prostate tissue sample. In some embodiments, detecting the presence
of expression of EZH2 comprises detecting the presence of EZH2 mRNA (e.g.,
including, but not limited to, by exposing the hepsin mRNA to a nucleic acid probe
complementary to the hepsin mRNA). In other embodiments, detecting the presence of
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expression of EZH2 comprises detecting the presence of a EZH2 polypeptide (e.g.,
including, but not limited to, by exposing the EZH2 polypeptide to an antibody specific
to the EZH2 polypeptide and detecting the binding of the antibody to the EZH2
polypeptide). In some embodiments, the subject comprises a human subject. In some
embodiments, the sample comprises tumor tissue. In some embodiments, characterizing
the prostate tissue comprises idehtifying a stage of prostate cancer in the prostate tissue.
In certain embodiments, the stage is selected from the group including, but not limited to,
high-grade prostatic intraepithelial neoplasia, benign prostatic hyperplasia, prostate
carcinoma, and metastatic prostate carcinoma. In some embodiments, the method further
comprises the step of providing a prognosis to the subject (e.g., a risk of developing
metastatic prostate cancer). ’

In further embodiments, the present invention provides a kit for characterizing
prostate cancer in a subject, comprising a reagent capable of specifically detecting the
presence of absence of expression of EZH2; and instructions for using the kit for
characterizing cancer in the subject. In some embodiments, the reagent comprises a
nucleic acid probe complementary to a EZH2 mRNA. In other embodiments, the reagent
comprises an antibody that specifically binds to a EZH2 polypeptide. In certain
embodiments, the instructions comprise instructions required by the United States Food
and Drug Administration for use in in vitro diagnostic products.

In still other embodiments, the present invention provides a method of screening
compounds, comprising providing a prostate cell sample; and one or more test
compounds; and contacting the prostate cell sample with the test compound; and
detecting a change in EZH2 expression in the prostate cell sample in the presence of the
test compound relative to the absence of the test compound. In some embodiments,
wherein the detecting comprises detecting EZH2 mRNA. In other embodiments, the
detecting comprises detecting EZH2 polypeptide. In some embodiments, the cell is in
vitro; while in other embodiments, the cell is in vivo. In some embodiments, the test
compound comprises an antisense compound. In certain embodiments, the test
compound comprises a drug.

In yet other embodiments, the present invention provides a method for

characterizing inconclusive prostate biopsy tissue in a subject, comprising providing an

10
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inconclusive prostate biopsy tissue sample from a subject; and detecting the presence of
expression of AMACR in the sample, thereby characterizing the inconclusive prostate
biopsy tissue sample. In some embodiments, detecting the presence of expression of
AMACR comprises detecting the presence of AMACR mRNA (e.g., by exposing the
AMACR mRNA to a nucleic acid probe complementary to at least a portion of the
AMACR mRNA). In other embodiments, detecting the presence of expression of
AMACR comprises detecting the presence of a AMACR polypeptide (e.g., by exposing
the AMACR polypeptide to an antibody specific to the AMACR polypeptide and
detecting the binding of the antibody to the AMACR polypeptide). In some
embodiments, the subject comprises a human subject. In some embodiments, the
presence of AMACR expression in the inconclusive biopsy tissue is indicative of prostate
cancer in the subject. In certain embodiments, the method further comprises the step of
detecting expression of a basal cell marker selected from the group consisting of 34fE12
and p63 and the absence of a basal cell marker expression and the presence of AMACR
expression is indicative of prostate cancer in the subject.

| The present invention further provides a method of detecting AMACR expression
in a bodily fluid, comprising providing a bodily fluid from a subject; and a reagent for
detecting AMACR expression in the biological fluid; and contacting the bodily fluid with
the reagent under conditions such that the reagent detects AMACR expression in the
bodily fluid. In some embodiments, the bodily fluid is selected from the group consisting
of serum, urine, whole blood, lymph fluid, and mucus. In certain embodiments, the
presence of AMACR in the bodily fluid is indicative of cancer (e.g., prostate cancer).

The present invention additionally provides a kit for characterizing inconclusive
prostate biopsy tissue in a subject, comprising a reagent capable of specifically detecting
the presence or absence of expression of AMACR; and instructions for using the kit for
characterizing inconclusive biopsy tissue in the subject. In some embodiments, the
reagent comprises a nucleic acid probe complementary to at least a portion of an
AMACR mRNA. In other embodiments, the reagent comprises an antibody that
specifically binds to a AMACR polypeptide. In still other embodiments, the kit further
comprises a second reagent, the second reagent capable of specifically detecting the

expression of a basal cell marker selected from the group consisting of 34BE12 and p63.
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In some embodiments, the instructions further comprise instructions for using the second
reagent and the reagent for characterizing inconclusive biopsy tissue in the subject. In
some embodiments, the instructions comprise instructions required by the United States
Food and Drug Administration for use in in vitro diagnostic products.

The present invention further provides a method of characterizing tissue in a
subject, comprising providing a tissue sample from a subject, the tissue sample selected
from the group consisting of breast tissue, ovarian tissue, lymph tissue, and melanoma
tissue; and detecting the presence or absence of expression of AMACR in the sample,
thereby characterizing the breast tissue sample.

The present invention also provides a method of diagnosing cancer in a subject,
comprising providing a tissue sample from a subject, the tissue sample selected from the
group consisting of breast tissue, ovarian tissue, lymph tissue, and melanoma tissue; and
wherein the subject is suspected of having cancer; and detecting the presence of
expression of AMACR in the sample, thereby diagnosing cancer in the tissue sample of
the subject.

The present invention provides a method of diagnosing cancer in a subject,
comprising providing a blood sample from a subject suspected of having cancer; and
detecting an immune response to AMACR in the blood sample, thereby diagnosing
cancer in the subject. In some embodiments, the cancer is prostate cancer. In certain
embodiments, detecting an immune response comprises detecting an antibody against the
AMACR in the blood sample.

The present invention additionally provides a method of inhibiting the growth of
cells, comprising providing a cell that expresses EZH2; and a reagent for inhibiting EZH2
expression in the cell; and contacting the cell with the reagent under conditions such that
the expression of EZH2 in the cell is inhibited. In some embodiments, the reagent is an
antisense oligonucleotide. In other embodiments, the reagent is a RNA duplex. In some
embodiments, the reagent is a drug. In some embodiments, the cell is a prostate cancer
cell. In some embodiments, the cell is in vitro; while in other embodiments, the cell is in
vivo. In some embodiments, the contacting further results in a decrease in proliferation of

the cell.
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In certain embodiments, the present invention provides a method for
characterizing prostate cancer in a subject, comprising providing a prostate tissue sample
from a subject suspected of having prostate cancer; and detecting a decrease in
expression of an annexin in the sample, thereby characterizing the prostate tissue sample.
In some embodiments, the decrease in expression of an annexin is indicative of the
presence of metastatic prostate cancer in the subject. In certain embodiments, the
annexin is selected from the group including, but not limited to, Annexin'l, Annexin 2,
Annexin 4, Annexin 6, Annexin 7, and Annexin 11.

In other embodiments, the present invention provides a method for characterizing
prostate cancer in a subject, comprising providing a prostate tissue sample from a subject
suspected of having prostate cancer; and detecting an increase in expression of a c-
terminal binding protein in the sample, thereby characterizing the prostate tissue sample.
In some embodiments, the c-terminal binding protein is selected from the group
consisting of c-terminal binding protein 1 and c-terminal binding protein 2. In certain
embodiments, the increase in expression of a c-terminal binding protein is indicative of
the presence of metastatic prostate cancer in the subject. In some embodiments, the
expression of a c-terminal binding protein is indicative of an increased risk of PSA
failure.

In other embodiments, the present invention provides a method for characterizing
prostate cancer in a subject, comprising providing a prostate tissue sample from a subject
suspected of having prostate cancer; and detecting an increase or decrease in expression
of GP73, thereby characterizing the prostate tissue sample. In some embodiments, an
increase in expression of gp73 is indicative of localized prostate cancer. In other
embodiments, the prostate tissue sample is prostate cancer and a decrease in the

expression of gp73 is indicative of metastatic prostate cancer.

DESCRIPTION OF THE FIGURES
Figure 1 shows a gene expression profile of prostate cancer samples.
Figure 1a shows a dendrogram describing the relatedness of the samples. Figures

1b shows a cluster diagram of the samples groups compared against normal
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adjacent prostate pool as a reference. Figures 1c shows a cluster diagram of the
samples groups compared against commercial prostate pool reference.

Figure 2 shows functional clusters of genes differentially expressed in prostate
cancer.

Figure 3 shows the expression of hepsin in prostate cancer samples as determined
by Northern blot analysis and immunohistochemistry. Figure 3a shows Northern blot
analysis of human hepsin (top) and normalization with GAPDH (bottom). NAT indicates
normal adjacent prostate tissue and PCA indicates prostate cancer. Figure 3b shows
tissue microarrays used for hepsin analysis. Figure 3¢ shows a histogram of hepsin
protein expression by tissue type. Benign prostate hyperplasia (BPH). High-grade
intraepithelial neoplasia (HG-PIN). Localized prostate cancer (PCA). Hormone-
refractory prostate cancer (MET). Figure 3d shows Kaplan Meier Analysis.

Figure 4 shows the expression of pim-1 in prostate cancer samples as determined
by Northern blot analysis and immunohistochemistry. Figure 4a shows a histogram of
pim-1 protein expression by tissue type as assessed from 810 tissue microarray elements.
High-grade intraepithelial neoplasia (HG-PIN). Localized prostate cancer (PCA). Figure
4b shows a Kaplan-Meier analysis. The tope line represents patients with strong Pim-1
staining. The bottom line represents patients with absent/weak Pim-1 expression.

Figure 5 shows a comparison of gene expression profiles for normal adjacent
prostate tissue and normal prostate tissue reference.

Figure 6 shows a focused cluster of prostate cancer related genes.

Figure 7 shows data for gene selection based on computed t-statistics for the NAP
and CP pools.

Figure 8 shows an overview of genes differentially expressed in prostate cancer.

Figure 9 describes exemplary accession numbers and sequence ID Numbers for
exemplary genes of the present invention.

Figure 10 provides exemplary sequences of some genes of the present invention.

Figure 11 an overview of the discovery and characterization of AMACR in
prostate cancer utilized in some embodiments of the present invention.

Figure 12 describes a DNA microanalysis of AMACR expression in prostate

cancer.
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Figure 13 describes an analysis of AMACR transcript and protein levels in
prostate cancer.

Figure 14 describes an analysis of AMACR protein expression using prostate
cancer tissue microarrays.

Figure 15 shows relative gene expression of AMACR in several samples.

Figure 16 shows AMACR protein expression PCA. Figure 19A shows AMACR
protein expression in localized hormone naive PCA. Figure 19B shows strong AMACR
expression in a naive lymph node metastasis. Error bars represent the 95% CI of the
mean expression of the primary naive prostate cancer and corresponding Iymph node
metastases.

Figure 17 shows the hormonal effect on AMACR expression. Figure 17A shows
PCA demonstrating strong hormonal effect due to anti-androgen treatment. Figure 17B
shows Western Blot analysis representing the baseline AMACR expression in different
prostate cell lines (Left) and Western Blot analysis of LNCaP cells for AMACR and PSA
expression after treatment with an androgen or an anti-androgen for 24h and 48 hours
(right).

Figure 18 shows AMACR over-expression in multiple tumors. AMACR protein
expression was evaluated by immunohistochemistry on a multi-tumor and a breast cancer
tissue microarray. Percentage of cases with positive staining (moderate and strong
staining intensity) is summarized on the Y-axis. The left bar represents negative or weak
staining and the right bar represents moderate or strong staining.

Figure 19 shows the results of laser capture microdissection (LCM) and RT-PCR
amplification of AMACR in prostate cancer. LCM was used to isolate pure prostate
cancer and benign glands and AMACR gene expression was characterized by RT-PCR in
2 radical prostatectomies. A constitutively expressed gene, GAPDH, was used as
quantitative control of input mRNA. AMACR expression is barely detectable in benign
glands, and is elevated in prostate cancer.

Figure 20 describes the identification and validation of EZH2 over-expression in
metastatic prostate cancer. Figure 20a shows a cluster diagram depicting genes that
molecularly distinguish metastatic prostate cancer (MET) from clinically localized

prostate cancer (PCA). Figure 20b shows a DNA microarray analysis of prostate cancer
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that reveals upregulation of EZH2 in métastatic prostate cancer. Figure 20c shows RT-
PCR analysis of the EZH2 transcript in prostate tissue and cell lines. Figure 20d shows
increased expression of EZH2 protein in prostate cancer.

Figure 21 shows that EZH2 protein levels correlate with the lethal progression
and aggressiveness of prostate cancer. Figure 21a shows tissue microarray analysis of
EZH?2 expression. The mean EZH?2 protein expression for the indicated prostate tissues
is summarized using error bars with 95% confidence intervals. Figure 21b shows a
Kaplan-Meier analysis demonstrating that patients with clinically localized prostate
cancers that have high EZH2 expression (Moderate/Strong staining) have a greater risk
for prostate cancer recurrence after prostatectomy (log rank test, p=0.03).

Figure 22 shows the role of EZH2 in prostate cell proliferation. Figure 22a shows
an immunoblot analysis of RNA interference using siRNA duplexes targeting the EZH2
sequence in prostate cells. Figure 22b shows that RNA interference of EZH2 decreases
cell proliferation as assessed by cell counting assay. Figure 22c¢ shows that RNA
interference of EZH?2 inhibits cell proliferation as assessed by WST assay. Figure 22d
shows that RNA interference of EZH2 induces G2/M arrest of prostate cells.

Figure 23 shows that EZH2 functions as a transcriptional repressor in prostate
cells. Figure 23a shows a schematic diagram of EZH?2 constructs used in
transfection/transcriptome analysis. ER, modified ligand binding domain of estrogen
receptor. H-1 and H-2, homology domains 1 and 2 which share similarity between EZH2
and E(z). CYS, cysteine-rich domain. SET, SET domain. TAG, myc-epitope tag. NLS,
nuclear localization signal. Figure 23b shows confirmation of expression of EZH2
constructs used in a. An anti-myc antibody was used. Figure 23c shows a cluster
diagram of genes that are significantly repressed by EZH2 overexpression. Figure 23d
shows SAM analysis of gene expression profiles of EZH2 transfected cells compared
against EZH2 .SET transfected cells. Figure 23e shows a model for potential functional
interactions of EZH?2 as elucidated by transcriptome analysis and placed in the context of
previously reported interactions. -+, induction. -, repression.

Figure 24 shows the detection of AMACR in PCA cell lines.

Figure 25 shows the detection of AMACR protein in serum by quantitation of

microarray data.
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Figure 26 shows an immunoblot analysis of serum from patients with either
negative or positive PSA antigen.

Figure 27 shows an immunoblot analysis of the presence of AMACR in urine
samples from patients with bladder cancer (females) or bladder cancer and increased PSA
(males).

Figure 28 shows representative data of a humoral response by protein microatray
analysis.

Figure 29 shows immunoblot analysis of the humoral response of AMACR.
Figure 29a shows an immunoblot analysis of the humoral response to AMACR. Figure
29b shows a control experiment where the humoral response was blocked.

Figure 30 shows GP73 Transcript levels in prostate cancer. Figure 30a shows the
level of GP73 in individual samples after microarray analysis. Figure 30b shows the
result of GP73 transcripts determined by DNA microarray analysis from 76 prostate
samples grouped according to sample type and averaged.

Figure 31 shows that GP73 protein is upregulated in prostate cancer. Figure 31a
shows Western blot analysis of GP73 protein in prostate cancer. Figure 31b shows an
immunoblot analysis of the Golgi resident protein Golgin 97.

Figure 32 shows immunoblot analysis of normal and prostate cancer epithelial
cells.

Figure 33 shows the cDNA expression of select annexin gene family members.

Figure 34 shows a heat map representation of annexin family gene expression
across four prostate cancer profiling studies. Over and under expression at the transcript
level are represented by shades of red and green, respectively. Gray shading indicates
that insufficient data was available. Each square represents an individual tissue sample.

Figure 35 shows the expression of CtBP proteins in PCA specimens.

Figure 36 shows tissue microarray analysis of CtBP in prostate cancer that
suggests mis-localization during prostate cancer progression.

Figure 37 shows the sub-cellular fractionation of LNCaP cells.

Figure 38 shows a Kaplan-Meier Analysis of prostate cancer tissue microarray

data.
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GENERAL DESCRIPTION

Exploring the molecular circuitry that differentiates indolent PCA from
aggressive PCA has the potential to lead to the discovery of prognostic markers and novel
therapeutic targets. Insight into the mechanisms of prostate carcinogenesis is also
gleaned by such a global molecular approach. Similar to breast cancer (Lopez-Otin and
Diamandis, Endor. Rev., 19:365 [1998]), PCA develops in a complex milieu of genetic
and environmental factors in which steroid hormone signaling plays a central role. The
primary precursor lesion of PCA, high-grade prostatic intraepithelial neoplasia (HG-
PIN), has several characteristics similar to other early invasive carcinomas (i.e.,
chromosomal abnormalities and cytologic features). Loss of specific chromosomal
regions (e.g., 8p21, 10q, 13q, 17p) along with losses and mutations of tumor suppressor
genes such as Nkx3.1, PTEN, Rb, and p53 have been implicated in the initiation and
progression of prostate cancer (Abate-Shen and Shen, supra). With the emergence of
global profiling strategies, a systematic analysis of genes involved in PCA is now
possible. DNA microarray technology is revolutionizing the way fundamental biological
questions are addressed in the post-genomic era. Rather than the traditional approach of
focusing on one gene at a time, genomic-scale methodologies allow for a global
perspective to be achieved. The power of this approach lies in its ability to comparatively
analyze genome-wide patterns of mRNA expression (Brown and Botstein, Nat. Gent.,
21:33[1999]). Obtaining large-scale gene expression profiles of tumors allows for the
identification of subsets of genes that function as prognostic disease markers or biologic
predictors of therapeutic response (Emmert-Buck et a/., Am. J. Pathol., 156:1109 [2000]).
Golub ef al. used DNA arrays in the molecular classification of acute leukemias (Golub
et al., Science 286:531 [1999], demonstrating the feasibility of using microarrays for
identifying new cancer classes (class discovery) and for assigning tumors to known
classes (class prediction). Using a similar approach, Alizadeh et al. showed that diffuse
large B-cell lymphoma could be dissected into two prognostic categories by gene
expression profiling (Alizadeh ef al., Nature 403:503 [2000]). They provided evidence
that lymphomas possessing a gene expression signature characteristic of germinal center
B cells had a more favorable prognosis than those expressing genes characteristic of

activated peripheral B-cells. Similar large-scale classifications of breast cancer and
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melanoma have been undertaken, and as with the other studies, molecular classification
was the primary focus (Alizadeh et al., supra).

Accordingly, the present invention provides an analysis of gene expression
profiles in benign and malignant prostate tissue. Three candidate genes, AMACR, hepsin
and pim-1, identified by DNA microarray analysis of PCA, were characterized at the
protein level using PCA tissue microarrays. Analysis of the differential gene expression
profiles of normal and neoplastic prostate has led to the identification of a select set of
genes that define a molecular signature for PCA. The expression profiling experiments
of the present invention demonstrate a role for multiple, collaborative gene expression
alterations which ultimately manifest as the neoplastic phenotype. By making direct
comparative hybridizations of normal and neoplastic tissues, genes that molecularly
distinguish benign tissue from malignant are identified.

a-Methylacyl-CoA Racemase (AMACR) is an enzyme that plays an important
role in bile acid biosynthesis and B-oxidation of branched-chain fatty acids
(Ferdinandusse et al., J. Lipid Res., 41:1890 [2000]; Kotti et al., J. Biol.Chem.,
275:20887 [2000]). Mutations of the AMACR gene have been shown to cause adult-
onset sensory motor neuropathy (Ferdinandusse ef al., Nat. Genet., 24:188 [2000]). In
diagnostically challenging prostate biopsy cases, pathologists often employ the basal cell
markers 34BE12 or p63, which stain the basal cell layer of benign glands that is nbt
present in malignant glands. Thus, in many biopsy specimens, the pathologist must rely
on absence of staining to make the final diagnosis of prostate cancer. Experiments
conducted during the development of the present invention identified AMACR as a
marker expressed in cancerous biopsy tissue. Thus, the clinical utility of AMACR in
prostate needle biopsies is large. For example, at the University of Michigan Medical
Center, approximately 400 prostate needle biopsies are performed per year and
approximately 20% require the use of a basal-cell specific marker to evaluate difficult
lesions, characterized by a small amount of atypical glands. Accordingly, it is
contemplated that in combination with basal cell specific markers, such as 34BE12 or
p63, screening for AMACR expression by the methods of the present invention results in

fewer cases diagnosed as “atypical without a definitive diagnosis.”
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Identification of the over-expression of AMACR in prostate cancer has clinical
utility beyond diagnostic uses. Experiments conducted during the development of the
present invention revealed that the only non-cancerous tissue to expresses significant
levels of AMACR protein is the human liver. The present invention is not limited to a
particular mechanism. Indeed, an understanding of the mechanism in not necessary to
practice the present invention. Nonetheless, it is contemplated that AMACR activity is
required for prostate cancer growth and by virtue of its specificity serves as a therapeutic
target.

Additional experiments conducted during the course of development of the
present invention investigated AMACR expression in different groups of prostate cancer,
including the aspect of neo-adjuvant hormonal withdrawal in localized disease. AMACR
expression was found to be hormone independent in cell culture experiments. PSA, a
gene known to be regulated by androgens, demonstrated hormone related alterations in
expression under the same conditions. The present invention is not limited to a particular
mechanism. Indeed, an understanding of the mechanism is not necessary to practice the
present invention. Nonetheless, it is contemplated that these findings provide evidence
that AMACR is not regulated by the androgen pathway. It is further contemplated that
the decreased AMACR expression in hormone refractory tissue allows the use of
AMACR as a biomarker for hormone resistance. It is also contemplated that, given the
fact that hormone treatment in the mean of hormonal withdrawal did not affect AMACR
expression in the cell culture, that some other mechanism than the androgen pathway is
responsible for AMACR downregulation in the integrity of cancer tissue.

The present invention is not limited to a particular mechanism. Indeed, an
understanding of the mechanism is not necessary to practice the present invention.
Nonetheless, it is contemplated that, alternatively, AMACR is over expressed in the
development of cancer, perhaps playing an important role in providing energy for the
neoplastic cells. However, as the tumors become de-differentiated, they no longer
require these sources of energy. It is contemplated that poorly differentiated tumors may
take over other pathways to accomplish this same activity of branched fatty acid
oxidation. There is no association with the proliferative rate of the tumor cells and
AMACR expression.
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AMACR expression was also examined in other cancers. Examination of other
tumors demonstrated that colon cancer has the highest AMACR expression. As
colorectal cancers are not known to be hormonally regulated, the fact that de-
differentiation and decreased AMACR expression were correlated in PCA further
supports the hypothesis that de-differentiation leads to decreased AMACR expression in
the hormone refractory metastatic PCA. Hormone treatment is also a front line therapy in
metastatic prostate cancer but is known to loose efficacy, selecting out hormone
insensitive clones. The present invention is not limited to a particular mechanism.
Indeed, an understanding of the mechanism is not necessary to practice the present
invention. Nonetheless, it is contemplated that this phenomenon explains the observation
that strong hormone treatment effect is consistent with decreased AMACR expression
due to selection of potentially more de-differentiated cells.

The AMACR gene product is an enzyme, which plays an important role in bile
acid biosynthesis and beta-oxidation of branched-chain fatty acids (Kotti ef al., J. Biol.
Chem. 275:20887 [2000]; Ferdinandusse et al., J Lipid Res 42:137 [2001]). AMACR
over expression occurs in tumors with a high percentage of lipids such as PCA and
colorectal cancer. The relationship between fatty acid consumption and cancer is a
controversial subject in the development of PCA and colorectal cancer (Moyad, Curr
Opin Urol 11:457 [2001]; Willett, Oncologist 5:393 {2000]). An essential role for
AMACR in the oxidation of bile acid intermediates has been demonstrated. AMACR
encodes an enzyme which catalyzes the racemization of alpha-methyl branched
carboxylic coenzyme A thioesters and is localized in peroxisomes and mitochondria
(Schmitz et al., Bur J Biochem 231:815 [1995]). The present invention is not limited to a
particular mechanisn1. Indeed, an understanding of the mechanism is not necessary to
practice the present invention. Nonetheless, it is contemplated that, as AMACR is
involved in the metabolism of lipids, that this leads to alterations in the oxidant balance
ofacell. It is further contemplated that these changes are associated with DNA damage,
malignant transformation, and other parameters of cell disturbance.

Additional experiments conducted during the course of development of the
present invention demonstrated that AMACR mRNA and protein product are over

expressed in a number of adenocarcinomas, including colorectal, prostate, breast, and
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ovarian and melanoma. Adenocarcinoma from the colorectum and prostate demonstrated
consistent AMACR over expression (92% and 83% of tumor, respectively). Thus,
AMACR is of use in the diagnosis of colonic neoplasia. For example, in some
embodiments of the present invention, AMACR is used in the diagnosis of dysplasia.
Specifically, in the setting of inflammatory bowel disease (IBD), where the identification
of dysplasia may be diagnostically challenging, one evaluates putative lesions for their
AMACR protein expression intensity. In some embodiments, this is performed in
conjunction with the analysis of the adenomatous polyposis coli gene, since mutations in
this gene are also believed to occur early in the development of colorectal neoplasia
(Kinzler and Vogelstein, Cell 87:159 [1996]; Tsao and Shibata, Am J Pathol 145: 531
[1994]).

Colonic adenomas (Kinzler and Vogelstein, supra; Tsao and Shibata, supra) and
high-grade PIN (McNeal and Bostwick, Hum Pathol 17:64 [1986]; McNeal ef al., Lancet
1:60 [1986]) are well know precursors of invasive colonic and prostate cancer,
respectively. Experiments conducted during the course of development of the present
invention demonstrated that AMACR is over expressed in colorectal adenomas (75%)
and high-grade PIN (64%). Further supporting AMACR expression in early neoplastic
lesions was the presence of focal AMACR expression in some atrophic prostate lesions.
Some atrophic lesions (i.e., proliferative inflammatory atrophy and postatrophic
hyperplasia) have recently been recognized as proliferative in nature with molecular
alterations suggestive of early neoplastic changes (De Marzo et al., Am J Pathol
155:1985 [1999]; Shah et al., Am J Pathol 158:1767 [2001]). Some morphologically
benign prostate glands were also observed to have focal moderate AMACR staining. The
present invention is not limited to a particular mechanism. Indeed, an understanding of
the mechanism is not necessary to practice the present invention. Nonetheless, it is
contemplated that AMACR may have a role in the early steps of cancer development.

Several cancers that are associated with AMACR over expression, including
colorectal, prostate and breast cancer, have been linked to high-fat diet. The exact
mechanism how high-fat diet contributes to tumorigenesis in these organ systems is
unknown, but emerging evidence suggest that peroxisome proliferator activated receptor
(PPAR) mediated pathway plays a critical role (Debril et al., J. Mol. Med. 79:30 [2001]).
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Diet fatty acids have been shown to function as peroxisome proliferators and bind to and
activate PPARs (Zomer et al., J. Lipid Res. 41:1801 [2000]), a family of nuclear receptor
transcriptional factors. Activation of PPAR mediated pathways in turn control cell
proliferation and differentiation. In addition, it can also alter the cellular oxidant balance
(Yeldandi et al., Mutat. Res. 448:159 [2000]). The present invention is not limited to a
particular mechanism. Indeed, an understanding of the mechanism is not necessary to
practice the present invention. Nonetheless, it is contemplated that these effects act in
concert to contribute to the tumorigenesis of several cancers. This hypothesis is
supported by the findings that peroxisome proliferators, when given to mice, enhance the
development colon adenomatous polyps in mice (Saez et al., Nat. Med. 4:1058 [1998]).
In addition, PPARs are expressed in several prostate cancer cell lines and their ligands,
and peroxisome proliferators, when added to culture, affect the growth of these cell lines
(Shappell et al., Cancer Res. 61:497 [2001]; Mueller et al., PNAS 97:10990 [2000]). A
phase II clinical trial also showed that troglitazone, a PPARYy activator, could stabilize
PSA level in patients with prostate cancer (Kubota et al., Cancer Res. 58:3344 [1998];
Hisatake et al., Cancer Res. 60:5494 [2000]).

AMACR is an involved in the B-oxidation of pristanic acid (Ferdinandusse et al.,
J. Lipid. Res. 41:1890 [2000]). Pristanic acid can function as a PPAR o activator and
promote cell growth (Zomer et al., J. Lipid Res. 41:1801 [2000]). The present invention
is not limited to a particular mechanism. Indeed, an understanding of the mechanism is
not necessary to practice the present invention. Nonetheless, it is contemplated that
hyperfunctioning of B-oxidation pathway leads to exhaustion of reducing molecules and
alters the cellular oxidant status (Yeldandi ez al., Mutat. Res. 448:159 [2000]).

The present invention further provides methods of targeting AMACR as a
therapeutic target in cancer treatment. Over expressed in high percentage of colorectal,
prostate, breast and melanoma, but not in adjacent normal tissues, AMACR is targeted
using antibody or enzyme inhibitors. Toxicity is expected not to be a major concern
because individuals with congenital absence of this enzyme have no or insignificant
clinical manifestations (Clayton ez al., Biochem. Soc. Trans. 29:298 [2001]).

Experiments conducted during the course of development of the present invention

further demonstrated that AMACR is present in the serum of prostate cancer patients. In
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addition, a humoral response to AMACR was identified based on the presence of
antibodies to AMACR in the serum of prostate cancer patients.

Annexins are a group of structurally related calcium-binding proteins, which have
a domain that binds to phospholipids and an amino terminal domain that determines
specificity (Smith et al., Trends. Genet. 10:241 [1994]; Mailliard et al., J Biol. Chem.
271:719 [1996]). The annexins are involved in regulation of membrane trafficking,
cellular adhesion and possible tumorigenesis. Experiments conducted during the course
of development of the present invention used cDNA microarrays to study the expression
patterns of multiple annexin family members in a wide range of prostate tissue samples in
order to determine their role in PCA progression. Meta-analysis of gene expression data
was employed to help further validate the cDNA expression array findings. Finally,
high-density tissue microarrays were used to assess annexin protein expression levels by
immunohistochemistry.

Eight annexins were evaluated for their mRNA expression levels in benign
prostatic tissue, localized hormone naive PCA and metastatic hormone refractory PCA
samples. Five annexins (1,2,4,7,and 11) demonstrated a progressive down regulation at
the transcript level going from benign prostatic tissue to localized PCA to hormone
refractory PCA. In order to validate the cDNA expression array finding of these 5
annexin family members, a meta-analysis was performed, which confirmed that when
looking across 4 studies where at least two studies reported results, annexin 1,2,4, and 6
were significantly down regulated in localized PCA samples when compared to benign
prostatic tissue. Therefore the meta-analysis confirmed results on annexin 1, 2, and 4. In
these examples, summary statistics across all datasets found these annexins to be
significantly down regulated at the cDNA level. However, not all of the 4 studies had
significant down-regulation. Annexin 4, for example, was significantly down regulated
in two of four studies but the resultant summary statistic, which also takes into account
the number of samples evaluated, was statistically significant. Annexins 7,8, and 13 were
not found to be significantly under expressed. As demonstrated in figure 1, annexin 7
does decrease significantly when comparing localized PCA and metastatic PCA.

The protein expression levels of all above five annexins tested were statistically

significantly decreased in hormone refractory PCA samples when compared to either
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localized PCA or benign prostate tissue. Four of 5 annexins also demonstrated a decrease
in protein expression in clinically localized PCA as compared to benign prostate tissue.
However, in none of these cases was the protein expression found to be significantly
decreased. This second validation method at the protein level confirmed the cDNA
expression array data for annexin 1,2,4, 7, and 11.

Based on gene expression array data described herein, localized PCA cells down
regulate their mRNA levels of annexins but maintained the corresponding protein
expression levels. The present invention is not limited to a particular mechanism.
Indeed, an understanding of the mechanism is not necessary to practice the present
invention. Nonetheless, it is contemplated that post-translational alteration may
compensate for decrease mRNA, producing enough protein to maintain levels seen with
benign samples. Since annexins play an important role in maintaining cellular adhesion,
once the cells eventually lose this ability, tumor progression may occur. Therefore, as
one might anticipate, annexin expression levels decreased significantly in the advanced
hormone refractory PCA samples. This was confirmed at the protein level by significant
decreases as demonstrated by immunohistochemistry.

A sequential down-regulation of annexins in both transcriptional and translational
levels in metastatic PCA samples was observed. Annexin I, also called lipocortin, has
been described as a phospholipase A2 inhibitor, and served as a substrate of epidermal
growth factor receptor (Pepinsky et al., Nature 321:81 [1986]; Wallner et al., Nature
320:77 [1986]). The significant reduction of protein level has been shown in esophageal
and prostate tumor cells (Paweletz ef al., Cancer Res. 60:6293 [2000]). Annexin 2, also
called p36, appears an efficient substrate of protein kinase C and Src pp60 (Hubaishy et
al., Biochemistry 34:14527 [1995]). Annexin 4, called endonexin, regulates Cl- flux by
mediating calmodulin kinase I (CaMKII) activity (Chan et al., J. Biol. Chem. 269:32464
[1994]). Annexin 7, synexin, is involved in Duchenne’s muscular dystrophy
(Selbert‘et al. Exp. Cell. Res. 222:199 [1996]). Its gene is located on human
chromosome 10921, and its protein expression was decreased in hormone refractory
tumor cells. In conclusion, the results of experiments conducted during the course of
development of the present invention suggest that down regulation of several annexin

family members may play a role in the development of the lethal PCA phenotype.
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Additional experiments conducted during the course of development of the
present invention identified additional markers that exhibited altered (e.g., increased or
decreased) expression in prostate cancer. Additional markers include, but are not limited
to, EZH2, Annexins 1, 2, 4, 7, and 11, CTBP 1 and 2, GP73, ABCC5 (MDRS5), ASNS,
TOP2A, and Vav2. In particular, EZH2 was identified as a marker that was
overexpressed in prostate cancer, and in particular, in metastatic prostate cancer. EZH2
was further identified as being correlated with clinical failure (e.g., increased PSA
levels). In addition, siRNA inhibition of EZH2 resulted in a decrease in cell proliferation
of a prostate cancer cell line.

The present invention thus identifies markers and targets for diagnostic and

therapeutic agents in a variety of cancers.

DEFINITIONS

To facilitate an understanding of the present invention, a number of terms and
phrases are defined below:

The term "epitope" as used herein refers to that portion of an antigen that makes
contact with a particular antibody.

When a protein or fragment of a protein is used to immunize a host animal,
numerous regions of the protein may induce the production of antibodies which bind
specifically to a given region or three-dimensional structure on the protein; these regions
or structures are referred to as "antigenic determinants". An antigenic determinant may
compete with the intact antigen (i.e., the "immunogen" used to elicit the immune
response) for binding to an antibody.

The terms "specific binding" or "specifically binding" when used in reference to
the interaction of an antibody and a protein or peptide means that the interaction is
dependent upon the presence of a particular structure (i.e., the antigenic determinant or
epitope) on the protein; in other words the antibody is recognizing and binding to a
specific protein structure rather than to proteins in general. For example, if an antibody is
specific for epitope "A," the presence of a protein containing epitope A (or free,
unlabelled A) in a reaction containing labeled "A" and the antibody will reduce the
amount of labeled A bound to the antibody.
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As used herein, the terms "non-specific binding" and "background binding" when
used in reference to the interaction of an antibody and a protein or peptide refer to an
interaction that is not dependent on the presence of a particular structure (i.e., the
antibody is binding to proteins in general rather that a particular structure such as an
epitope).

As used herein, the term "subject" refers to any animal (e.g., a mammal),
including, but not limited to, humans, non-human primates, rodents, and the like, which
is to be the recipient of a particular treatment. Typically, the terms "subject" and
"patient" are used interchangeably herein in reference to a human subject.

As used herein, the term "subject suspected of having cancer" refers to a subject
that presents one or more symptoms indicative of a cancer (e.g., a noticeable lump or
mass) or is being screened for a cancer (e.g., during a routine physical). A subject
suspected of having cancer may also have one or more risk factors. A subject suspected
of having cancer has generally not been tested for cancer. However, a "subject suspected
of having cancer" encompasses an individual who has received an initial diagnosis (e.g.,
a CT scan showing a mass or increased PSA level) but for whom the stage of cancer is
not known. The term further includes people who once had cancer (e.g., an individual in
remission).

As used herein, the term "subject at risk for cancer" refers to a subject with one or
more risk factors for developing a specific cancer. Risk factors include, but are not
limited to, gender, age, genetic predisposition, environmental expose, previous incidents
of cancer, preexisting non-cancer diseases, and lifestyle.

As used herein, the term "characterizing cancer in subject” refers to the
identification of one or more properties of a cancer sample in a subject, including but not
limited to, the presence of benign, pre-cancerous or cancerous tissue, the stage of the
cancer, and the subject's prognosis. Cancers may be characterized by the identification of
the expression of one or more cancer marker genes, including but not limited to, the
cancer markers disclosed herein.

As used herein, the term "characterizing prostate tissue in a subject" refers to the
identification of one or more properties of a prostate tissue sample (e.g., including but not

limited to, the presence of cancerous tissue, the presence of pre-cancerous tissue that is
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likely to become cancerous, and the presence of cancerous tissue that is likely to
metastasize). In some embodiments, tissues are characterized by the identification of the
expression of one or more cancer marker genes, including but not limited to, the cancer
markers disclosed herein.

As used herein, the term "cancer marker genes" refers to a gene whose expression
level, alone or in combination with other genes, is correlated with cancer or prognosis of
cancer. The correlation may relate to either an increased or decreased expression of the
gene. For example, the expression of the gene may be indicative of cancer, or lack of
expression of the gene may be correlated with poor prognosis in a cancer patient. Cancer
marker expression may be characterized using any suitable method, including but not
limited to, those described in illustrative Examples 1-15 below.

As used herein, the term "a reagent that specifically detects expression levels"
refers to reagents used to detect the expression of one or more genes (e.g., including but
not limited to, the cancer markers of the present invention). Examples of suitable
reagents include but are not limited to, nucleic acid probes capable of specifically
hybridizing to the gene of interest, PCR primers capable of specifically amplifying the
gene of interest, and antibodies capable of specifically binding to proteins expressed by
the gene of interest. Other non-limiting examples can be found in the description and
examples below.

As used herein, the term "detecting a decreased or increased expression relative to
non-cancerous prostate control" refers to measuring the level of expression of a gene
(e.g., the level of mRNA or protein) relative to the level in a non-cancerous prostate
control sample. Gene expression can be measured using any suitable method, including
but not limited to, those described herein.

As used herein, the term "detecting a change in gene expression (e.g., hepsin,
pim-1, or AMACR) in said prostate cell sample in the presence of said test compound
relative to the absence of said test compound" refers to measuring an altered level of
expression (e.g., increased or decreased) in the presence of a test compound relative to
the absence of the test compound. Gene expression can be measured using any suitable

method, including but not limited to, those described in Examples 1-5 below.

28



10

15

20

25

30

WO 03/012067 PCT/US02/24567

As used herein, the term "instructions for using said kit for detecting cancer in
said subject" includes instructions for using the reagents contained in the kit for the
detection and characterization of cancer in a sample from a subject. In some
embodiments, the instructions further comprise the statement of intended use required by
the U.S. Food and Drug Administration (FDA) in labeling in vitro diagnostic products.
The FDA classifies in vitro diagnostics as medical devices and requires that they be
approved through the 510(k) procedure. Information required in an application under
510(k) includes: 1) The in vitro diagnostic product name, including the trade or
proprietary name, the common or usual name, and the classification name of the device;
2) The intended use of the product; 3) The establishment registration number, if
applicable, of the owner or operator submitting the 510(k) submission; the class in which
the in vitro diagnostic product was placed under section 513 of the FD&C Act, if known, '
its appropriate panel, or, if the owner or operator determines that the device has not been
classified under such section, a statement of that determination and the basis for the
determination that the in vitro diagnostic product is not so classified; 4)Proposed labels,
labeling and advertisements sufficient to describe the in vitro diagnostic product, its
intended use, and directions for use. Where applicable, photographs or engineering
drawings should be supplied; 5) A statement indicating that the device is similar to and/or
different from other in vitro diagnostic products of comparable type in commercial
distribution in the U.S., accompanied by data to support the statement; 6) A 510(k)
summary of the safety and effectiveness data upon which the substantial equivalence
determination is based; or a statement that the 510(k) safety and effectiveness
information supporting the FDA finding of substantial equivalence will be made
available to any person within 30 days of a written request; 7) A statement that the
submitter believes, to the best of their knowledge, that all data and information submitted
in the premarket notification are truthful and accurate and that no material fact has been
omitted; 8) Any additional information regarding the in vitro diagnostic product
requested that is necessary for the FDA to make a substantial equivalency determination.
Additional information is available at the Internet web page of the U.S. FDA.

As used herein, the term "prostate cancer expression profile map" refers to a

presentation of expression levels of genes in a particular type of prostate tissue (e.g.,
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primary, metastatic, and pre-cancerous prostate tissues). The map may be presented as a
graphical representation (e.g., on paper or on a computer screen), a physical
representation (e.g., a gel or array) or a digital representation stored in computer memory.
Each map corresponds to a particular type of prostate tissue (e.g., primary, metastatic,
and pre-cancerous) and thus provides a template for comparison to a patient sample. In
preferred embodiments, maps are generated from pooled samples comprising tissue
samples from a plurality of patients with the same type of tissue.

As used herein, the terms "computer memory" and "computer memory device"
refer to any storage media readable by a computer processor. Examples of computer
memory include, but are not limited to, RAM, ROM, computer chips, digital video disc
(DVDs), compact discs (CDs), hard disk drives (HDD), and magnetic tape.

As used herein, the term "computer readable medium" refers to any device or
system for storing and providing information (e.g., data and instructions) to a computer
processor. Examples of computer readable media include, but are not limited to, DVDs,
CDs, hard disk drives, magnetic tape and servers for streaming media over networks.

As used herein, the terms "processor" and "central processing unit" or "CPU" are
used interchangeably and refer to a device that is able to read a program from a computer
memory (e.g., ROM or other computer memory) and perform a set of steps according to
the program.

As used herein, the term "stage of cancer" refers to a qualitative or quantitative
assessment of the level of advancement of a cancer. Criteria used to determine the stage
of a cancer include, but are not limited to, the size of the tumor, whether the tumor has
spread to other parts of the body and where the cancer has spread (e.g., within the same
organ or region of the body or to another organ).

As used herein, the term "providing a prognosis" refers to providing information
regarding the impact of the presence of cancer (e.g., as determined by the diagnostic
methods of the present invention) on a subject's future health (e.g., expected morbidity or
mortality, the likelihood of getting cancer, and the risk of metastasis).

As used herein, the term "prostate specific antigen failure" refers to the
development of high prostate specific antigen levels in a patient following prostate cancer

therapy (e.g., surgery). See Examples 3 and 4 for examples of how prostate specific
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antigen failure is determined. As used herein, the term "risk of developing prostate
specific antigen failure" refers to a subject's relative risk (e.g., the percent chance or a
relative score) of developing prostate specific antigen failure following prostate cancer
therapy.

As used herein, the term "post surgical tumor tissue" refers to cancerous tissue
(e.g., prostate tissue) that has been removed from a subject (e.g., during surgery).

As used herein, the term "subject diagnosed with a cancer" refers to a subject who
has been tested and found to have cancerous cells. The cancer may be diagnosed using
any suitable method, including but not limited to, biopsy, x-ray, blood test, and the
diagnostic methods of the present invention.

As used herein, the term "initial diagnosis" refers to results of initial cancer
diagnosis (e.g. the presence or absence of cancerous cells). An initial diagnosis does not
include information about the stage of the cancer of the risk of prostate specific antigen
failure.

As used herein, the term "biopsy tissue" refers to a sample of tissue (e.g., prostate
tissue) that is removed from a subject for the purpose of determining if the sample
contains cancerous tissue. In some embodiment, biopsy tissue is obtained because a
subject is suspected of having cancer. The biopsy tissue is then examined (e.g., by
microscopy) for the presence or absence of cancer.

As used herein, the term "inconclusive biopsy tissue" refers to biopsy tissue for
which histological examination has not determined the presence or absence of cancer.

As used herein, the term "basal cell marker" refers to a marker (e.g., an antibody)
that binds to proteins present in the basal cell layer of benign prostate glands. Exemplary
basal cell markers include, but are not limited to, 34BE12 and p63 (See e.g., O'Malley et
al., Virchows Arch. Pathol. Anat. Histopatﬁol., 417:191 [1990]; Wojno et al., Am. J.
Surg. Pathol., 19:251 [1995]; Googe et al., Am. J. Clin. Pathol., 107:219 [1997]; Parsons
et al., Urology 58:619; and Signoretti ef al., Am. J. Pathol., 157:1769 [2000]).

As used herein, the term "non-human animals" refers to all non-human animals
including, but are not limited to, vertebrates such as rodents, non-human primates,
ovines, bovines, ruminants, lagomorphs, porcines, caprines, equines, canines, felines,

aves, etc.
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As used herein, the term "gene transfer system" refers to any means of delivering
a composition comprising a nucleic acid sequence to a cell or tissue. For example, gene
transfer systems include, but are not limited to, vectors (e.g., retroviral, adenoviral,
adeno-associated viral, and other nucleic acid-based delivery systems), microinjection of
naked nucleic acid, polymer-based delivery systems (e.g., liposome-based and metallic
particle-based systems), biolistic injection, and the like. As used herein, the term "viral
gene transfer system" refers to gene transfer systems comprising viral elements (e.g.,
intact viruses, modified viruses and viral components such as nucleic acids or proteins) to
facilitate delivery of the sample to a desired cell or tissue. As used herein, the term
"adenovirus gene transfer system" refers to gene transfer systems comprising intact or
altered viruses belonging to the family Adenoviridae.

As used herein, the term "site-specific recombination targét sequences" refers to
nucleic acid sequences that provide recognition sequences for recombination factors and
the location where recombination takes place.

As used herein, the term "nucleic acid molecule" refers to any nucleic acid
containing molecule, including but not limited to, DNA or RNA. The term encompasses
sequences that include any of the known base analogs of DNA and RNA including, but
not limited to, 4-acetylcytosine, 8-hydroxy-N6-methyladenosine, aziridinylcytosine,
pseudoisocytosine, 5-(carboxyhydroxylmethyl) uracil, 5-fluorouracil, 5-bromouracil, 5-
carboxymethylaminomethyl-2-thiouracil, 5-carboxymethylaminomethyluracil,
dihydrouracil, inosine, N6-isopentenyladenine, 1-methyladenine, 1-methylpseudouracil,
1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine,
2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-methyladenine,
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine, 5'-methoxycarbonylmethyluracil, 5-methoxyuracil,
2-methylthio-Né-isopentenyladenine, uracil-5-oxyacetic acid methylester,
uracil-5-oxyacetic acid, oxybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-
2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, N-uracil-5-oxyacetic acid
methylester, uracil-5-oxyacetic acid, pseudouracil, queosine, 2-thiocytosine, and

2,6-diaminopurine.
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The term "gene" refers to a nucleic acid (e.g., DNA) sequence that comprises
coding sequences necessary for the production of a polypeptide, precursor, or RNA (e.g.,
rRNA, tRNA). The polypeptide can be encoded by a full length coding sequence or by
any portion of the coding sequence so long as the desired activity or functional properties
(e.g., enzymatic activity, ligand binding, signal transduction, immunogenicity, etc.) of the
full-length or fragment are retained. The term also encompasses the coding region of a
structural gene and the sequences located adjacent to the coding region on both the 5' and
3' ends for a distance of about 1 kb or more on either end such that the gene corresponds
to the length of the full-length mRNA. Sequences located 5' of the coding region and
present on the mRNA are referred to as 5' non-translated sequences. Sequences located 3'
or downstream of the coding region and present on the mRNA are referred to as 3' non-
translated sequences. The term "gene" encompasses both cDNA and genomic forms of a
gene. A genomic form or clone of a gene contains the coding region interrupted with
non-coding sequences termed "introns" or "intervening regions" or "intervening
sequences." Introns are segments of a gene that are transcribed into nuclear RNA
(hnRNA); introns may contain regulatory elements such as enhancers. Introns are
removed or "spliced out" from the nuclear or primary transcript; introns therefore are
absent in the messenger RNA (mRNA) transcript. The mRNA functions during
translation to specify the sequence or order of amino acids in a nascent polypeptide.

As used herein, the term "heterologous gene" refers to a gene that is not in its
natural environment. For example, a heterologous gene includes a gene from one species
introduced into another species. A heterologous gene also includes a gene native to an
organism that has been altered in some way (e.g., mutated, added in multiple copies,
linked to non-native regulatory sequences, etc). Heterologous genes are distinguished
from endogenous genes in that the heterologous gene sequences are typically joined to
DNA sequences that are not found naturally associated with the gene sequences in the
chromosome or are associated with portions of the chromosome not found in nature (e.g.,
genes expressed in loci where the gene is not normally expressed).

As used herein, the term "gene expression" refers to the process of converting
genetic information encoded in a gene into RNA (e.g., mRNA, rRNA, tRNA, or snRNA)

through "transcription” of the gene (i.e., via the enzymatic action of an RNA
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polymerase), and for protein encoding genes, into protein through "translation" of
mRNA. Gene expression can be regulated at many stages in the process. "Up-
regulation” or "activation" refers to regulation that increases the production of gene
expression products (i.e., RNA or protein), while "down-regulation" or "repression"
refers to regulation that decrease production. Molecules (e.g., transcription factors) that
are involved in up-regulation or down-regulation are often called "activators" and
"repressors," respectively.

In addition to containing introns, genomic forms of a gene may also include
sequences located on both the 5' and 3' end of the sequences that are present on the RNA
transcript. These sequences are referred to as "flanking" sequences or regions (these
flanking sequences are located 5' or 3' to the non-translated sequences present on the
mRNA transcript). The 5' flanking region may contain regulatory sequences such as
promoters and enhancers that control or influence the transcription of the gene. The 3'
flanking region may contain sequences that direct the termination of transcription,
post-transcriptional cleavage and polyadenylation.

The term "\;vild-type" refers to a gene or gene product isolated from a naturally
occurring source. A wild-type gene is that which is most frequently observed in a
population and is thus arbitrarily designed the "normal" or "wild-type" form of the gene.
In contrast, the term "modified" or "mutant" refers to a gene or gene product that displays
modifications in sequence and or functional properties (i.e., altered characteristics) when
compared to the wild-type gene or gene product. It is noted that naturally occurring
mutants can be isolated; these are identified by the fact that they have altered
characteristics (including altered nucleic acid sequences) when compared to the wild-type
gene or gene product.

As used herein, the terms "nucleic acid molecule encoding," "DNA sequence
encoding," and "DNA encoding" refer to the order or sequence of deoxyribonucleotides
along a strand of deoxyribonucleic acid. The order of these deoxyribonucleotides
determines the order of amino acids along the polypeptide (protein) chain. The DNA
sequence thus codes for the amino acid sequence.

As used herein, the terms "an oligonucleotide having a nucleotide sequence

encoding a gene" and "polynucleotide having a nucleotide sequence encoding a gene,"
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means a nucleic acid sequence comprising the coding region of a gene or in other words
the nucleic acid sequence that encodes a gene product. The coding region may be present
in a cDNA, genomic DNA or RNA form. When present in a DNA form, the
oligonucleotide or polynucleotide may be single-stranded (i.e., the sense strand) or
double-stranded. Suitable control elements such as enhancers/promoters, splice
junctions, polyadenylation signals, etc. may be placed in close proximity to the coding
region of the gene if needed to permit proper initiation of transcription and/or correct
processing of the primary RNA transcript. Alternatively, the coding region utilized in the
expression vectors of the present invention may contain endogenous
enhancers/promoters, splice junctions, intervening sequences, polyadenylation signals,
etc. or a combination of both endogenous and exogenous control elements.

As used herein, the term "oligonucleotide," refers to a short length of single-
stranded polynucleotide chain. Oligonucleotides are typically less than 200 residues long
(e.g., between 15 and 100), however, as used herein, the term is also intended to
encompass longer polynucleotide chains. Oligonucleotides are often referred to by their
length. For example a 24 residue oligonucleotide is referred to as a "24-mer".
Oligonucleotides can form secondary and tertiary structures by self-hybridizing or by
hybridizing to other polynucleotides. Such structures can include, but are not limited to,
duplexes, hairpins, cruciforms, bends, and triplexes.

As used herein, the terms "complementary" or "complementarity" are used in
reference to polynucleotides (i.e., a sequence of nucleotides) related by the base-pairing
rules. For example, for the sequence "A-G-T," is complementary to the sequence "T-C-
A." Complementarity may be "partial," in which only some of the nucleic acids' bases are
matched according to the base pairing rules. Or, there may be "complete" or "total"
complementarity between the nucleic acids. The degree of complementarity between
nucleic acid strands has significant effects on the efficiency and strength of hybridization
between nucleic acid strands. This is of particular importance in amplification reactions,
as well as detection methods that depend upon binding between nucleic acids. .

The term "homology" refers to a degree of complementarity. There may be
partial homology or complete homology (i.e., identity). A partially complementary

sequence is a nucleic acid molecule that at least partially inhibits a completely
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complementary nucleic acid molecule from hybridizing to a target nucleic acid is
"substantially homologous." The inhibition of hybridization of the completely
complementary sequence to the target sequence may be examined using a hybridization
assay (Southern or Northern blot, solution hybridization and the like) under conditions of
low stringency. A substantially homologous sequence or probe will compete for and
inhibit the binding (i.e., the hybridization) of a completely homologous nucleic acid
molecule to a target under conditions of low stringency. This is not to say that conditions
of low stringency are such that non-specific binding is permitted; low stringency
conditions require that the binding of two sequences to one another be a specific (i.e.,
selective) interaction. The absence of non-specific binding may be tested by the use of a
second target that is substantially non-complementary (e.g., less than about 30%
identity); in the absence of non-specific binding the probe will not hybridize to the
second non-complementary target.

When used in reference to a double-stranded nucleic acid sequence such as a
c¢DNA or genomic clone, the term "substantially homologous" refers to any probe that
can hybridize to either or both strands of the double-stranded nucleic acid sequence under
conditions of low stringency as described above.

A gene may produce multiple RNA species that are generated by differential
splicing of the primary RNA transcript. cDNAs that are splice variants of the same gene
will contain regions of sequence identity or complete homology (representing the
presence of the same exon or portion of the same exon on both cDNAs) and regions of
complete non-identity (for example, representing the presence of exon "A" on cDNA 1
wherein cDNA 2 contains exon "B" instead). Because the two cDNAs contain regions of
sequence identity they will both hybridize to a probe derived from the entire gene or
portions of the gene containing sequences found on both cDNAs; the two splice variants
are therefore substantially homologous to such a probe and to each other.

When used in reference to a single-stranded nucleic acid sequence, the term
"substantially homologous" refers to any probe that can hybridize (i.e., it is the
complement of) the single-stranded nucleic acid sequence under conditions of low

stringency as described above.
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As used herein, the term "hybridization" is used in reference to the pairing of
complementary nucleic acids. Hybridization and the strength of hybridization (i.e., the
strength of the association between the nucleic acids) is impacted by such factors as the
degree of complementary between the nucleic acids, stringency of the conditions

involved, the Ty, of the formed hybrid, and the G:C ratio within the nucleic acids. A

single molecule that contains pairing of complementary nucleic acids within its structure
is said to be "self-hybridized."

As used herein, the term "Ty," is used in reference to the "melting temperature."

The melting temperature is the temperature at which a population of double-stranded
nucleic acid molecules becomes half dissociated into single strands. The equation for

calculating the Ty, of nucleic acids is well known in the art. As indicated by standard
references, a simple estimate of the Ty, value may be calculated by the equation: Ty, =

81.5 +0.41(% G + C), when a nucleic acid is in aqueous solution at 1 M NacCl (See e.g.,
Anderson and Young, Quantitative Filter Hybridization, in Nucleic Acid Hybridization
[1985]). Other references include more sophisticated computations that take structural as

well as sequence characteristics into account for the calculation of Tyy.

As used herein the term "stringency"” is used in reference to the conditions of
temperature, ionic strength, and the presence of other compounds such as organic
solvents, under which nucleic acid hybridizations are conducted. Under "low stringency
conditions" a nucleic acid sequence of interest will hybridize to its exact complement,
sequences with single base mismatches, closely related sequences (e.g., sequences with
90% or greater homology), and sequences having only partial homology (e.g., sequences
with 50-90% homology). Under 'medium stringency conditions," a nucleic acid sequence
of interest will hybridize only to its exact complement, sequences with single base
mismatches, and closely relation sequences (e.g., 90% or greater homology). Under
"high stringency conditions," a nucleic acid sequence of interest will hybridize only to its
exact complement, and (depending on conditions such a temperature) sequences with
single base mismatches. In other words, under conditions of high stringency the
temperature can be raised so as to exclude hybridization to sequences with single base

mismatches.
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"High stringency conditions" when used in reference to nucleic acid hybridization
comprise conditions equivalent to binding or hybridization at 42°C in a solution
consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH»PO4 H»O and 1.85 g/l EDTA, pH

adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 pg/ml denatured
salmon sperm DNA followed by washing in a solution comprising 0.1X SSPE, 1.0% SDS
at 42°C when a probe of about 500 nucleotides in length is employed.

"Medium stringency conditions" when used in reference to nucleic acid
hybridization comprise conditions equivalent to binding or hybridization at 42°C in a
solution consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/l NaH>PO4 H7O and 1.85 g/1

EDTA, pH adjusted to 7.4 with NaOH), 0.5% SDS, 5X Denhardt's reagent and 100 pg/ml
denatured salmon sperm DNA followed by washing in a solution comprising 1.0X SSPE,
1.0% SDS at 42°C when a probe of about 500 nucleotides in length is employed.

"Low stringency conditions" comprise conditions equivalent to binding or
hybridization at 42°C in a solution consisting of 5X SSPE (43.8 g/l NaCl, 6.9 g/1
NaH,PO4 HpO and 1.85 g/l EDTA, pH adjusted to 7.4 with NaOH), 0.1% SDS, 5X

Denhardt's reagent [50X Denhardt's contains per 500 ml: 5 g Ficoll (Type 400,
Pharamcia), 5 g BSA (Fraction V; Sigma)] and 100 pg/ml denatured salmon sperm DNA
followed by washing in a solution comprising 5X SSPE, 0.1% SDS at 42°C when a probe
of about 500 nucleotides in length is employed.

The art knows well that numerous equivalent conditions may be employed to
comprise low stringency conditions; factors such as the length and nature (DNA, RNA,
base composition) of the probe and nature of the target (DNA, RNA, base composition,
present in solution or immobilized, etc.) and the concentration of the salts and other
components (e.g., the presence or absence of formamide, dextran sulfate, polyethylene
glycol) are considered and the hybridization solution may be varied to generate
conditions of low stringency hybridization different from, but equivalent to, the above
listed conditions. In addition, the art knows conditions that promote hybridization under
conditions of high stringency (e.g., increasing the temperature of the hybridization and/or
wash steps, the use of formamide in the hybridization solution, etc.) (see definition above

for "stringency").
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"Amplification" is a special case of nucleic acid replication involving template
specificity. It is to be contrasted with non-specific template replication (i.e., replication
that is template-dependent but not dependent on a specific template). Template
specificity is here distinguished from fidelity of replication (i.e., synthesis of the proper
polynucleotide sequence) and nucleotide (ribo- or deoxyribo-) specificity. Template
specificity is frequently described in terms of "target" specificity. Target sequences are
"targets" in the sense that they are sought to be sorted out from other nucleic acid.
Amplification techniques have been designed primarily for this sorting out.

Template specificity is achieved in most amplification techniques by the choice of
enzyme. Amplification enzymes are enzymes that, under conditions they are used, will
process only specific sequences of nucleic acid in a heterogeneous mixture of nucleic
acid. For example, in the case of Qf replicase, MDV-1 RNA is the specific template for
the replicase (Kacian et al., Proc. Natl. Acad. Sci. USA 69:3038 [1972]). Other nucleic
acids will not be replicated by this amplification enzyme. Similarly, in the case of T7
RNA polymerase, this amplification enzyme has a stringent specificity for its own
promoters (Chamberlin et al., Nature 228:227 [1970]). In the case of T4 DNA ligase, the '
enzyme will not ligate the two oligonucleotides or polynucleotides, where there is a
mismatch between the oligonucleotide or polynucleotide substrate and the template at the
ligation junction (Wu and Wallace, Genomics 4:560 [1989]). Finally, Taq and Pfu
polymerases, by virtue of their ability to function at high temperature, are found to
display high specificity for the sequences bounded and thus defined by the primers; the
high temperature results in thermodynamic conditions that favor primer hybridization
with the target sequences and not hybridization with non-target sequences (H.A. Erlich
(ed.), PCR Technology, Stockton Press [1989]).

As used herein, the term "amplifiable nucleic acid" is used in reference to nucleic
acids that may be amplified by any amplification method. It is contemplated that
"amplifiable nucleic acid" will usually comprise "sample template."

As used herein, the term "sample template" refers to nucleic acid originating from
a sample that is analyzed for the presence of "target." In contrast, "background template"
is used in reference to nucleic acid other than sample template that may or may not be

present in a sample. Background template is most often inadvertent. It may be the result
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of carryover, or it may be due to the presence of nucleic acid contaminants sought to be
purified away from the sample. For example, nucleic acids from organisms other than
those to be detected may be present as background in a test sample.

As used herein, the term "primer" refers to an oligonucleotide, whether occurring
naturally as in a purified restriction digest or produced synthetically, that is capable of
acting as a point of initiation of synthesis when placed under conditions in which
synthesis of a primer extension product that is complementary to a nucleic acid strand is
induced, (i.e., in the presence of nucleotides and an inducing agent such as DNA
polymerase and at a suitable temperature and pH). The primer is preferably single
stranded for maximum efficiency in amplification, but may alternatively be double
stranded. If double stranded, the primer is first treated to separate its strands before being
used to prepare extension products. Preferably, the primer is an
oligodeoxyribonucleotide. The primer must be sufficiently long to prime the synthesis of
extension products in the presence of the inducing agent. The exact lengths of the
primers will depend on many factors, including temperature, source of primer and the use
of the method.

As used herein, the term "probe" refers to an oligonucleotide (i.e., a sequence of
nucleotides), whether occurring naturally as in a purified restriction digest or produced
synthetically, recombinantly or by PCR ampliﬁéation, that is capable of hybridizing to at
least a portion of another oligonucleotide of interest. A probe may be single-stranded or
double-stranded. Probes are usefiil in the detection, identification and isolation of
particular gene sequences. It is contemplated that any probe used in the bresent invention
will be labeled with any "reporter molecule," so that is detectable in any detection
system, including, but not limited to enzyme (e.g., ELISA, as well as enzyme-based
histochemical assays), fluorescent, radioactive, and luminescent systems. It is not
intended that the present invention be limited to any particular detection system or label.

As used herein the term "portion" when in reference to a nucleotide sequence (as
in "a portion of a given nucleotide sequence") refers to fragments of that sequence. The
fragments may range in size from four nucleotides to the entire nucleotide sequence

minus one nucleotide (10 nucleotides, 20, 30, 40, 50, 100, 200, etc.).
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As used herein, the term "target," refers to the region of nucleic acid bounded by
the primers. Thus, the "target" is sought to be sorted out from other nucleic acid
sequences. A "segment" is defined as a region of nucleic acid within the target sequence.

As used herein, the term "polymerase chain reaction" ("PCR") refers to the
method of K.B. Mullis U.S. Patent Nos. 4,683,195 4,683,202, and 4,965,188, hereby
incorporated by reference, which describe a method for increasing the concentration of a
segment of a target sequence in a mixture of genomic DNA without cloning or |
purification. This process for amplifying the target sequence consists of introducing a
large excess of two oligonucleotide primers to the DNA mixture containing the desired
target sequence, followed by a precise sequence of thermal cycling in the presence of a
DNA polymerase. The two primers are complementary to their respective strands of the
double stranded target sequence. To effect amplification, the mixture is denatured and
the primers then annealed to their complementary sequences within the target molecule.
Following annealing, the primers are extended with a polymerase so as to form a new
pair of complementary strands. The steps of denaturation, primer annealing and
polymerase extension can be repeated many times (i.e., denaturation, annealing and
extension constitute one "cycle"; there can be numerous "cycles") to obtain a high
concentration of an amplified segment of the desired target sequence. The length of the
amplified segment of the desired target sequence is determined by the relative positions
of the primers with respect to each other, and therefore, this length is a controllable
parameter. By virtue of the repeating aspect of the process, the method is referred to as
the "polymerase chain reaction" (hereinafter "PCR"). Because the desired amplified
segments of the target sequence become the predominant sequences (in terms of
concentration) in the mixture, they are said to be "PCR amplified".

With PCR, it is possible to amplify a single copy of a specific target sequence in
genomic DNA to a level detectable by several different methodologies (e.g.,

hybridization with a labeled probe; incorporation of biotinylated primers followed by

avidin-enzyme conjugate detection; incorporation of 32p.jabeled deoxynucleotide
triphosphates, such as dCTP or dATP, into the amplified segment). In addition to
genomic DNA, any oligonucleotide or polynucleotide sequence can be amplified with the

appropriate set of primer molecules. In particular, the amplified segments created by the
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PCR process are, themselves, efficient templates for subsequent PCR amplifications.

As used herein, the terms "PCR product,” "PCR fragment," and "amplification
product” refer to the resultant mixture of compounds after two or more cycles of the PCR
steps of denaturation, annealing and extension are complete. These terms encompass the
case where there has been amplification of one or more segments of one or more target
sequences.

As used herein, the term "amplification reagents" refers to those reagents
(deoxyribonucleotide triphosphates, buffer, etc.), needed for amplification except for
primers, nucleic acid template and the amplification enzyme. Typically, ampliﬁcatidn
reagents along with other reaction components are placed and contained in a reaction
vessel (test tube, microwell, etc.). 4

As used herein, the terms "restriction endonucleases" and "restriction enzymes"
refer to bacterial enzymes, each of which cut double-stranded DNA at or near a specific
nucleotide sequence.

The terms "in operable combination," "in operable order," and "operably linked"
as used herein refer to the linkage of nucleic acid sequences in such a manner that a
nucleic acid molecule capable of directing the transcription of a given gene and/or the
synthesis of a desired protein molecule is produced. The term also refers to the linkage
of amino acid sequences in such a manner so that a functional protein is produced.

The term "isolated" when used in relation to a nucleic acid, as in "an isolated
oligonucleotide" or "isolated polynucleotide" refers to a nucleic acid sequence that is
identified and separated from at least one component or contaminant with which it is
ordinarily associated in its natural source. Isolated nucleic acid is such present in a form
or setting that is different from that in which it is found in nature. In contrast, non-
isolated nucleic acids as nucleic acids such as DNA and RNA found in the state they exist
in nature. For example, a given DNA sequence (e.g., a gene) is found on the host cell
chromosome in proximity to neighboring genes; RNA sequences, such as a specific
mRNA sequence encoding a specific protein, are found in the cell as a mixture with
numerous other mRNAs that encode a multitude of proteins. However, isolated nucleic
acid encoding a given protein includes, by way of example, such nucleic acid in cells

ordinarily expressing the given protein where the nucleic acid is in a chromosomal
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location different from that of natural cells, or is otherwise flanked by a different nucleic
acid sequence than that found in nature. The isolated nucleic acid, oligonucleotide, or
polynucleotide may be present in single-stranded or double-stranded form. When an
isolated nucleic acid, oligonucleotide or polynucleotide is to be utilized to express a
protein, the oligonucleotide or polynucleotide will contain at a minimum the sense or
coding strand (i.e., the oligonucleotide or polynucleotide may be single-stranded), but
may contain both the sense and anti-sense strands (i.e., the oligonucleotide or
polynucleotide may be double-stranded).

As used herein, the term "purified" or "to purify" refers to the removal of
components (e.g., contaminants) from a sample. For example, antibodies are purified by
removal of contaminating non-immunoglobulin proteins; they are also purified by the
removal of immunoglobulin that does not bind to the target molecule. The removal of
non-immunoglobulin proteins and/or the removal of immunoglobuliné that do not bind to
the target molecule results in an increase in the percent of target-reactive
immunoglobulins in the sample. In another example, recombinant polypeptides are |
expressed in bacterial host cells and the polypeptides are purified by the removal of host
cell proteins; the percent of recombinant polypeptides is thereby increased in the sample.

" Amino acid sequence" and terms such as "polypeptide" or "protein" are not
meant to limit the amino acid sequence to the complete, native amino acid sequence
associated with the recited protein molecule.

The term "native protein" as used herein to indicate that a protein does not contain
amino acid residues encoded by vector sequences; that is, the native protein contains only
those amino acids found in the protein as it occurs in nature. A native protein may be
produced by recombinant means or may be isolated from a naturally occurring source.

As used herein the term "portion" when in reference to a protein (as in "a portion
of a given protein") refers to fragments of that protein. The fragments may range in size
from four amino acid residues to the entire amino acid sequence minus one amino acid.

The term "Southern blot," refers to the analysis of DNA on agarose or acrylamide
gels to fractionate the DNA according to size followed by transfer of the DNA from the
gel to a solid support, such as nitrocellulose or a nylon membrane. The immobilized

DNA is then probed with a labeled probe to detect DNA species complementary to the
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probe used. The DNA may be cleaved with restriction enzymes prior to electrophoresis.
Following electrophoresis, the DNA may be partially depurinated and denatured prior to
or during transfer to the solid support. Southern blots are a standard tool of molecular
biologists (J. Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Press, NY, pp 9.31-9.58 [1989]).

The term "Northern blot," as used herein refers to the analysis of RNA by
electrophoresis of RNA on agarose gels to fractionate the RNA according to size
followed by transfer of the RNA from the gel to a solid support, such as nitrocellulose or
a nylon membrane. The immobilized RNA is then probed with a labeled probe to detect
RNA species complementary to the probe used. Northern blots are a standard tool of
molecular biologists (J. Sambrook, et al., supra, pp 7.39-7.52 [1989]).

The term "Western blot" refers to the analysis of protein(s) (or polypeptides)
immobilized onto a support such as nitrocellulose or a membrane. The proteins are run
on acrylamide gels to separate the proteins, followed by transfer of the protein from the
gel to a solid support, such as nitrocellulose or a nylon membrane. The immobilized
proteins are then exposed to antibodies with reactivity against an antigen of interest. The
binding of the antibodies may be detected by various methods, including the use of
radiolabeled antibodies.

The term "transgene" as used herein refers to a foreign gene that is placed into an
organism by, for example, introducing the foreign gene into newly fertilized eggs or early
embryos. The term "foreign gene" refers to any nucleic acid (e.g., gene sequence) that is
introduced into the genome of an animal by experimental manipulations and may include
gene sequences found in that animal so long as the introduced gene does not reside in the
same location as does the naturally occurring gene.

As used herein, the term "vector" is used in reference to nucleic acid molecules
that transfer DNA segment(s) from one cell to another. The term "vehicle" is sometimes
used interchangeably with "vector." Vectors are often derived from plasmids,
bacteriophages, or plant or animal viruses.

The term "expression vector" as used herein refers to a recombinant DNA
molecule containing a desired coding sequence and appropriate nucleic acid sequences

necessary for the expression of the operably linked coding sequence in a particular host
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organism. Nucleic acid sequences necessary for expression in prokaryotes usually
include a promoter, an operator (optional), and a ribosome binding site, often along with
other sequences. Eukaryotic cells are known to utilize promoters, enhancers, and
termination and polyadenylation signals.

The terms "overexpression" and "overexpressing" and grammatical equivalents,
are used in reference to levels of mRNA to indicate a level of expression approximately
3-fold higher (or greater) than that observed in a given tissue in a control or non-
transgenic animal. Levels of mRNA are measured using any of a number of techniques
known to those skilled in the art including, but not limited to Northern blot analysis.
Appropriate controls are included on the Northern blot to control for differences in the
amount of RNA loaded from each tissue analyzed (e.g., the amount of 28S rRNA, an
abundant RNA transcript present at essentially the same amount in all tissues, present in
each sample can be used as a means of normalizing or standardizing the mRNA-specific
signal observed on Northern blots). The amount of mRNA present in the band
corresponding in size to the correctly spliced transgene RNA is quantified; other minor
species of RNA which hybridize to the transgene probe are not considered in the
quantification of the expression of the transgenic mRNA.

The term "transfection" as used herein refers to the introduction of foreign DNA
into eukaryotic cells. Transfection may be accomplished by a variety of means known to
the art including calcium phosphate-DNA co-precipitation, DEAE-dextran-mediated
transfection, polybrene-mediated transfection, electroporation, microinjection, liposome '
fusion, lipofection, protoplast fusion, retroviral infection, and biolistics.

The term "calcium phosphate co-precipitation” refers to a technique for the
introduction of nucleic acids into a cell. The uptake of nucleic acids by cells is enhanced
when the nucleic acid is presented as a calcium phosphate-nucleic acid co-precipitate.
The original technique of Graham and van der Eb (Graham and van der Eb, Virol.,
52:456 [1973]), has been modified by several groups to optimize conditions for particular
types of cells. The art is well aware of these numerous modifications.

The term "stable transfection" or "stably transfected" refers to the introduction

and integration of foreign DNA into the genome of the transfected cell. The term "stable
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transfectant" refers to a cell that has stably integrated foreign DNA into the genomic
DNA.

The term "transient transfection” or "transiently transfected" refers to the
introduction of foreign DNA into a cell where the foreign DNA fails to integrate into the
genome of the transfected cell. The foreign DNA persists in the nucleus of the
transfected cell for several days. During this time the foreign DNA is subject to the
regulatory controls that govern the expression of endogenous genes in the chromosomes.
The term "transient transfectant” refers to cells that have taken up foreign DNA but have
failed to integrate this DNA.

As used herein, the term "selectable marker" refers to the use of a gene that
encodes an enzymatic activity that confers the ability to grow in medium lacking what
would otherwise be an essential nutrient (e.g. the HIS3 gene in yeast cells); in addition, a
selectable marker may confer resistance to an antibiotic or drug upon the cell in which
the selectable marker is expressed. Selectable markers may be "dominant"; a dominant
selectable marker encodes an enzymatic activity that can be detected in any eukaryotic
cell line. Examples of dominant selectable markers include the bacterial aminoglycoside
3' phosphotransferase gene (also referred to as the neo gene) that confers resistance to the
drug G418 in mammalian cells, the bacterial hygromycin G phosphotransferase (hyg)
gene that confers resistance to the antibiotic hygromycin and the bacterial xanthine-
guanine phosphoribosyl transferase gene (also referred to as the gpt gene) that confers the
ability to grow in the presence of mycophenolic acid. Other selectable markers are not
dominant in that their use must be in conjunction with a cell line that lacks the relevant

enzyme activity. Examples of non-dominant selectable markers include the thymidine

kinase (tk) gene that is used in conjunction with tk - cell lines, the CAD gene that is used

in conjunction with CAD-deficient cells and the mammalian hypoxanthine-guanine

phosphoribosyl transferase (hprt) gene that is used in conjunction with hprt - cell lines. A
review of the use of selectable markers in mammalian cell lines is provided in Sambrook,
J. et al., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor
Laboratory Press, New York (1989) pp.16.9-16.15.

As used herein, the term "cell culture" refers to any in vitro culture of cells.

Included within this term are continuous cell lines (e.g., with an immortal phenotype),
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primary cell cultures, transformed cell lines, finite cell lines (e.g., non-transformed cells),
and any other cell population maintained in vitro.

As used, the term "eukaryote" refers to organisms distinguishable from
"prokaryotes." It is intended that the term encompass all organisms with cells that exhibit
the usual characteristics of eukaryotes, such as the presence of a true nucleus bounded by
a nuclear membrane, within which lie the chromosomes, the presence of membrane-
bound organelles, and other characteristics commonly observed in eukaryotic organisms.
Thus, the term includes, but is not limited to such organisms as fungi, protozoa, and
animals (e.g., humans).

As used herein, the term "in vitro" refers to an artificial environment and to
processes or reactions that occur within an artificial environment. In vitro environments
can consist of, but are not limited to, test tubes and cell culture. The term "in vivo" refers
to the natural environment (e.g., an animal or a cell) and to processes or reaction that
occur within a natural environment.

The terms "test compound" and "candidate compound" refer to any chemical
entity, pharmaceutical, drug, and the like that is a candidate for use to treat or prevent a
disease, illness, sickness, or disorder of bodily function (e.g., cancer). Test compounds
comprise both known and potential therapeutic compounds. A test compound can be
determined to be therapeutic by screening using the screening methods of the present
invention. In some embodiments of the present invention, test compounds include
antisense compounds.

As used herein, the term "sample" is used in its broadest sense. In one sense, it is
meant to include a specimen or culture obtained from any source, as well as biological
and environmental samples. Biological samples may be obtained from animals
(including humans) and encompass fluids, solids, tissues, and gases. Biological samples
include blood products, such as plasma, serum and the like. Environmental samples
include environmental material such as surface matter, soil, water, crystals and industrial
samples. Such examples are not however to be construed as limiting the sample types

applicable to the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to compositions and methods for cancer diagnostics,
including but not limited to, cancer markers. In particular, the present invention provides
gene expression profiles associated with prostate cancers. Accordingly, the present
invention provides method of characterizing prostate tissues, kits for the detection of

markers, as well as drug screening and therapeutic applications.

L Markers for Prostate Cancer
The present invention provides markers whose expression is specifically altered in
cancerous prostate tissues. Such markers find use in the diagnosis and characterization of

prostate cancer.

A. Identification of Markers

Experiments conducted during the development of the present invention resulted
in the identification of genes whose expression level was altered (e.g., increased or
decreased) in PCA. The methods utilized glass slide cDNA microarrays that included
approximately 5000 known, named genes, 4400 ESTs, and 500 control elements, as well
as normal and cancerous prostate tissue. Differentially expressed genes were divided into
functional clusters. The expression of relevant genes was confirmed using Western blot
analysis. Protein expression in prostate tissues was measured for several genes of
interest.

The methods of the present invention (See e.g., Example 2) were used to identify
clusters of genes that were up or down regulated in PCA, benign prostate tissue, pre-
cancerous tissue, and normal prostate. From these clusters, two genes, hepsin and pim-1
were identified as genes that were of particular relevance. Immunohistochemistry (See
e.g., Example 4) was used to characterize the presence of hepsin and pim-1 proteins in
prostate tissue. Hepsin was found to stain strongly in pre-cancerous tissue (HG-PIN). In
addition, hepsin was found to stain less strongly in PCA tissues of men found to have an
increased risk of metastasis as measured by PSA failure (increased PSA following
surgery), thus confirming the diagnostic utility of hepsin. In addition, deceased

expression of pim-1 in PCA tissue was also found to be associated with increased risk of
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PSA failure. Accordingly, in some embodiments, the present invention provides methods
of detecting and characterizing prostate tissues.

The methods of the present invention identified a further gene alpha-methyl-CoA
racemase (AMACR) that was found to be expressed in PCA, butnot benign prostate
tissue (See e.g., Example 5). AMACR was found to be present in the serum and urine of
prostate or bladder cancer patients. In addition, a humoral response to AMACR was
identified. In still further embodiments, the methods of the present invention were used
to characterize the EZH2 gene. EZH2 was found to be up-regulated in metastatic
prostate cancer. The inhibition of EZH2 expression in prostate cells inhibited cell
proliferation in vitro, as well as inducing transcriptional repression of a variety of genes.
The methods of the present invention further identified CtBP1 and CTBP2, as well as that
GP73 as being over-expressed in metastatic prostate cancer relative to localized prostate
cancer and benign tissue.

In still further embodiments, the methods of the present invention identified
annexins 1, 2, 4, 7 and 11 as being significantly decreased in hormone refractory PCA
when compared to localized hormone naive Pca. Tissue microarray analysis revealed a
significant decrease in protein expression for annexins 1, 2, 4, 7 and 11 in hormone
refractory PCA as compared to localized Pca. No significant differences were detected

between the clinically localized PCA and non-cancerous prostate tissues.

B. Detection of Markers

In some embodiments, the present invention provides methods for detection of
expression of cancer markers (e.g., prostate cancer markers). In preferred embodiments,
expression is measured directly (e.g., at the RNA or protein level). In some
embodiments, expression is detected in tissue samples (e.g., biopsy tissue). In other
embodiments, expression is detected in bodily fluids (e.g., including but not limited to,
plasma, serum, whole blood, mucus, and urine). The present invention further provides
panels and kits for the detection of markers. In preferred embodiments, the presence of a
cancer marker is used to provide a prognosis to a subject. For example, the detection of
hepsin or pim-1 in prostate tissues is indicative of a cancer that is likely to metastasize

and the expression of hepsin is indicative of a pre-cancerous tissue that is likely to

49



10

15

20

25

30

WO 03/012067 PCT/US02/24567

become cancerous. In addition, the expression of AMACR is indicative of cancerous
tissue. The information provided is also used to direct the course of treatment. For
example, if a subject is found to have a marker indicative of a highly metastasizing
tumor, additional therapies (e.g., hormonal or radiation therapies) can be started at a
earlier point when they are more likely to be effective (e.g., before metastasis). In
addition, if a subject is found to have a tumor that is not responsive to hormonal therapy,
the expense and inconvenience of such therapies can be avoided.

The present invention is not limited to the markers described above. Any suitable
marker that correlates with cancer or the progression of cancer may be utilized, including
but not limited to, those described in the illustrative examples below (e.g., FKBPS,
FASN, FOLH1, TNFSF10, PCM1, S100A11, IGFBP3, SLUG, GSTM3, ATF2, RABSA,
IL1R2, ITGB4, CCND2, EDNRB, APP, THROMBOSPONDIN 1, ANNEXIN Al,
EPHA1, NCK1, MAPKS6, SGK, HEVIN, MEIS2, MYLK, FZD7, CAVEOLIN 2,
'fACCl, ARHB, PSG9, GSTM1, KERATIN 5, TIMP2, GELSOLIN, ITM2C, GSTMS,
VINCULIN, FHL1, GSTP1, MEIS1, ETS2, PPP2CB, CATHEPSIN B, CATHEPSIN H,
COL1A2, RIG, VIMENTIN, MOESIN, MCAM, FIBRONECTIN 1, NBL1, ANNEXIN
A4, ANEXIN All, ILIR1, IGFBP5, CYSTATIN C, COL15A1, ADAMTS], SKI,
EGRI1, FOSB, CFLAR, JUN, YWHAB, NRAS, C7, SCYA2, ITGA1, LUMICAN, C18,
C4BPA, COL3A1, FAT, MMECD10, CLUSTERIN, PLA2G2A, MADb4, SEPP1,
RAB2, PP1CB, MPDZ, PRKCL2, CTBP1, CTBP2, MAP3K10, TBXA2F, MTAl,
RAP2, TRAP1, TFCP2, E2EPF, UBCH10, TASTIN, EZH2, FLS353, MYBL2, LIMK1,
GP73, VAV2, TOP2A, ASNS, CTBP, AMACR, ABCCS5 (MDRS5), and TRAF4.
Additional markers are also contemplated to be within the scope of the present invention.
Any suitable method may be utilized to identify and characterize cancer markers suitable
for use in the methods of the present invention, including but not limited to, those
described in illustrative Examples 1-15 below. For example, in some embodiments,
markers identified as being up or down-regulated in PCA using the gene expression
microarray methods of the present invention are further characterized using tissue
microarray, immunohistochemistry, Northern blot analysis, sSiRNA or antisense RNA
inhibition, mutation analysis, investigation of expression with clinical outcome, as well as

other methods disclosed herein.
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In some embodiments, the present invention provides a panel for the analysis of a
plurality of markers. The panel allows for the simultaneous analysis of multiple markers
correlating with carcinogenesis and/or metastasis. For example, a panel may include
markers identified as correlating with cancerous tissue, metastatic cancer, localized
cancer that is likely to metastasize, pre-cancerous tissue that is likely to become
cancerous, and pre-cancerous tissue that is not likely to become cancerous. Depending
on the subject, panels may be analyzed alone or in combination in order to provide the
best possible diagnosis and prognosis. Markers for inclusion on a panel are selected by
screening for their predictive value using any suitable method, including but not limited
to, those described in the illustrative examples below.

In other embodiments, the present invention provides an expression profile map
comprising expression profiles of cancers of various stages or prognoses (e.g., likelihood
of future metastasis). Such maps can be used for comparison with patient samples. In
some embodiments comparisons are made using the method described in Example 2.
However, the present invention is not limited to the method described in Example 2. Any
suitable method may be utilized, including but not limited to, by computer comparison of
digitized data. The comparison data is used to provide diagnoses and/or prognoses to

patients.

1. Detection of RNA

In some preferred embodiments, detection of prostate cancer markers (e.g.,
including but not limited to, those disclosed herein) is detected by measuring the
expression of corresponding mRNA in a tissue sample (e.g., prostate tissue). mRNA
expression may be measured by any suitable method, including but not limited to, those
disclosed below.

In some embodiments, RNA is detection by Northern blot analysis. Northern blot
analysis involves the separation of RNA and hybridization of a complementary labeled
probe. An exemplary method for Northern blot analysis is provided in Example 3.

In other embodiments, RNA expression is detected by enzymatic cleavage of
specific structures (INVADER assay, Third Wave Technologies; See e.g., U.S. Patent
Nos. 5,846,717, 6,090,543; 6,001,567; 5,985,557; and 5,994,069; each of which is herein
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incorporated by reference). The INVADER assay detects specific nucleic acid (e.g.,
RNA) sequences by using structure-specific enzymes to cleave a complex formed by the
hybridization of overlapping oligonucleotide probes.

In still further embodiments, RNA (or corresponding cDNA) is detected by
hybridization to a oligonucleotide probe). A variety of hybridization assays using a
variety of technologies for hybridization and detection are available. For example, in
some embodiments, TagMan assay (PE Biosystems, Foster City, CA; See e.g., U.S.
Patent Nos. 5,962,233 and 5,538,848, each of which is herein incorporated by reference)
is utilized. The assay is performed during a PCR reaction. The TagMan assay exploits
the 5'-3' exonuclease activity of the AMPLITAQ GOLD DNA polymerase. A probe
consisting of an oligonucleotide with a 5'-reporter dye (e.g., a fluorescent dye) and a 3'-
quencher dye is included in the PCR reaction. During PCR, if the probe is bound to its
target, the 5'-3' nucleolytic activity of the AMPLITAQ GOLD polymerase cleaves the
probe between the reporter and the quencher dye. The separation of the reporter dye
from the quencher dye results in an increase of fluorescence. The signal accumulates
with each cycle of PCR and can be monitored with a fluorimeter.

In yet other embodiments, reverse-transcriptase PCR (RT-PCR) is used to detect
the expression of RNA. In RT-PCR, RNA is enzymatically converted to complementary
DNA or "cDNA" using a reverse transcriptase enzyme. The cDNA is then used as a
template for a PCR reaction. PCR products can be detected by any suitable method,
including but not limited to, gel electrophoresis and staining with a DNA specific stain or
hybridization to a labeled probe. In some embodiments, the quantitative reverse
transcriptase PCR with standardized mixtures of competitive templates method described
in U.S. Patents 5,639,606, 5,643,765, and 5,876,978 (each of which is herein

incorporated by reference) is utilized.

2, Detection of Protein

In other embodiments, gene expression of cancer markers is detected by
measuring the expression of the corresponding protein or polypeptide. Protein expression
may be detected by any suitable method. In some embodiments, proteins are detected by

the immunohistochemistry method of Example 4.  In other embodiments, proteins are
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detected by their binding to an antibody raised against the protein. The generation of
antibodies is described below.

Antibody binding is detected by techniques known in the art (e.g.,
radioimmunoassay, ELISA (enzyme-linked immunosorbant assay), "sandwich"
immunoassays, immunoradiometric assays, gel diffusion precipitation reactions,
immunodiffusion assays, in situ immunoassays (e.g., using colloidal gold, enzyme or
radioisotope labels, for example), Western blots, precipitation reactions, agglutination
assays (e.g., gel agglutination assays, hemagglutination assays, etc.), complement fixation
assays, immunofluorescence assays, protein A assays, and immunoelectrophoresis assays,
etc.

In one embodiment, antibody binding is detected by detecting a label on the
primary antibody. In another embodiment, the primary antibody is detected by detecting
binding of a secondary antibody or reagent to the primary antibody. In a further
embodiment, the secondary antibody is labeled. Many methods are known in the art for
detecting binding in an immunoassay and are within the scope of the present invention.

In some embodiments, an automated detection assay is utilized. Methods for the
automation of immunoassays include those described in U.S. Patents 5,885,530,
4,981,785, 6,159,750, and 5,358,691, each of which is herein incorporated by reference.
In some embodiments, the analysis and presentation of results is also automated. For
example, in some embodiments, software that generates a prognosis based on the
presence or absence of a series of proteins corresponding to cancer markers is utilized.

In other embodiments, the immunoassay described in U.S. Patents 5,599,677 and

5,672,480; each of which is herein incorporated by reference.

3. Data Analysis

In some embodiments, a computer-based analysis program is used to translate the
raw data generated by the detection assay (e.g., the presence, absence, or amount of a
given marker or markers) into data of predictive value for a clinician. The clinician can
access the predictive data using any suitable means. Thus, in some preferred
embodiments, the present invention provides the further benefit that the clinician, who is

not likely to be trained in genetics or molecular biology, need not understand the raw
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data. The data is presented directly to the clinician in its most useful form. The clinician
is then able to immediately utilize the information in order to optimize the care of the
subject. \

The present invention contemplates any method capable of receiving, processing,
and transmitting the information to and from laboratories conducting the assays,
information provides, medical personal, and subjects. For example, in some
embodiments of the present invention, a sample (e.g., a biopsy or a serum or urine
sample) is obtained from a subject and submitted to a profiling service (e.g., clinical lab
at a medical facility, genomic profiling business, etc.), located in any part of the world
(e.g., in a country different than the country where the subject resides or where the
information is ultimately used) to generate raw data. Where the sample comprises a
tissue or other biological sample, the subject may visit a medical center to have the
sample obtained and sent to the profiling center, or subjects may collect the sample
themselves (e.g., a urine sample) and directly send it to a profiling center. Where the
sample comprises previously determined biological information, the information may be
directly sent to the profiling service by the subject (e.g., an information card containing
the information may be scanned by a computer and the data transmitted to a computer of
the profiling center using an electronic communication systems). Once received by the
profiling service, the sample is processed and a profile is produced (i.e., expression data),
specific for the diagnostic or prognostic information desired for the subject.

The profile data is then prepared in a format suitable for interpretation by a
treating clinician. For example, rather than providing raw expression data, the prepared
format may represent a diagnosis or risk assessment (e.g., likelihood of metastasis or PSA
failure) for the subject, along with recommendations for particular treatment options.
The data may be displayed to the clinician by any suitable method. For example, in some
embodiments, the profiling service generates a report that can be printed for the clinician
(e.g., at the point of care) or displayed to the clinician on a computer monitor.

In some embodiments, the information is first analyzed at the point of care or at a
regional facility. The raw data is then sent to a central processing facility for further
analysis and/or to convert the raw data to information useful for a clinician or patient.

The central processing facility provides the advantage of privacy (all data is stored in a
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central facility with uniform security protocols), speed, and uniformity of data analysis.
The central processing facility can then control the fate of the data following treatment of
the subject. For example, using an electronic communication system, the central facility
can provide data to the clinician, the subject, or researchers.

In some embodiments, the subject is able to directly access the data using the
electronic communication system. The subject may chose further intervention or
counseling based on the results. In some embodiments, the data is used for research use.
For example, the data may be used to further optimize the inclusion or elimination of

markers as usefiil indicators of a particular condition or stage of disease.

4. Kits

In yet other embodiments, the present invention provides kits for the detection
and characterization of prostate cancer. In some embodiments, the kits contain antibodies
specific for a cancer marker, in addition to detection reagents and buffers. In other
embodiments, the kits contain reagents speciﬁ;; for the detection of mRNA or cDNA
(e.g., oligonucleotide probes or primers). In preferred embodiments, the kits contain all
of the components necessary to perform a detection assay, including all controls,
directions for performing assays, and any necessary software for analysis and

presentation of results.

s. In vivo Imaging

In some embodiments, in vivo imaging techniques are used to visualize the
expression of cancer markers in an animal (e.g., a human or non-human mammal). For
example, in some embodiments, cancer marker mRNA or protein is labeled using an
labeled antibody specific for the cancer marker. A specifically bound and labeled
antibody can be detected in an individual using an in vivo imaging method, including, but
not limited to, radionuclide imaging, positron emission tomography, computerized axial
tomography, X-ray or magnetic resonance imaging method, fluorescence detection, and
chemiluminescent detection. Methods for generating antibodies to the cancer markers of

the present invention are described below.

55



10

15

20

25

30

WO 03/012067 PCT/US02/24567

The in vivo imaging methods of the present invention are useful in the diagnosis
of cancers that express the cancer markers of the present invention (e.g., prostate cancer).
In vivo imaging is used to visualize the presence of a marker indicative of the cancer.
Such techniques allow for diagnosis without the use of an unpleasant biopsy. The in vivo
imaging methods of the present invention are also useful for providing prognoses to
cancer patients. For example, the presence of a marker indicative of cancers likely to
metastasize can be detected. The in vivo imaging methods of the present invention can
further be used to detect metastatic cancers in other parts of the body.

In some embodiments, reagents (e.g., antibodies) specific for the cancer markers
of the present invention are fluorescently labeled. The labeled antibodies are introduced
into a subject (e.g., orally or parenterally). Fluorescently labeled antibodies are detected
using any suitable method (e.g., using the apparatus described in U.S. Patent 6,198,107,
herein incorporated by reference).

In other embodiments, antibodies are radioactively labeled. The use of antibodies
for in vivo diagnosis is well known in the art. Sumerdon et al., Nucl. Med. Biol 17:247-
254 [1990] have described an optimized antibody-chelator for the
radioimmunoscintographic imaging of tumors using Indium-111 as the label. Griffin ez
al., (J Clin Onc 9:631-640 [1991]) have described the use of this agent in detecting
tumors in patients suspected of having recurrent colorectal cancer. The use of similar
agents with paramagnetic ions as labels for magnetic resonance imaging is known in the
art (Lauffer, Magnetic Resonance in Medicine 22:339-342 [1991]). The label used will
depend on the imaging modality chosen. Radioactive labels such as Indium-111,
Technetium-99m, or Iodine-131 can be used for planar scans or single photon emission
computed tomography (SPECT). Positron emitting labels such as Fluorine-19 can also
be used for positron emission tomography (PET). For MRI, paramagnetic ions such as
Gadolinium (III) or Manganese (II) can be used.

Radioactive metals with half-lives ranging from 1 hour to 3.5 days are available
for conjugation to antibodies, such as scandium-47 (3.5 days) gallium-67 (2.8 days),
gallium-68 (68 minutes), technetiium-99m (6 hours), and indium-111 (3.2 days), of
which gallium-67, technetium-99m, and indium-111 are preferable for gamma camera

imaging, gallium-68 is preferable for positron emission tomography.
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A useful method of labeling antibodies with such radiometals is by means of a
bifunctional chelating agent, such as diethylenetriaminepentaacetic acid (DTPA), as
described, for example, by Khaw et al. (Science 209:295 [1980]) for In-111 and T¢-99m,
and by Scheinberg et al. (Science 215:1511 [1982]). Other chelating agents may also be
used, but the 1-(p-carboxymethoxybenzyl)EDTA and the carboxycarbonic anhydride of
DTPA are advantageous because their use permits conjugation without affecting the
antibody's immunoreactivity substantially.

Another method for coupling DPTA to proteins is by use of the cyclic anhydride
of DTPA, as described by Hnatowich et al. (Int. J. Appl. Radiat. Isot. 33:327 [1982]) for
labeling of albumin with In-111, but which can be adapted for labeling of antibodies. A
suitable method of labeling antibodies with Tc-99m which does not use chelation with
DPTA is the pretinning method of Crockford et al., (U.S. Pat. No. 4,323,546, herein
incorporated by reference).

A preferred method of labeling immunoglobulins with Tc-99m is that described .
by Wong et al. (Int. J. Appl. Radiat. Isot., 29:251 [1978]) for plasma protein, and recently
applied successfully by Wong et al. (J. Nucl. Med., 23:229 [1981]) for labeling
antibodies.

In the case of the radiometals conjugated to the specific antibody, it is likewise
desirable to introduce as high a proportion of the radiolabel as possible into the antibody
molecule without destroying its immunospecificity. A further improvement may be
achieved by effecting radiolabeling in the presence of the specific cancer marker of the
present invention, to insure that the antigen binding site on the antibody will be protected.

The antigen is separated after labeling.

In still further embodiments, in vivo biophotonic imaging (Xenogen, Almeda,
CA) is utilized for in vivo imaging. This real-time in vivo imaging utilizes luciferase.
The luciferase gene is incorporated into cells, microorganisms, and animals (e.g., as a
fusion protein with a cancer marker of the present invention). When active, it leads to a
reaction that emits light. A CCD camera and software is used to capture the image and

analyze it.
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IL. Antibodies

The present invention provides isolated antibodies. In preferred embodiments, the
present invention provides monoclonal antibodies that specifically bind to an isolated
polypeptide comprised of at least five amino acid residues of the cancer markers
described herein (e.g., hepsin, pim-1, AMACR, EZH2, CTBP). These antibodies find use
in the diagnostic methods described herein.

An antibody against a protein of the present invention may be any monoclonal or
polyclonal antibody, as long as it can recognize the protein. Antibodies can be produced
by using a protein of the present invention as the antigen according to a conventional
antibody or antiserum preparation process.

The present invention contemplates the use of both monoclonal and polyclonal
antibodies. Any suitable method may be used to generate the antibodies used in the
methods and compositions of the present invention, including but not limited to, those
disclosed herein. For example, for preparation of a monoclonal antibody, protein, as
such, or together with a suitable carrier or diluent is administered to an animal (e.g., a
mammal) under conditions that permit the production of antibodies. For enhancing the
antibody production capability, complete or incomplete Freund's adjuvant may be
administered. Normally, the protein is administered once every 2 weeks to 6 weeks, in
total, about 2 times to about 10 times. Animals suitable for use in such methods include,
but are not limited to, primates, rabbits, dogs, guinea pigs, mice, rats, sheep, goats, etc.

For preparing monoclonal antibody-producing cells, an individual animal whose
antibody titer has been confirmed (e.g., a mouse) is selected, and 2 days to 5 days after
the final immunization, its spleen or lymph node is harvested and antibody-producing
cells contained therein are fused with myeloma cells to prepare the desired monoclonal
antibody producer hybridoma. Measurement of the antibody titer in antiserum can be
carried out, for example, by reacting the labeled protein, as described hereinafter and
antiserum and then measuring the activity of the labeling agent bound to the antibody.
The cell fusion can be carried out according to known methods, for example, the method
described by Koehler and Milstein (Nature 256:495 [1975]). As a fusion promoter, for
example, polyethylene glycol (PEG) or Sendai virus (HVY7), preferably PEG is used.
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Examples of myeloma cells include NS-1, P3U1, SP2/0, AP-1 and the like. The
proportion of the number of antibody producer cells (spleen cells) and the number of
myeloma cells to be used is preferably about 1:1 to about 20:1. PEG (preferably PEG
1000-PEG 6000) is preferably added in concentration of about 10% to about 80%. Cell
fusion can be carried out efficiently by incubating a mixture of both cells at about 20°C
to about 40°C, preferably about 30°C to about 37°C for about 1 minute to 10 minutes.

Various methods may be used for screening for a hybridoma producing the
antibody (e.g., against a tumor antigen or autoantibody of the present invention). For
example, where a supernatant of the hybridoma is added to a solid phase (e.g.,
microplate) to which antibody is adsorbed directly or together with a carrier and then an
anti-immunoglobulin antibody (if mouse cells are used in cell fusion, anti-mouse
immunoglobulin antibody is used) or Protein A labeled with a radioactive substance or an
enzyme is added to detect the monoclonal antibody against the protein bound to the solid
phase. Alternately, a supernatant of the hybridoma is added to a solid phase to which an
anti-immunoglobulin antibody or Protein A is adsorbed and then the protein labeled with
a radioactive substance or an enzyme is added to detect the monoclonal antibody against
the protein bound to the solid phase.

Selection of the monoclonal antibody can be carried out according to any known
method or its modification. Normally, a medium for animal cells to which HAT
(hypoxanthine, aminopterin, thymidine) are added is employed. Any selection and
growth medium can be employed as long as the hybridoma can grow. For example,
RPMI 1640 medium containing 1% to 20%, preferably 10% to 20% fetal bovine serum,
GIT medium containing 1% to 10% fetal bovine serum, a serum free medium for
cultivation of a hybridoma (SFM-101, Nissui Seiyaku) and the like can be used.
Normally, the cultivation is carried out at 20°C to 40°C, preferably 37°C for about 5 days
to 3 weeks, preferably 1 week to 2 weeks under about 5% CO gas. The antibody titer of

the supernatant of a hybridoma culture can be measured according to the same manner as

described above with respect to the antibody titer of the anti-protein in the antiserum.
Separation and purification of a monoclonal antibody (e.g., against a cancer

marker of the present invention) can be carried out according to the same manner as those

of conventional polyclonal antibodies such as separation and purification of
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immunoglobulins, for example, salting-out, alcoholic precipitation, isoelectric point
precipitation, electrophoresis, adsorption and desorption with ion exchangers (e.g.,
DEAE), ultracentrifugation, gel filtration, or a specific purification method wherein only
an antibody is collected with an active adsorbent such as an antigen-binding solid phase,
Protein A or Protein G and dissociating the binding to obtain the antibody.

Polyclonal antibodies may be prepared by any known method or modifications of
these methods including obtaining antibodies from patients. For example, a complex of
an immunogen (an antigen against the protein) and a carrier protein is prepared and an
animal is immunized by the complex according to the same manner as that described with
respect to the above monoclonal antibody preparation. A material containing the
antibody against is recovered from the immunized animal and the antibody is separated
and purified.

As to the complex of the immunogen and the carrier protein to be used for
immunization of an animal, any carrier protein and any mixing proportion of the carrier
and a hapten can be employed as long as an antibody against the hapten, which is
crosslinked on the carrier and used for immunization, is produced efficiently. For
example, bovine serum albumin, bovine cycloglobulin, keyhole limpet hemocyanin, etc.
may be coupled to an hapten in a weight ratio of about 0.1 part to about 20 parts,
preferably, about 1 part to about 5 parts per 1 part of the hapten.

In addition, various condensing agents can be used for coupling of a hapten and a
carrier. For example, glutaraldehyde, carbodiimide, maleimide activated ester, activated
ester reagents containing thiol group or dithiopyridyl group, and the like find use with the
present invention. The condensation product as such or together with a suitable carrier or
diluent is administered to a site of an animal that permits the antibody production. For
enhancing the antibody production capability, complete or incomplete Freund's adjuvant
may be administered. Normally, the protein is administered once every 2 weeks to 6
weeks, in total, about 3 times to about 10 times.

The polyclonal antibody is recovered from blood, ascites and the like, of an
animal immunized by the above method. The antibody titer in the antiserum can be
measured according to the same manner as that described above with respect to the

supernatant of the hybridoma culture. Separation and purification of the antibody can be

60



10

15

20

25

30

WO 03/012067 PCT/US02/24567

carried out according to the same separation and purification method of immunoglobulin
as that described with respect to the above monoclonal antibody.

The protein used herein as the immunogen is not limited to any particular type of
immunogen. For example, a cancer marker of the present invention (further including a
gene having a nucleotide sequence partly altered) can be used as the immunogen.
Further, fragments of the protein may be used. Fragments may be obtained by any
methods including, but not limited to expressing a fragment of the gene, enzymatic

processing of the protein, chemical synthesis, and the like.

III.  Drug Screening

In some embodiments, the present invention provides drug screening assays (e.g.,
to screen for anticancer drugs). The screening methods of the present invention utilize
cancer markers identified using the methods of the present invention (e.g., including but
not limited to, hepsin, pim-1, AMACR, EZH2, and CTBP). For example, in some
embodiments, the present invention provides methods of screening for compound that
alter (e.g., increase or decrease) the expression of cancer marker genes. In some
embodiments, candidate compounds are antisense agents (e.g., oligonucleotides) directed
against cancer markers. See Section IV below for a discussion of antisense therapy. In
other embodiments, candidate compounds are antibodies that specifically bind to a cancer
marker of the present invention. _

In one screening method, candidate compounds are evaluated for their ability to
alter cancer marker expression by contacting a compound with a cell expressing a cancer
marker and then assaying for the effect of the candidate compounds on expression. In
some embodiments, the effect of candidate compounds on expression of a cancer marker
gene is assayed for by detecting the level of cancer marker mRNA expressed by the cell.
mRNA expression can be detected by any suitable method. In other embodiments, the
effect of candidate compounds on expression of cancer marker genes is assayed by
measuring the level of polypeptide encoded by the cancer markers. The level of
polypeptide expressed can be measured using any suitable method, including but not

limited to, those disclosed herein.

61



10

15

20

25

30

WO 03/012067 PCT/US02/24567

Specifically, the present invention provides screening methods for identifying
modulators, i.e., candidate or test compounds or agents (e.g., proteins, peptides,
peptidomimetics, peptoids, small molecules or other drugs) which bind to cancer markers
of the present invention, have an inhibitory (or stimulatory) effect on, for example, cancer
marker expression or cancer markers activity, or have a stimulatory or inhibitory effect
on, for example, the expression or activity of a cancer marker substrate. Compounds thus
identified can be used to modulate the activity of target gene products (e.g., cancer
marker genes) either directly or indirectly in a therapeutic protocol, to elaborate the
biological function of the target gene product, or to identify compounds that disrupt
normal target gene interactions. Compounds which inhibit the activity or expression of
cancer markers are useful in the treatment of proliferative disorders, e.g., cancer,
particularly metastatic (e.g., androgen independent) prostate cancer.

In one embodiment, the invention provides assays for screening candidate or test
compounds that are substrates of a cancer markers protein or polypeptide or a
biologically active portion thereof. In another embodiment, the invention provides assays
for screening candidate or test compounds that bind to or modulate the activity of a
cancer marker protein or polypeptide or a biologically active portion thereof.

The test compounds of the present invention can be obtained using any of the
numerous approaches in combinatorial library methods known in the art, including
biological libraries; peptoid libraries (libraries of molecules having the functionalities of
peptides, but with a novel, non-peptide backbone, which are resistant to enzymatic
degradation but which nevertheless remain bioactive; see, e.g., Zuckennann et al., J. Med.
Chem. 37: 2678-85 [1994]); spatially addressable parallel solid phase or solution phase
libraries; synthetic library methods requiring deconvolution; the '‘one-bead one-
compound' library method; and synthetic library methods using affinity chromatography
selection. The biological library and peptoid library approaches are preferred for use
with peptide libraries, while the other four approaches are applicable to peptide, non-
peptide oligomer or small molecule libraries of compounds (Lam (1997) Anticancer Drug
Des. 12:145).

Examples of methods for the synthesis of molecular libraries can be found in the
art, for example in: DeWitt ef al., Proc. Natl. Acad. Sci. U.S.A. 90:6909 [1993]; Erb et
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al., Proc. Nad. Acad. Sci. USA 91:11422 [1994]; Zuckermann et al., J. Med. Chem.
37:2678 [1994]; Cho et al., Science 261:1303 [1993]; Carrell et al., Angew. Chem. Int.
Ed. Engl. 33.2059 [1994]; Carell et al., Angew. Chem. Int. Ed. Engl. 33:2061 [1994]; and
Gallop et al., J. Med. Chem. 37:1233 [1994].

Libraries of compounds may be presented in solution (e.g., Houghten,
Biotechniques 13:412-421 [1992]), or on beads (Lam, Nature 354:82-84 [1991}), chips
(Fodor, Nature 364:555-556 [1993]), bacteria or spores (U.S. Patent No. 5,223,409,
herein incorporated by reference), plasmids (Cull et al., Proc. Nad. Acad. Sci. USA
89:18651869 [1992]) or on phage (Scott and Smith, Science 249:386-390 [1990]; Devlin
Science 249:404-406 [1990]; Cwirla ef al., Proc. Natl. Acad. Sci. 87:6378-6382 [1990];
Felici, J. Mol. Biol. 222:301 [1991]).

In one embodiment, an assay is a cell-based assay in which a cell that expresses a
cancer marker protein or biologically active portion thereof is contacted with a test
compound, and the ability of the test compound to the modulate cancer marker's activity
is determined. Determining the ability of the test compound to modulate cancer marker
activity can be accomplished by monitoring, for example, changes in enzymatic activity.
The cell, for example, can be of mammalian origin. .

The ability of the test compound to modulate cancer marker binding to a
compound, e.g., a cancer marker substrate, can also be evaluated. This can be
accomplished, for example, by coupling the compound, e.g., the substrate, with a
radioisotope or enzymatic label such that binding of the compound, e.g., the substrate, to
a cancer marker can be determined by detecting the labeled compound, e.g., substrate, in
a complex.

Alternatively, the cancer marker is coupled with a radioisotope or enzymatic label
to monitor the ability of a test compound to modulate cancer marker binding to a cancer
markers substrate in a complex. For example, compounds (e.g., substrates) can be labeled
with '2°1, 3°S “C or *H, either directly or indirectly, and the radioisotope detected by
direct counting of radioemmission or by scintillation counting. Alternatively, compounds
can be enzymatically labeled with, for example, horseradish peroxidase, alkaline
phosphatase, or luciferase, and the enzymatic label detected by determination of

conversion of an appropriate substrate to product.
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The ability of a compound (e.g., a cancer marker substrate) to interact with a
cancer marker with or without the labeling of any of the interactants can be evaluated.
For example, a microphysiorneter can be used to detect the interaction of a compound
with a cancer marker without the labeling of either the compound or the cancer marker
(McConnell ef al. Science 257:1906-1912 [1992]). As used herein, a "microphysiometer"
(e.g., Cytosensor) is an analytical instrument that measures the rate at which a cell
acidifies its environment using a light-addressable potentiometric sensor (LAPS).
Changes in this acidification rate can be used as an indicator of the interaction between a
compound and cancer markers.

In yet another embodiment, a cell-free assay is provided in which a cancer marker
protein or biologically active portion thereof is contacted with a test compound and the
ability of the test compound to bind to the cancer marker protein or biologically active

portion thereof is evaluated. Preferred biologically active portions of the cancer markers

- proteins to be used in assays of the present invention include fragments that participate in

interactions with substrates or other proteins, e.g., fragments with high surface
probability scores.

Cell-free assays involve preparing a reaction mixture of the target gene protein
and the test compound under conditions and for a time sufficient to allow the two
components to interact and bind, thus forming a complex that can be removed and/or
detected.

The interaction between two molecules can also be detected, e.g., using
fluorescence energy transfer (FRET) (see, for example, Lakowicz ef al., U.S. Patent No.
5,631,169, Stavrianopoulos et al., U.S. Patent No. 4,968,103; each of which is herein
incorporated by reference). A fluorophore label is selected such that a first donor
molecule's emitted fluorescent energy will be absorbed by a fluorescent label on a
second, ‘acceptor' molecule, which in turn is able to fluoresce due to the absorbed energy.

Alternately, the 'donor' protein molecule may simply utilize the natural
fluorescent energy of tryptophan residues. Labels are chosen that emit different
wavelengths of light, such that the 'acceptor' molecule label may be differentiated from
that of the 'donor’. Since the efficiency of energy transfer between the labels is related to
the distance separating the molecules, the spatial relationship between the molecules can
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be assessed. In a situation in which binding occurs between the molecules, the fluorescent
emission of the 'acceptor' molecule label in 1 5 the assay should be maximal. An FRET
binding event can be conveniently measured through standard fluorometric detection
means well known in the art (e.g., using a fluorimeter).

In another embodiment, determining the ability of the cancer markers protein to
bind to a target molecule can be accomplished using real-time Biomolecular Interaction
Analysis (BIA) (see, e.g., Sjolander and Urbaniczky, Anal. Chem. 63:2338-2345 [1991]
and Szabo et al. Curr. Opin. Struct. Biol. 5:699-705 [1995]). "Surface plasmon
resonance" or "BIA" detects biospecific interactions in real time, without labeling any of
the interactants (e.g., BlAcore). Changes in the mass at the binding surface (indicative of
a binding event) result in alterations of the refractive index of light near the surface (the
optical phenomenon of surface plasmon resonance (SPR)), resulting in a detectable signal
that can be used as an indication of real-time reactions between biological molecules.

In one embodiment, the target gene product or the test substance is anchored onto -
a solid phase. The target gene product/test compound complexes anchored on the solid
phase can be detected at the end of the reaction. Preferably, the target gene product can
be anchored onto a solid surface, and the test compound, (which is not anchored), can be
labeled, either directly or indirectly, with detectable labels discussed herein.

It may be desirable to immobilize cancer markers, an anti-cancer marker antibody
or its target molecule to facilitate separation of complexed from non-complexed forms of
one or both of the proteins, as well as to accommodate automation of the assay. Binding
of a test compound to a cancer marker protein, or interaction of a cancer marker protein
with a taréet molecule in the presence and absence of a candidate compound, can be
accomplished in any vessel suitable for containing the reactants. Examples of such
vessels include microtiter plates, test tubes, and micro-centrifuge tubes. In one
embodiment, a fusion protein can be provided which adds a domain that allows one or
both of the proteins to be bound to a matrix. For example, glutathione-S-transferase-
cancer marker fusion proteins or glutathione-S-transferase/target fusion proteins can be
adsorbed onto glutathione Sepharose beads (Sigma Chemical, St. Louis, MO) or
glutathione-derivatized microtiter plates, which are then combined with the test

compound or the test compound and either the non-adsorbed target protein or cancer
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marker protein, and the mixture incubated under conditions conducive for complex
formation (e.g., at physiological conditions for salt and pH). Following incubation, the
beads or microtiter plate wells are washed to remove any unbound components, the
matrix immobilized in the case of beads, complex determined either directly or indirectly,
for example, as described above.

Alternatively, the complexes can be dissociated from the matrix, and the level of
cancer markers binding or activity determined using standard techniques. Other
techniques for immobilizing either cancer markers protein or a target molecule on
matrices include using conjugation of biotin and streptavidin. Biotinylated cancer marker
protein or target molecules can be prepared from biotin-NHS (N-hydroxy-succinimide)
using techniques known in the art (e.g., biotinylation kit, Pierce Chemicals, Rockford,
EL), and immobilized in the wells of streptavidin-coated 96 well plates (Pierce
Chemical).

In order to conduct the assay, the non-immobilized component is added to the
coated surface containing the anchored component. After the reaction is complete,
unreacted components are removed (e.g., by washing) under conditions such that any
complexes formed will remain immobilized on the solid surface. The detection of
complexes anchored on the solid surface can be accomplished in a number of ways.
Where the previously non-immobilized component is pre-labeled, the detection of label
immobilized on the surface indicates that complexes were formed. Where the previously
non-immobilized component is not pre-labeled, an indirect label can be used to detect
complexes anchored on the surface; e.g., using a labeled antibody specific for the
immobilized component (the antibody, in turn, can be directly labeled or indirectly
labeled with, e.g., a labeled anti-IgG antibody).

This assay is performed utilizing antibodies reactive with cancer marker protein
or target molecules but which do not interfere with binding of the cancer markers protein
to its target molecule. Such antibodies can be derivatized to the wells of the plate, and
un\bound target or cancer markers protein trapped in the wells by antibody conjugation.
Methods for detecting such complexes, in addition to those described above for the GST-
immobilized complexes, include immunodetection of complexes using antibodies

reactive with the cancer marker protein or target molecule, as well as enzyme-linked
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assays which rely on detecting an enzymatic activity associated with the cancer marker
protein or target molecule.

Alternatively, cell free assays can be conducted in a liquid phase. In such an
assay, the reaction products are separated from unreacted components, by any of a
number of standard techniques, including, but not limited to: differential centrifugation
(see, for example, Rivas and Minton, Trends Biochem Sci 18:284-7 [1993]);
chromatography (gel filtration chromatography, ion-exchange chromatography);
electrophoresis (see, e.g., Ausubel et al., eds. Current Protocols in Molecular Biology
1999, J. Wiley: New York.); and immunoprecipitation (see, for example, Ausubel et al.,
eds. Current Protocols in Molecular Biology 1999, J. Wiley: New York). Such resins and
chromatographic techniques are known to one skilled in the art (See e.g., Heegaard J.
Mol. Recognit 11:141-8 [1998]; Hageand Tweed J. Chromatogr. Biomed. Sci. Appl
699:499-525 [1997]). Further, fluorescence energy transfer may also be conveniently
utilized, as described herein, to detect binding without further purification of the complex
from solution.

The assay can include contacting the cancer markers protein or biologically active
portion thereof with a known compound that binds the cancer marker to form an assay
mixture, contacting the assay mixture with a test compound, and determining the ability
of the test compound to interact with a cancer marker protein, wherein determining the
ability of the test compound to interact with a cancer marker protein includes determining
the ability of the test compound to preferentially bind to cancer markers or biologically
active portion thereof, or to modulate the activity of a target molecule, as compared to the
known compound.

To the extent that cancer markers can, iz vivo, interact with one or more cellular
or extracellular macromolecules, such as proteins, inhibitors of such an interaction are
useful. A homogeneous assay can be used can be used to identify inhibitors.

For example, a preformed complex of the target gene product and the interactive
cellular or extracellular binding partner product is prepared such that either the target
gene products or their binding partners are labeled, but the signal generated by the label is
quenched due to complex formation (see, e.g., U.S. Patent No. 4,109,496, herein

incorporated by reference, that utilizes this approach for immunoassays). The addition of
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a test substance that competes with and displaces one of the species from the preformed
complex will result in the generation of a signal above background. In this way, test
substances that disrupt target gene product-binding partner interaction can be identified.
Alternatively, cancer markers protein can be used as a "bait protein" in a two-hybrid
assay or three-hybrid assay (see, e.g., U.S. Patent No. 5,283,317; Zervos et al., Cell
72:223-232 [1993]; Madura et al., J. Biol. Chem. 268.12046-12054 [1993]; Bartel ef al.,
Biotechniques 14:920-924 [1993]; Iwabuchi ef al., Oncogene 8:1693-1696 [1993]; and
Brent W0 94/10300; each of which is herein incorporated by reference), to identify other
proteins, that bind to or interact with cancer markers ("cancer marker-binding proteins" or
"cancer marker-bp") and are involved in cancer marker activity. Such cancer marker-bps
can be activators or inhibitors of signals by the cancer marker proteins or targets as, for
example, downstream elements of a cancer markers-mediated signaling pathway.

Modulators of cancer markers expression can also be identified. For example, a
cell or cell free mixture is contacted with a candidate compound and the expression of
cancer marker mRNA or protein evaluated relative to the level of expression of cancer
marker mRNA or protein in the absence of the candidate compound. When expression of
cancer marker mRNA or protein is greater in the presence of the candidate compound
than in its absence, the candidate compound is identified as a stimulator of cancer marker
mRNA or protein expression. Alternatively, when expression of cancer marker mRNA
or protein is less (i.e., statistically significantly less) in the presence of the candidate
compound than in its absence, the candidate compound is identified as an inhibitor of
cancer marker mRNA or protein expression. The level of cancer markers mRNA or
protein expression can be determined by methods described herein for detecting cancer
markers mRNA or protein.

A modulating agent can be identified using a cell-based or a cell free assay, and
the ability of the agent to modulate the activity of a cancer markers protein can be
confirmed in vivo, e.g., in an animal such as an animal model for a disease (e.g., an
animal with prostate cancer or metastatic prostate cancer; or an animal harboring a
xenograft of a prostate cancer from an animal (e.g., human) or cells from a cancer
resulting from metastasis of a prostate cancer (e.g., to a lymph node, bone, or liver), or

cells from a prostate cancer cell line.
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This invention further pertains to novel agents identified by the above-described
screening assays (See e.g., below description of cancer therapies). Accordingly, it is
within the scope of this invention to further use an agent identified as described herein
(e.g., a cancer marker modulating agent, an antisense cancer marker nucleic acid
molecule, a siRNA molecule, a cancer marker specific antibody, or a cancer marker-
binding partner) in an appropriate animal model (such as those described herein) to
determine the efficacy, toxicity, side effects, or mechanism of action, of treatment with
such an agent. Furthermore, novel agents identified by the above-described screening

assays can be, e.g., used for treatments as described herein.

IV.  Cancer Therapies

In some embodiments, the present invention provides therapies for cancer (e.g.,
prostate cancer). In some embodiments, therapies target cancer markers (e.g., including
but not limited to, hepsin, pim-1, AMACR, EZH2, and CTBP).

A, Antisense Therapies

In some embodiments, the present invention targets the expression of cancer
markers. For example, in some embodiments, the present invention employs
compositions comprising oligomeric antisense compounds, particularly oligonucleotides
(e.g., those identified in the drug screening methods described above), for use in
modulating the function of nucleic acid molecules encoding cancer markers of the present
invention, ultimately modulating the amount of cancer marker expressed. This is
accomplished by providing antisense compounds that specifically hybridize with one or
more nucleic acids encoding cancer markers of the present invention. The specific
hybridization of an oligomeric compound with its target nucleic acid interferes with the
normal function of the nucleic acid. This modulation of function of a target nucleic acid
by compounds that specifically hybridize to it is generally referred to as "antisense." The
functions of DNA to be interfered with include replication and transcription. The
functions of RNA to be interfered with include all vital functions such as, for example,
translocation of the RNA to the site of protein translation, translation of protein from the

RNA, splicing of the RNA to yield one or more mRNA species, and catalytic activity that
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may be engaged in or facilitated by the RNA. The overall effect of such interference
with target nucleic acid function is modulation of the expression of cancer markers of the
present invention. In the context of the present invention, "modulation" means either an
increase (stimulation) or a decrease (inhibition) in the eipression of a gene. For example,
expression may be inhibited to potentially prevent tumor proliferation.

It is preferred to target specific nucleic acids for antisense. "Targeting" an
antisense compound to a particular nucleic acid, in the context of the present invention, is
a multistep process. The process usually begins with the identification of a nucleic acid
sequence whose function is to be modulated. This may be, for example, a cellular gene
(or mRNA transcribed from the gene) whose expression is associated with a particular
disorder or disease state, or a nucleic acid molecule from an infectious agent. In the
present invention, the target is a nucleic acid molecule encoding a cancer marker of the
present invention. The targeting process also includes determination of a site or sites
within this gene for the antisense interaction to occur such that the desired effect, e.g.,
detection or modulation of expression of the protein, will result. Within the context of
the present invention, a preferred intragenic site is the region encompassing the
translation initiation or termination codon of the open reading frame (ORF) of the gene.
Since the translation initiation codon is typically 5-AUG (in transcribed mRNA
molecules; 5'-ATG in the corresponding DNA molecule), the translation initiation codon
is also referred to as the "AUG codon," the "start codon" or the "AUG start codon". A
minority of genes have a translation initiation codon having the RNA sequence 5'-GUG,
5'-UUG or 5'-CUG, and 5'-AUA, 5'-ACG and 5'-CUG have been shown to function in
vivo. Thus, the terms "translation initiation codon" and "start codon" can encompass
many codon sequences, even though the initiator amino acid in each instance is typically
methionine (in eukaryotes) or formylmethionine (in prokaryotes). Eukaryotic and
prokaryotic genes may have two or more alternative start codons, any one of which may
be preferentially utilized for translation initiation in a particular cell type or tissue, or
under a particular set of conditions. In the context of the present invention, "start codon"
and "translation initiation codon" refer to the codon or codons that are used in vivo to
initiate translation of an mRNA molecule transcribed from a gene encoding a tumor

antigen of the present invention, regardless of the sequence(s) of such codons.
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Translation termination codon (or "stop codon") of a gene may have one of three
sequences (i.e., 5-UAA, 5-UAG and 5'-UGA,; the corresponding DNA sequences are
5'-TAA, 5'-TAG and 5'-TGA, respectively). The terms "start codon region" and
"translation initiation codon region" refer to a portion of such an mRNA or gene that
encompasses from about 25 to about 50 contiguous nucleotides in either direction (i.e., 5'
or 3') from a translation initiation codon. Similarly, the terms "stop codon region" and
"translation termination codon region" refer to a portion of such an mRNA or gene that
encompasses from about 25 to about 50 contiguous nucleétides in either direction (i.e., 5'
or 3") from a translation termination codon.

The open reading frame (ORF) or "coding region," which refers to the region
between the translation initiation codon and the translation termination codon, is also a
region that may be targeted effectively. Other target regions include the 5' untranslated
region (5' UTR), referring to the portion of an mRNA in the 5' direction from the
translation initiation codon, and thus including nucleotides between the 5' cap site and'the
translation initiation codon of an mRNA or corresponding nucleotides on the gene, and
the 3' untranslated region (3' UTR), referring to the portion of an mRNA in the 3'
direction from the translation termination codon, and thus including nucleotides between
the translation termination codon and 3' end of an mRNA or corresponding nucleotides
on the gene. The 5' cap of an mRNA comprises an N7-methylated guanosir;e residue
joined to the 5'-most residue of the mRNA via a 5'-5' triphosphate linkage. The 5' cap
region of an mRNA is considered to include the 5' cap structure itself as well as the first
50 nucleotides adjacent to the cap. The cap region may also be a preferred target region.

Although some eukaryotic mRNA transcripts are directly translated, many contain
one or more regions, known as "introns," that are excised from a transcript before it is
translated. The remaining (and therefore translated) regions are known as "exons" and
are spliced together to form a continuous mRNA sequence. mRNA splice sites (i.e.,
intron-exon junctions) may also be preferred target regions, and are particularly useful in
situations where aberrant splicing is implicated in disease, or where an overproduction of
a particular mRNA splice product is implicated in disease. Aberrant fusion junctions due

to rearrangements or deletions are also preferred targets. It has also been found that
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introns can also be effective, and therefore preferred, target regions for antisense
compounds targeted, for example, to DNA or pre-mRNA.

In some embodiments, target sites for antisense inhibition are identified using
commercially available software programs (e.g., Biognostik, Gottingen, Germany;
SysArris Software, Bangalore, India; Antisense Research Group, University of
Liverpool, Liverpool, England; GeneTrove, Carlsbad, CA). In other embodiments, target
sites for antisense inhibition are identified using the accessible site method described in
U.S. Patent WO0198537A2, herein incorporated by reference.

Once one or more target sites have been identified, oligonucleotides are chosen
that are sufficiently complementary to the target (i.e., hybridize sufficiently well and with
sufficient specificity) to give the desired effect. For example, in preferred embodiments
of the present invention, antisense oligonucleotides are targeted to or near the start codon.

In the context of this invention, "hybridization," with respect to antisense
compositions and methods, means hydrogen bonding, which may be Watson-Crick,
Hoogsteen or reversed Hoogsteen hydrogen bonding, between complementary nucleoside
or nucleotide bases. For example, adenine and thymine are complementary nucleobases
that pair through the formation of hydrogen bonds. It is understood that the sequence of
an antisense compound need not be 100% complementary to that of its target nucleic acid
to be specifically hybridizable. An antisense compound is specifically hybridizable when
binding of the compound to the target DNA or RNA molecule interferes with the normal
function of the target DNA or RNA to cause a loss of utility, and there is a sufficient
degree of complementarity to avoid non-specific binding of the antisense compound to
non-target sequences under conditions in which specific binding is desired (i.e., under
physiological conditions in the case of in vivo assays or therapeutic treatment, and in the
case of in vitro assays, under conditions in which the assays are performed).

Antisense compounds are commonly used as research reagents and diagnostics.
For example, antisense oligonucleotides, which are able to inhibit gene expression with
specificity, can be used to elucidate the function of particular genes. Antisense
compounds are also used, for example, to distinguish between functions of various

members of a biological pathway.
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The specificity and sensitivity of antisense is also applied for therapeutic uses. For
example, antisense oligonucleotides have been employed as therapeutic moieties in the
treatment of disease states in animals and man. Antisense oligonucleotides have been
safely and effectively administered to humans and numerous clinical trials are presently
underway. It is thus established that oligonucleotides are useful therapeutic modalities
that can be configured to be useful in treatment regimes for treatment of cells, tissues,
and animals, especially humans.

While antisense oligonucleotides are a preferred form of antisense compound, the
present invention comprehends other oligomeric antisense compounds, including but not
limited to oligonucleotide mimetics such as are described below. The antisense
compounds in accordance with this invention preferably comprise from about 8 to about
30 nucleobases (i.e., from about 8 to about 30 linked bases), although both longer and
shorter sequences may find use with the present invention. Particularly preferred
antisense compounds are antisense oligonucleotides, even more preferably those
comprising from about 12 to about 25 nucleobases.

Specific examples of preferred antisense compounds useful with the present
invention include oligonucleotides containing modified backbones or non-natural
internucleoside linkages. As defined in this specification, oligonucleotides héving
modified backbones include those that retain a phosphorus atom in the backbone and
those that do not have a phosphorus atom in the backbone. For the purposes of this
specification, modified oligonucleotides that do not have a phosphorus atom in their
internucleoside backbone can also be considered to be oligonucleosides.

Preferred modified oligonucleotide backbones include, for example,
phosphorothioates, chiral phosphorothioates, phosphorodithioates, phosphotriesters,
aminoalkylphosphotriesters, methyl and other alkyl phosphonates including 3'-alkylene
phosphonates and chiral phosphonates, phosphinates, phosphoramidates including
3'-amino phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having
normal 3'-5' linkages, 2'-5' linked analogs of these, and those having inverted polarity
wherein the adjacent pairs of nucleoside units are linked 3'-5' to 5'-3' or 2'-5' to 5'-2'.

Various salts, mixed salts and free acid forms are also included.
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Preferred modified oligonucleotide backbones that do not include a phosphorus
atom therein have backbones that are formed by short chain alkyl or cycloalkyl
internucleoside linkages, mixed heteroatom and alkyl or cycloalkyl internucleoside
linkages, or one or more short chain heteroatomic or heterocyclic internucleoside
linkages. These include those having morpholino linkages (formed in part from the sugar
portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone backbones;
formacetyl and thioformacetyl backbones; methylene formacetyl and thioformacetyl
backbones; alkene containing backbones; sulfamate backbones; methyleneimino and
methylenehydrazino backbones; sulfonate and sulfonamide backbones; amide backbones;

and others having mixed N, O, S and CHp component parts.

In other preferred oligonucleotide mimetics, both the sugar and the
internucleoside linkage (i.e., the backbone) of the nucleotide units are replaced with
novel groups. The base units are maintained for hybridization with an appropriate
nucleic acid target compound. One such oligomeric compound, an oligonucleotide
mimetic that has been shown to have excellent hybridization properties, is referred to as a
peptide nucleic acid (PNA). In PNA compounds, the sugar-backbone of an
oligonucleotide is replaced with an amide containing backbone, in particular an
aminoethylglycine backbone. The nucleobases are retained and are bound directly or
indirectly to aza nitrogen atoms of the amide portion of the backbone. Representative
United States patents that teach the preparation of PNA compounds include, but are not
limited to, U.S. Pat. Nos.: 5,539,082; 5,714,331; and 5,719,262, each of which is herein
incorporated by reference. Further teaching of PNA compounds can be found in Nielsen
et al., Science 254:1497 (1991).

Most preferred embodiments of the invention are oligonucleotides with
phosphorothioate backbones and oligonucleosides with heteroatom backbones, and in
particular --CHp, --NH--O--CH»--, --CHp--N(CH3)--O--CHjp-- [known as a methylene

(methylimino) or MMI backbone], --CHp--O--N(CH3)--CHa--,
--CHp--N(CH3)--N(CH3)--CHy--, and --O--N(CH3)--CHp--CH»-- [wherein the native
phosphodiester backbone is represented as --O--P--O--CHy--] of the above referenced
U.S. Pat. No. 5,489,677, and the amide backbones of the above referenced U.S. Pat. No.
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5,602,240. Also preferred are oligonucleotides having morpholino backbone structures
of the above-referenced U.S. Pat. No. 5,034,506.

Modified oligonucleotides may also contain one or more substituted sugar
moieties. Preferred oligonucleotides comprise one of the following at the 2' position:
OH; F; O-, S-, or N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl,
wherein the alkyl, alkenyl and alkynyl may be substituted or unsubstituted C; to Cqg
alkyl or C to Cq alkenyl and alkynyl. Particularly preferred are O[(CH2),0]CHj3,
O(CH2),OCH3, O(CH9),NH>, O(CH»),CH3, O(CH2),ONH>, and
O(CH2),ON[(CH2),CH3)]p, where n and m are from 1 to about 10. Other preferred
oligonucleotides comprise one of the following at the 2' position: Cq to Cq(lower alkyl,
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, Cl, Br,
CN, CF3, OCF3, SOCH3, SO2CH3, ONO9, NO7, N3, NHp, heterocycloalkyl,
heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving
group, a reporter group, an intercalator, a group for improving the pharmacokinetic
properties of an oligonucleotide, or a group for improving the pharmacodynamic
properties of an oligonucleotide, and other substituents having similar properties. A
preferred modification includes 2'-methoxyethoxy (2'-O--CHyCH2OCH3, also known as
2'-O-(2-methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta 78:486 [1995]) i.e.,
an alkoxyalkoxy group. A further preferred modification includes
2'-dimethylaminooxyethoxy (i.e., a O(CH2)2ON(CH3)7 group), also known as
2'-DMAQE, and 2'-dimethylaminoethoxyethoxy (also known in the art as
2'-O-dimethylaminoethoxyethyl or 2-DMAEOE), i.e., 2'-O--CHy--O--CHy--N(CH»)».

Other preferred modifications include 2-methoxy(2'-O--CH3),
2'—aminopropoxy(2'—OCH2CH2CH2NH2) and 2'-fluoro (2'-F). Similar modifications
may also be made at other positions on the oligonucleotide, particularly the 3' position of
the sugar on the 3' terminal nucleotide or in 2'-5' linked oligonucleotides and the 5'

position of 5' terminal nucleotide. Oligonucleotides may also have sugar mimetics such

as cyclobutyl moieties in place of the pentofuranosyl sugar.
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Oligonucleotides may also include nucleobase (often referred to in the art simply
as "base") modifications or substitutions. As used herein, "unmodified" or "natural"
nucleobases include the purine bases adenine (A) and guanine (G), and the pyrimidine
bases thymine (T), cytosine (C) and uracil (U). Modified nucleobases include other
synthetic and natural nucleobases such as 5-methylcytosine (5-me-C), 5-hydroxymethyl
cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl derivatives
of adenine and guanine, 2-propyl and other alkyl derivatives of adenine and guanine,
2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 5-propynyl
uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil),
4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted
adenines and guanines, 5-halo particularly 5-bromo, 5-trifluoromethyl and other
5-substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine
and 8-azaadenine, 7-deazaguanine and 7-deazaadenine and 3-deazaguanine and
3-deazaadenine. Further nucleobases include those disclosed ih_U.S. Pat. No. 3,687,808.
Certain of these nucleobases are particularly useful for increasing the binding affinity of
the oligomeric compounds of the invention. These include 5-substituted pyrimidines,
6-azapyrimidines and N-2, N-6 and O-6 substituted purines, including
2-aminopropyladenine, 5-propynyluracil and 5-propynylcytosine. 5-methylcytosine
substitutions have been shown to increase nucleic acid duplex stability by 0.6-1.2. degree
OC and are presently preferred base substitutions, even more particularly when combined
with 2'-O-methoxyethyl sugar modifications.

Another modification of the oligonucleotides of the present invention involves
chemically linking to the oligonucleotide one or more moieties or conjugates that
enhance the activity, cellular distribution or cellular uptake of the oligonucleotide. Such
moieties include but are not limited to lipid moieties such as a cholesterol moiety, cholic
acid, a thioether, (e.g., hexyl-S-tritylthiol), a thiocholesterol, an aliphatic chain, (e.g.,
dodecandiol or undecyl residues), a phospholipid, (e.g., di-hexadecyl-rac-glycerol or
triethylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate), a polyamine or a
polyethylene glycol chain or adamantane acetic acid, a palmityl moiety, or an

octadecylamine or hexylamino-carbonyl-oxycholesterol moiety.
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One skilled in the relevant art knows well how to generate oligonucleotides
containing the above-described modifications. The present invention is not limited to the
antisensce oligonucleotides described above. Any suitable modification or substitution
may be utilized.

It is not necessary for all positions in a given compound to be uniformly modified,
and in fact more than one of the aforementioned modifications may be incorporated in a
single compound or even at a single nucleoside within an oligonucleotide. The present
invention also includes antisense compounds that are chimeric compounds. "Chimeric"
antisense compounds or "chimeras," in the context of the present invention, are antisense
compounds, particularly oligonucleotides, which contain two or more chemically distinct
regions, each made up of at least one monomer unit, i.e., a nucleotide in the case of an
oligonucleotide compound. These oligonucleotides typically contain :;1t least one region
wherein the oligonucleotide is modified so as to confer upon the oligonucleotide
increased resistance to nuclease degradation, increased cellular uptake, and/or increased
binding affinity for the target nucleic acid. An additional region of the oligonucleotide
may serve as a substrate for enzymes capable of cleaving RNA:DNA or RNA:RNA
hybrids. By way of example, RNaseH is a cellular endonuclease that cleaves the RNA
strand of an RNA:DNA duplex. Activation of RNase H, therefore, results in cleavage of
the RNA target, thereby greatly enhancing the efficiency of oligonucleotide inhibition of
gene expression. Consequently, comparable results can often be obtained with shorter
oligonucleotides when chimeric oligonucleotides are used, compared to phosphorothioate
deoxyoligonucleotides hybridizing to the same target region. Cleavage of the RNA target
can be routinely detected by gel electrophoresis and, if necessary, associated nucleic acid
hybridization techniques known in the art. |

Chimeric antisense compounds of the present invention may be formed as
composite structures of two or more oligonucleotides, modified oligonucleotides,
oligonucleosides and/or oligonucleotide mimetics as described above.

The present invention also includes pharmaceutical compositions and
formulations that include the antisense compounds of the present invention as described

below.
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B. Genetic Therapies

The present invention contemplates the use of any genetic manipulation for use in
modulating the expression of cancer markers of the present invention. Examples of
genetic manipulation include, but are not limited to, gene knockout (e.g., removing the
cancer marker gene from the chromosome using, for example, recombination),
expression of antisense constructs with or without inducible promoters, and the like.
Delivery of nucleic acid construct to cells in vitro or in vivo may be conducted using any
suitable method. A suitable method is one that introduces the nucleic acid construct into
the cell such that the desired event occurs (e.g., expression of an antisense construct).

Introduction of molecules carrying genetic information into cells is achieved by
any of various methods including, but not limited to, directed injection of naked DNA
constructs, bombardment with gold particles loaded with said constructs, and
rhacromolecule mediated gene transfer using, for example, liposomes, biopolymers, and
the like. Preferred methods use gene delivery vehicles derived from viruses, including,
but not limited to, adenoviruses, retroviruses, vaccinia viruses, and adeno-associated
viruses. Because of the higher efficiency as compared to retroviruses, vectors derived
from adenoviruses are the preferred gene delivery vehicles for transferring nucleic acid
molecules into host cells in vivo. Adenoviral vectors have been shown to provide very
efficient in vivo gene transfer into a variety of solid tumors in animal models and into
human solid tumor xenografts in immune-deficient mice. Examples of adenoviral vectors
and methods for gene transfer are described in PCT publications WO 00/12738 and WO
00/09675 and U.S. Pat. Appl. Nos. 6,033,908, 6,019,978, 6,001,557, 5,994,132,
5,994,128, 5,994,106, 5,981,225, 5,885,808, 5,872,154, 5,830,730, and 5,824,544, each
of which is herein incorporated by reference in its entirety.

Vectors may be administered to subject in a variety of ways. For example, in
some embodiments of the present invention, vectors are administered into tumors or
tissue associated with tumors using direct injection. In other embodiments,
administration is via the blood or lymphatic circulation (See e.g., PCT publication
99/02685 herein incorporated by reference in its entirety). Exemplary dose levels of

adenoviral vector are preferably 108 to 1011 vector particles added to the perfusate.
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C. Antibody Therapy

In some embodiments, the present invention provides antibodies that target
prostate tumors that express a cancer marker of the present invention (e.g., hepsin, pim-1,
EZH2, Annexin, CTBP, GP73, and AMACR). Any suitable antibody (e.g., monoclonal,
polyclonal, or synthetic) may be utilized in the therapeutic methods disclosed herein. In
preferred embodiments, the antibodies used for cancer therapy are humanized antibodies.
Methods for humanizing antibodies are well known in the art (See e.g., U.S. Patents
6,180,370, 5,585,089, 6,054,297, and 5,565,332; each of which is herein incorporated by
reference).

In some embodiments, the therapeutic antibodies comprise an antibody generated
against a cancer marker of the present invention (e.g., hepsin, pim-1, EZH2, Annexin,
CTBP, GP73, and AMACR), wherein the antibody is conjugated to a cytotoxic agent. In
such embodiments, a tumor specific therapeutic agent is generated that does not target
normal cells, thus reducing many of the detrimental side effects of traditional
chemotherapy. For certain applications, it is envisioned that the therapeutic agents will
be pharmacologic agents that will serve as useful agents for attachment to antibodies,
particularly cytotoxic or otherwise anticellular agents having the ability to kill or suppress
the growth or cell division of endothelial cells. The present invention contemplates the
use of any pharmacologic agent that can be conjugated to an antibody, and delivered in
active form. Exemplary anticellular agents include chemotherapeutic agents,
radioisotopes, and cytotoxins. The therapeutic antibodies of the present invention may
include a variety of cytotoxic moieties, including but not limited to, radioactive isotopes
(e.g., iodine-131, iodine-123, technicium-99m, indium-111, rhenium-188, rhenium-186,
gallium-67, copper-67, yttrium-90, iodine-125 or astatine-211), hormones such as a
steroid, antimetabolites such as cytosines (e.g., arabinoside, fluorouracil, methotrexate or
aminopterin; an anthracycline; mitomycin C), vinca alkaloids (e.g., demecolcine;
etoposide; mithramycin), and antitumor alkylating agent such as chlorambucil or
melphalan. Other embodiments may include agents such as a coagulant, a cytokine,
growth factor, bacterial endotoxin or the lipid A moiety of bacterial endotoxin. For
example, in some embodiments, therapeutic agents will include plant-, fungus- or

bacteria-derived toxin, such as an A chain toxins, a ribosome inactivating protein, o-
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sarcin, aspergillin, restrictocin, a ribonuclease, diphtheria toxin or pseudomonas exotoxin,
to mention just a few examples. In some preferred embodiments, deglycosylated ricin A
chain is utilized.

In any event, it is proposed that agents such as these may, if desired, be
successfully conjugated to an antibody, in a manner that will allow their targeting,
internalization, release or presentation to blood components at the site of the targeted
tumor cells as required using known conjugation technology (See, e.g., Ghose et al.,
Methods Enzymol., 93:280 [1983]).

For example, in some embodiments the present invention provides immunotoxins
targeted a cancer marker of the present invention (e.g., hepsin, pim-1, EZH2, Annexin,
CTBP, GP73, and AMACR). Immunotoxins are conjugates of a specific targeting agent
typically a tumor-directed antibody or fragment, with a cytotoxic agent, such as a toxin
moiety. The targeting agent directs the toxin to, and thereby selectively kills, cells
carrying the targeted antigen. In some embodiments, therapeutic antibodies employ
crosslinkers that provide high in vivo stability (Thorpe et al., Cancer Res., 48:6396
[1988]).

In other embodiments, particularly those involving treatment of solid tumors,
antibodies are designed to have a cytotoxic or otherwise anticellular effect against the
tumor vasculature, by suppressing the growth or cell division of the vascular endothelial
cells. This attack is intended to lead to a tumor-localized vascular collapse, depriving the
tumor cells, particularly those tumor cells distal of the vasculature, of oxygen and
nutrients, ultimately leading to cell death and tumor necrosis. A

In preferred embodiments, antibody based therapeutics are formulated as
pharmaceutical compositions as described below. In preferred embodiments,
administration of an antibody composition of the present invention results in a

measurable decrease in cancer (e.g., decrease or elimination of tumor).

D. Pharmaceutical Compositions
The present invention further provides pharmaceutical compositions (e.g.,
comprising the antisense or antibody compounds described above). The pharmaceutical

compositions of the present invention may be administered in a number of ways
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depending upon whether local or systemic treatment is desired and upon the area to be
treated. Administration may be topical (including ophthalmic and to mucous membranes
including vaginal and rectal delivery), pulmonary (e.g., by inhalation or insufflation of
powders or aerosols, including by nebulizer; intratracheal, intranasal, epidermal and
transdermal), oral or parenteral. Parenteral administration includes intravenous,
intraarterial, subcutaneous, intraperitoneal or intramuscular injection or infusion; or
intracranial, e.g., intrathecal or intraventricular, administration.

Pharmaceutical compositions and formulations for topical administration may
include transdermal patches, ointments, lotions, creams, gels, drops, suppositories,
sprays, liquids and powders. Conventional pharmaceutical carriers, aqueous, powder or
oily bases, thickeners and the like may be necessary or desirable.

Compositions and formulations for oral administration include powders or
granules, suspensions or solutions in water or non-aqueous media, capsules, sachets or
tablets. Thickeners, flavoring agents, diluents, emulsifiers, dispersing aids or binders
may be desirable.

Compositions and formulations for parenteral, intrathecal or intraventricular
administration may include sterile aqueous solutions that may also contain buffers,
diluents and other suitable additives such as, but not limited to, penetration enhancers,
carrier compounds and other pharmaceutically acceptable carriers or excipients.

Pharmaceutical compositions of the present invention include, but are not limited
to, solutions, emulsions, and liposome-containing formulations. These compositions may
be generated from a variety of components that include, but are not limited to, preformed
liquids, self-emulsifying solids and self-emulsifying semisolids.

The pharmaceutical formulations of the present invention, which may
conveniently be presented in unit dosage form, may be prepared according to
conventional techniques well known in the pharmaceutical industry. Such techniques
include the step of bringing into association the active ingredients with the
pharmaceutical carrier(s) or excipient(s). In general the formulations are prepared by
uniformly and intimately bringing into association the active ingredients with liquid
carriers or finely divided solid carriers or both, and then, if necessary, shaping the

product.
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The compositions of the present invention may be formulated into any of many
possible dosage forms such as, but not limited to, tablets, capsules, liquid syrups, soft
gels, suppositories, and enemas. The compositions of the present invention may also be
formulated as suspensions in aqueous, non-aqueous or mixed media. Aqueous
suspensions may further contain substances that increase the viscosity of the suspension
including, for example, sodium carboxymethylcellulose, sorbitol and/or dextran. The
suspension may also contain stabilizers.

In one embodiment of the present invention the pharmaceutical compositions may
be formulated and used as foams. Pharmaceutical foams include formulations such as,
but not limited to, emulsions, microemulsions, creams, jellies and liposomes. While
basically similar in nature these formulations vary in the components and the consistency
of the final product.

Agents that enhance uptake of oligonucleotides at the cellular level may also be
added to the pharmaceutical and other compositions of the present invention. For
example, cationic lipids, such as lipofectin (U.S. Pat. No. 5,705,188), cationic glycerol
derivatives, and polycationic molecules, such as polylysine (WO 97/30731), also enhance
the cellular uptake of oligonucleotides.

The compositions of the present invention may additionally contain other adjunct
components conventionally found in pharmaceutical compositions. Thus, for example,
the compositions may contain additional, compatible, pharmaceutically-active materials
such as, for example, antipruritics, astringents, local anesthetics or anti-inflammatory
agents, or may contain additional materials useful in physically formulating various
dosage forms of the compositions of the present invention, such as dyes, flavoring agents,
preservatives, antioxidants, opacifiers, thickening agents and stabilizers. However, such
materials, when added, should not unduly interfere with the biological activities of the
components of the compositions of the present invention. The formulations can be
sterilized and, if desired, mixed with auxiliary agents, e.g., lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers,
colorings, flavorings and/or aromatic substances and the like which do not deleteriously

interact with the nucleic acid(s) of the formulation.
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Certain embodiments of the invention provide pharmaceutical compositions
containing (a) one or more antisense compounds and (b) one or more other
chemotherapeutic agents that function by a non-antisense mechanism. Examples of such
chemotherapeutic agents include, but are not limited to, anticancer drugs such as
daunorubicin, dactinomycin, doxorubicin, bleomycin, mitomycin, nitrogen mustard,
chlorambucil, melphalan, cyclophosphamide, 6-mercaptopurine, 6-thioguanine,
cytarabine (CA), S-fluorouracil (5-FU), floxuridine (5-FUdR), methotrexate (MTX),
colchicine, vincristine, vinblastine, etoposide, teniposide, cisplatin and diethylstilbestrol
(DES). Anti-inflammatory drugs, including but not limited to nonsteroidal
anti-inflammatory drugs and corticosteroids, and antiviral drugs, including but not limited
to ribivirin, vidarabine, acyclovir and ganciclovir, may also be combined in compositions
of the invention. Other non-antisense chemotherapeutic agents are also within the scope
of this invention. Two or more combined compounds may be used together or
sequentially.

Dosing is dependent on severity and responsiveness of the disease state ';o be
treated, with the course of treatment lasting from several days to several months, or until
a cure is effected or a diminution of the diseése state is achieved. Optimal dosing
schedules can be calculated from measurements of drug accumulation in the body of the
patient. The administering physician can easily determine optimum dosages, dosing
methodologies and repetition rates. Optimum dosages may vary depending on the
relative potency of individual oligonucleotides, and can generally be estimated based on

ECj50s found to be effective in in vitro and in vivo animal models or based on the

examples described herein. In general, dosage is from 0.01 pg to 100 g per kg of body
weight, and may be given once or more daily, weekly, monthly or yearly. The treating
physician can estimate repetition rates for dosing based on measured residence times and
concentrations of the drug in bodily fluids or tissues. Following successful treatment, it
may be desirable to have the subject undergo maintenance therapy to prevent the
recurrence of the disease state, wherein the oligonucleotide is administered in
maintenance doses, ranging from 0.01 pg to 100 g per kg of body weight, once or more

daily, to once every 20 years.
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V. Transgenic Animals Expressing Cancer Marker Genes

The present invention contemplates the generation of transgenic animals
comprising an exogenous cancer marker gene of the present invention or mutants and
variants thereof (e.g., truncations or single nucleotide polymorphisms). In preferred
embodiments, the transgenic animal displays an altered phenotype (e.g., increased or
decreased presence of markers) as compared to wild-type animals. Methods for
analyzing the presence or absence of such phenotypes include but are not limited to,
those disclosed herein. In some preferred embodiments, the transgenic animals further
display an increased or decreased growth of tumors or evidence of cancer.

The transgenic animals of the present invention find use in drug (e.g., cancer
therapy) screens. In some embodiments, test compounds (e.g., a drug that is suspected of
being useful to treat cancer) and control compounds (e.g., a placebo) are administered to
the transgenic animals and the control animals and the effects evaluated.

The transgenic animals can be generated via a variety of methods. In some
embodiments, embryonal cells at various developmental stages are used to introduce
transgenes for the production of transgenic animals. Different methods are used
depending on the stage of development of the embryonal cell. The zygote is the best
target for micro-injection. In the mouse, the male pronucleus reaches the size of
approximately 20 micrometers in diameter that allows reproducible injection of 1-2
picoliters (pl) of DNA solution. The use of zygoteé as a target for gene transfer has a
major advantage in that in most cases the injected DNA will be incorporated into the host
genome before the first cleavage (Brinster ef al., Proc. Natl. Acad. Sci. USA 82:4438-
4442 [1985]). As a consequence, all cells of the transgenic non-human animal will carry
the incorporated transgene. This will in general also be reflected in the efficient
transmission of the transgene to offspring of the founder since 50% of the germ cells will
harbor the transgene. U.S. Patent No. 4,873,191 describes a method for the micro-
injection of zygotes; the disclosure of this patent is incorporated herein in its entirety.

In other embodiments, retroviral infection is used to introduce transgenes into a
non-human animal. In some embodiments, the retroviral vector is utilized to transfect
oocytes by injecting the retroviral vector into the perivitelline space of the oocyte (U.S.

Pat. No. 6,080,912, incorporated herein by reference). In other embodiments, the
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developing non-human embryo can be cultured in vitro to the blastocyst stage. During
this time, the blastomeres can be targets for retroviral infection (Janenich, Proc. Natl.
Acad. Sci. USA 73:1260 [1976]). Efficient infection of the blastomeres is obtained by
enzymatic treatment to remove the zona pellucida (Hogan et al., in Manipulating the
Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. [1986]).
The viral vector system used to introduce the transgene is typically a replication-defective
retrovirus carrying the transgene (Jahner ef al., Proc. Natl. Acad Sci. USA 82:6927
[1985]). Transfection is easily and efficiently obtained by culturing the blastomeres on a
monolayer of virus-producing cells (Stewart, ef al., EMBO J., 6:383 [1987]).
Alternatively, infection can be performed at a later stage. Virus or virus-producing cells
can be injected into the blastocoele (Jahner ez al., Nature 298:623 [1982]). Most of the
founders will be mosaic for the transgene since incorporation occurs only in a subset of
cells that form the transgenic animal. Further, the founder may contain various retroviral
insertions of the transgene at different positions in the genome that generally will
segregate in the offspring. In addition, it is also possible to introduce transgenes into the
germline, albeit with low efficiency, by intrauterine retroviral infection of the
midgestation embryo (Jahner et al., supra [1982]). Additional means of using
retroviruses or retroviral vectors to create transgenic animals known to the art involve the
micro-injection of retroviral particles or mitomycin C-treated cells producing retrovirus
into the perivitelline space of fertilized eggs or early embryos (PCT International
Application WO 90/08832 [1990], and Haskell and Bowen, Mol. Reprod. Dev., 40:386
[1995]).

In other embodiments, the transgene is introduced into embryonic stem cells and
the transfected stem cells are utilized to form an embryo. ES cells are obtained by
culturing pre—implantatién embryos in vitro under appropriate conditions (Evans et al.,
Nature 292:154 [1981]; Bradley et al., Nature 309:255 [1984]; Gossler et al., Proc. Acad.
Sci. USA 83:9065 [1986]; and Robertson et al., Nature 322:445 [1986]). Transgenes can
be efficiently introduced into the ES cells by DNA transfection by a variety of methods
known to the art including calcium phosphate co-precipitation, protoplast or spheroplast
fusion, lipofection and DEAE-dextran-mediated transfection. Transgenes may also be

introduced into ES cells by retrovirus-mediated transduction or by micro-injection. Such
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transfected ES cells can thereafter colonize an embryo following their introduction into
the blastocoel of a blastocyst-stage embryo and contribute to the germ line of the
resulting chimeric animal (for review, See, Jaenisch, Science 240:1468 [1988]). Prior to
the introduction of transfected ES cells into the blastocoel, the transfected ES cells may
be subjected to various selection protocols to enrich for ES cells which have integrated
the transgene assuming that the transgene provides a means for such selection.
Alternatively, the polymerase chain reaction may be used to screen for ES cells that have
integrated the transgene. This technique obviates the need for growth of the transfected
ES cells under appropriate selective conditions prior to transfer into the blastocoel.

In still other embodiments, homologous recombination is utilized to knock-out
gene function or create deletion mutants (e.g., truncation mutants). Methods for
homologous recombination are described in U.S. Pat. No. 5,614,396, incorporated herein

by reference.

EXPERIMENTAL

The following examples are provided in order to demonstrate and further illustrate
certain preferred embodiments and aspects of the present invention and are not to be
construed as limiting the scope thereof.

In the experimental disclosure which follows, the following abbreviations apply:
N (normal); M (molar); mM (millimolar); pM (micromolar); mol (moles); mmol
(millimoles); pmol (micromoles); nmol (nanomoles); pmol (picomoles); g (grams); mg
(milligrams); pg (micrograms); ng (nanograms); 1 or L (liters); ml (milliliters); pl
(microliters); cm (centimeters); mm (millimeters); pm (micrometers); nm (nanometers);

andOC (degrees Centigrade).

Example 1
Preparation of Total RNA and Reference Pools

The prostate surgical specimens were obtained from The University of Michigan
Specialized Research Program in Prostate Cancer (S.P.O.R.E.) Tumor Bank with
Institutional Review Board approval. Tumors samples were derived from patients with

clinically localized and advanced hormone refractory prostate cancer. Table 1 shows the
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samples used in the present studies. All patients were operated on between 1993 and
1998 for clinically localized prostate cancer as determined by preoperative PSA, digital-
rectal examination, and prostate needle biopsy. In addition, a subset of patients received
bone and CAT scans to evaluate the possibility of metastatic spread. All patients
received radical prostatectomy as a monotherapy (i.e., no hormonal or radiation therapy).
The advanced prostate tumors were collected from a series of 12 rapid autopsies
performed at the University of Michigan on men who died of hormone refractory prostate
cancer. In brief, the majority of these patients had either widely metastatic prostate
cancer which was treated with hormonal therapy followed by chemotherapy, or patients
who presented with clinically localized disease which progressed and were then treated
with both hormonal and chemotherapy. The majority of cases had multiple metastatic
lesions to numerous sites. All autopsies were performed within 4-6 hours after death.
The clinical and pathologic findings of these cases have recently been reported (Rubin et
al., Clin. Cancer Res., 6:1038 [2000]). All samples used for the tissue microarray study
were fixed in 10% formalin.

Tissues were homogenized using a polytron homogenizer (Brinkman Instruments)
in Trizol (Gibco BRL) and the total RNA was isolated according to the standard Trizol
protocol. The total RNA obtained was further subjected to an additional round of phenol
chloroform extraction, precipitated and resuspended in RNAse free water. Total RNA
was quantitated by spectrophotmetric (260/280nm) absorbance and integrity judged by
denaturing- formaldehyde agarose gel electrophoresis. Total RNA from four normal
tissues was combined in equal concentrations to obtain the reference pool. The human
prostate total RNA used in the commercial reference pool was obtained from Clontech,
Inc.

Table 1

Prostate Samples

1D PSA level Tissue Gleason Score
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BPH-201 6.2 Prostate NA
BPH-202 3.9 Prostate NA
BPH-203 3.9 Prostate NA
BPH-204 4.6 Prostate NA
BPH-205 4.6 Prostate NA
BPH-206 4.6 Prostate NA
BPH-207 4.8 Prostate NA
BPH-208 13.6 Prostate NA
BPH-209 9.8 Prostate NA
BPH-210 4.6 Prostate NA
BPH-211 2.6 Prostate NA
BPH-212 7.1 Prostate NA
BPH-214 Prostate NA
BPH-215 5.4 Prostate NA
Prostatitis 9.8 Prostate NA
NAP-101 4.6 Prostate NA
NAP-102 9.8 Prostate NA
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NAP-104 7 Prostate NA
NAP-105 0.09 Prostate NA
NAP-107 4.7 Prostate NA
PCA-401 52 Prostate 4+4
PCA-402 22 Prostate 4+3
PCA-403 4.7 Prostate 3+3
PCA-404 8.5 Prostate 3+3
PCA-405 4.6 Prostate 3+3
PCA-406 7.8 Prostate 3+3
PCA-407 7.8 Prostate 3+3
PCA-408 54 Prostate 3+3 |
PCA-409 7 Prostate 3+3
PCA-410 44.6 Prostat; 4+4
PCA-414 Prostate 3+4
PCA-416 24.1 Prostate 4+4
PCA-417 12.4 Prostate 4+4
PCA-420 Prostate 3+3
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PCA-421 13.6 Prostate 3+4
MET-301 Lung NA
MET-302 Liver NA
MET-303 Liver NA
MET-304 Stomach NA
MET-305 Adrenal NA
MET-306 Prostate NA
MET-307 Lymph Node |NA
MET-308 Lymph Node |NA
MET-309 Lymph Node |NA
MET-310 Liver NA
MET-311 Soft tissue NA
MET-312 Liver NA
MET-313 Soft tissue NA
MET-314 Soft tissue NA
MET-315 Soft tissue NA
MET-316 Soft tissue NA
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MET-317 Liver NA
MET-318 bone NA
MET-319 bone NA
MET-320 bone NA

Table 1. Samples employed in the study. Designating PSA level in ng/mL , Organ
sources and Gleason scores. Normal adjacent prostate (NAP), Benign prostatic
hyperplasia (BPH), Localized prostate cancer (PCA) and Hormone refractory metastatic
prostate cancer (MET). NA refers to “not applicable”.

Example 2
Microarray Analysis
This example describes the use of microarray analysis to identify genes that

demonstrate an altered level of expression in cancerous or benign prostate tissues.

A. Experimental Methods

Microarray analysis of gene expression was conducted essentially as described by
the Brown and Derisi Labs (available at the Internet site www.microarrays.org). The
sequence-verified cDNA clones on the human cDNA microarray are available from the
web site of Research Genetics. Based on the latest Unigene build, the 10K human cDNA
microarray used covers approximately 5520 known, named genes and 4464 ESTs. All
chips have various control elements that include human, rat, and yeast genomic DNAs,
SSC, yeast genes and "housekeeping genes," among others. In addition, 500 cancer- and
apoptosis- related cDNAs from Research Genetics were used to serve as independent
controls for clone tracking and function as duplicates for quality control. Three
metastatic prostate cancer cell lines: DU-145, LnCAP, and PC3 were also profiled for

gene expression.
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Fluorescently labeled (CyS) cDNA was prepared from total RNA from each
experimental sample. The two reference samples used in this study were labeled using a
second distinguishable fluorescent dye (Cy3) and included a pool of normal adjacent
prostate tissue (NAP) from four patients (distinct from those used in the experimental
samples) and a commercial pool of normal prostate tissues (CP). In addition to
minimizing patient-to-patient variation, comparisons against pools of normal prostate
tissue facilitate the discovery of genes that molecularly distinguish prostate neoplasms.
The two reference pools are different in that one is comprised of normal adjacent prostate
tissue, which may be influenced by paracrine effects mediated by PCA, and furthermore
is exposed to the same environmental and genetic factors as the adjacent PCA. By
contrast, the CP pool is derived from 19 individuals with no known prostate pathology
and also represents a renewable commercially available reference resource.

Purified PCR products, generated using the clone inserts as template, were spotted
onto poly-L- lysine coated microscope slides using an Omnigrid robotic arrayer
(GeneMachines, CA) equipped with quill-type pins (Majer Scientific, AZ). One full print
run generated approximately 100 DNA microarrays. Protocols for printing and post-

processing of arrays are well known in the art.

B. Data analysis

Primary analysis was done using the Genepix software package. Images of
scanned microarrays were gridded and linked to a gene print list. Initially, data was
viewed as a scatter plot of Cy3 versus Cys5 intensities. Cy3 to Cy5 ratios were
determined for the individual genes along with various other quality control parameters
(e.g., intensity over local background). The Genepix sofiware analysis package flags
spots as absent based on spot characteristics (refer to the web site of Axon Instruments,
Inc.). Bad spots or areas of the array with obvious defects were manually flagged. Spots
with small diameters (< 50 microns) and spots with low signal strengths <350
fluorescence intensity units over local background in the more intense channel were
discarded. Flagged spots were not included in subsequent analyses. Data were scaled

such that the average median ratio value for all spots was normalized to 1.0 per array.
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These files were then imported into a Microsoft Access database. The data for the
required experiments were extracted from the database in a single table format with each
row representing an array element, each column a hybridization and each cell the
observed normalized median of ratios for the array element of the appropriate
hybridization. Prior to clustering, the normalized median of ratio values of the genes
were log base 2 transformed and filtered for presence across arrays and selected for
expression levels and patterns depending on the experimental set as stated. Average
linkage hierarchial clustering of an uncentered Pearson correlation similarity matrix was
applied using the program Cluster (Eisen et al., PNAS 95:14863 [1998]), and the results
were analyzed and figures generated with the program TreeView. TreeView and Cluster

are available from Michael Eisen's lab at the Lawrence Berkeley National Lab.

C. Results

Over forty 10K human cDNA microarrays were used to assess gene expression in
four clinical states of prostate-derived tissues in relation to two distinct reference pools of
normal specimens. Figure 1 provides an overview of the variation in gene expression
across the different tissue specimens analyzed. A hierarchical clustering algorithm was
employed to group genes and experimental samples based on similarities of gene

expression patterns over all the genes and samples tested, respectively.

1. Expression Dendrograms

Relationships between the experimental samples are summarized as dendrograms
(Figure 1a), in which the pattern and length of the branches reflect the relatedness of the
samples. Figure 1a shows dendrograms that reveal the variation in gene expression
pattern between experimental samples with the two references employed. Individual
samples in each group are indicated by the branches of the same color whereby METs are
in dark blue, localized PCAs in orange, NAPs in light blue, BPHs in gray, and cell lines
in pink. Asterisk (*) indicates a sample that was initially documented as BPH, but was
later confirmed to have 5% cancer tissue. The details of metastatic samples used in this
study are as follows: MET 301, from Lung; MET 302 and 303 from liver; MET 304,
from stomach; MET 305 from adrenal gland; MET 306 from prostate; and MET 307 was
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from lymph node. Hierarchical clustering of the data identified distinct patterns of gene
expression between the various groups analyzed. Each row represents a single gene with
1520 genes depicted in b, and 1006 genes depicted in c. The results represent the ratio of
hybridization of fluorescent cDNA probes prepared from each experimental mRNA to
the respective reference pools. These ratios are a measure of relative gene expression in
each experimental sample and are depicted according to the color scale at the bottom left.
Red and green colors in the matrix represent genes that are up- and down-regulated,
respectively, relative to the reference pool employed. Black lines in the matrix represent
transcript levels that are unchanged, while gray lines signify technically inadequate or
missing data (NP, not present). Color saturation reflects the magnitude of the ratio
relative to the median for each set of samples.

Figure 1b shows a cluster diagram of the various sample groups compared against
normal adjacent prostate pool as reference. Data obtained in the expression profiling
experiments included CBCR-t Index number, Clone, ID, Unigene Cluster Ids, Accession
ID, NID, gene symbol, and name fields for each gene used in the array. The name field
contains genes having partial or complete homology based on homology searches. In
addition, the data contains the numerical difference in expression levels compared to the
reference pool for each gene. Prior to hierarchical average-linkage clustering, the data
was filtered for at least a 2—fold change in expression ratio and ratio measurements
present in 50% of the samples. By this method, 1520 genes were selected from the NAP
reference data set. Indicated by vertical bars on the left (b1 to b6) of Figure 1b are
regions identified with characteristic gene expression signatures. Clusters bl and b5
show genes up-regulated in localized PCA but not in metastatic PCA. Clusters b2 and b4
highlight genes down-regulated in metastatic PCA and the cell lines DU145 and LnCAP.
Cluster b3 identifies genes down-regulated in both localized PCA and metastatic PCA.
Cluster b6 highlights genes that are primarily up-regulated in metastatic PCA alone.
Portions of Clusters b4 and b6 are shown enlarged with selected genes shown using
Human genome organization (HUGO) gene nomenclature.

Figure 1c shows a cluster diagram of the various sample groups compared against
the commercial prostate pool reference. Prior to hierarchical average-linkage clustering,

the data was filtered for at least a 3—fold change in expression ratio and ratio

94



10

15

20

25

30

WO 03/012067 PCT/US02/24567

measurements present in 75% of the samples resulting in a total of 1006 genes. Regions
with distinct patterns (c1-c6) are indicated by vertical bars to the right of Figure 1c.
Cluster c1 depicts genes down-regulated in both localized PCA and metastatic PCA.
Cluster c2 represents genes down-regulated only in metastatic PCA. Cluster c3 shows
genes that are highly represented in the commercial pool. Cluster c4 highlights genes

that are up-regulated in localized PCA and in metastatic PCA. Cluster c5 represent genes

with a low representation in the commercial pool. Cluster c6, represents genes that are

down-regulated in metastatic PCA but are up-regulated in all other samples used.

Benign conditions of the prostate such as BPH and NAP cluster separately from
malignant PCA cell lines or tissues, regardless of the reference pool used. Within the
PCA cluster, it is also evident that metastatic PCA and clinically localized PCA formed
distinct subgroups. Similarly, in the "benign" grouping, BPH tended to distinguish itself
from NAP. Interestingly, one of the “BPH” samples initially clustered with the localized
PCA group. Upon further histopathologic review, however, it was discovered that this
sample contained a small focus of neoplastic tissue (~5%), thus accounting for its initial
misclassification (now designated PCA+BPH in Figure 1a).

Fisen matrix formats (Eisen et al., supra) of the variation in gene expression are
also presented (Figure 1 b and 1c). With a global perspective of the data, it is apparent
that metastatic PCA dominates the analysis and has the greatest variation in gene
expression of the samples tested. Bars on the left or right of each matrix represent
clusters of coordinately expressed genes highlighting interrelationships between
specimens. For example, Clusters b3 and c1 represent genes down-regulated in both
localized and metastatic PCA (Figures 1b and 1c). By contrast, Clusters b6 and b4
highlight genes that are specifically up- and down- regulated in metastatic PCA,
respectively (Figure 1b). IGFBP-5, DANI1, FAT tumor suppressor and RAB5A are
examples of genes that are down-regulated specifically in metastatic PCA and also have a
proposed role in oncogenesis (“magnified” regions, Figure 1b). Similarly, cancer-related
genes that are up-regulated in metastatic PCA include MTA-1 (metastasis-associated 1),
MYBL2, and FLS353 (preferentially expressed in colorectal cancer). Many genes in this
“met-specific” cluster are shared by both the metastatic PCA tissue and the two PCA cell
lines DU145 and LnCAP.
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Data was also obtained from the expression profiling of additional prostate tissue
specimens profiled against a commercial prostate reference pool (CPP). A total of 53
prostate specimens were profiled against the commercial pool. They include 4 normal
adjacent prostate tissue (NAP), 14 benign prostatic hyperplasia (BPH), 1 prostatitis, 14
localized prostate cancer (PCA) and 20 hormone refractory metastatic PCA (MET). Prior
to hierarchial average-linkage clustering, the data was filtered for at least 3-fold change in
Cy5/Cy3 ratios and measurements present in 75% of the samples. By this method 1325
genes were selected. The data expands on Figure 1c¢ with an additional 40 samples,

which include all from Figure 1b, and also includes 28 additional prostate specimens.

2. Focused Clusters

Data was next assessed by examining functional groups of known, named genes.
Cancer-related functional clusters were arbitrarily defined including cell growth/cell
death, cell adhesion, anti-protease/protease, free radical scavengers,
inflammation/immunity, phosphatase/kinase, transcription, and miscellaneous (Figures 2
and 6).

One of several available methods of gene selection was used to create a more
limited set of genes for future exploration. In one method, t-statistics (based on
MET/PCA vs. benign) were computed for each gene. The cell line samples were
excluded from the analysis. Also, genes and ESTs that had data missing from 20% of
samples were excluded from analysis. The t-statistics were ranked in two ways. First,
they were ranked by absolute magnitude, which takes into account the inter-sample
variability in expression ratios. Second, they were ranked by the magnitude of the
numerator of the test statistic, which is based on the biological difference in expression
ratios and designated as “effect size” (for MET/PCA vs. benign). A scatterplot of the
genes with the 200 largest effect sizes and 200 largest t-statistics was then plotted (See
Figure 7). Figure 7 shows gene selection based on computed t-statistics for each gene.
Two groups were used in the analysis: PCA/MET and benign (NAP/BPH). Figure 7a
shows analysis of NAP pool data. Figure 7b shows analysis of CP pool data. Selected

genes are named and 200 genes for each data set are shown. Gene selection based on
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each method is shown. Selected gene names or symbols (as specified by Human genome
organization (HUGO) gene nomenclature) are shown.

Genes that made both lists were also looked at separately in order to identify
potential candidate genes. Implementing this methodology on both reference pool data
sets (NAP and CP) yielded genes that included hepsin, pim-1, IM/ENIGMA, TIMP2,

hevin, rig, and thrombospondin-1, among others. Several genes identified using gene

selection methods are described in more detail in the context of "functional" clusters

described in Figure 2.

Figure 2 shows the differential expression of functional clusters of select genes in
prostate cancer. Gene names or symbols (as specified by Human genome organization
(HUGO) gene nomenclature) are shown. The same convention for representing changes
in transcript levels was used as in Figure 1. The sample order from Figure 1 was
preserved for clarity.

Figure 8 shows a focused cluster of PCA-related genes. The same convention for
representing changes in transcript levels was used as in Figure 1. This cluster of 231
genes was generated by selecting for a 3.5-fold variation in at least 2 of any class, and
ratio measurements present in 75% of the samples. Classes included: PCA vs. NAP, MET
vs. NAP, PCA vs. CP and MET vs. CP.

The reliability of the hierarchical clustering results was assessed using three
separate methods: that of Calinski and Harabasz (1974), Hartigan (1975) and Krzanowski
and Lai (1985). The number of “stable” clusters estimated by all these methods is two.
In the CP pool data set, that would elicit a valid benign cluster (NAP and BPH) and a
malignant cluster (PCA and MET).

Many of the genes identified in these “focused” clusters have been implicated
directly or indirectly as cancer biomarkers or mediators of carcinogenesis. Several have
been shown to be dysregulated in PCA. For example, the tumor suppressor gene PTEN
was down-regulated, while the proto-oncogene myc was up-regulated in the microarray
analysis of PCA (Figure 2) (Abate-Shen and Shen, supra). Likewise, decreased
expression of E-cadherin and increased expression of fatty acid synthase, both of which
have been shown to be dysregulated in PCA were observed (Tomita et al., Cancer Res.,
60:3650 [2000] and Shurbaji et al., Hum. Pathol., 27:917 [1996]). In addition to
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uncharacterized expressed sequence tags (ESTs), there are numerous genes that were
identified by the screen but not previously known to be associated with PCA. It is
contemplated that they find use as cancer markers.

Exemplary nucleic acid sequences for some of the genes identified in focused
clusters are shown in Figures 9 and 10. The present invention is not limited to the
particular nucleic acid sequences described in Figures 9 and 10 . One skilled in the art
recognizes that additional variants, homologs, and mutants of the described sequences

find use in the practice of the present invention.

3. Comparison Between NAP and CP pools

A direct comparison between the NAP and CP pool was also made and notable
gene expression differences were readily apparent. Figure 5 shows a comparison
between the NAP and CP pools. The same convention for representing changes in
transcript levels was used as in Figure 1. The cluster was obtained by selecting for genes
with at least a 2.5-fold variation in any two of the samples of each class, namely the
normal tissues versus the NAP pool and normal tissue versus the CP pool at a 50% filter.
Of the genes analyzed 59 were selected with this criteria. Genes that were found to be
up-regulated in the NAP pool in comparison with CP pool included connective tissue
growth factor, EGR-1 (Early Growth Response 1), matrilysin (MMP7), CFLAR/I-FLICE
(caspase 8 and FADD-like apoptosis regulator), lumican, serum glucocorticoid regulated
kinase, lens epithelium derived growth factor, PAIl (plasminogen activator inhibitor type
I), JUN and FOS B, among others. Vascular endothelial growth factor (VEGF), growth
arrest specific (GAS1), cholecystokinin (CCK), amiloride binding protein (ABP1) were
among the down-regulated genes in the normal adjacent prostate pool when compared to
the commercial pool. The present invention is not limited to a particular mechanism.
Indeed, an understanding of the mechanism is not necessary to practice the present
invention. Nonetheless, it is contemplated that the gene expression differences between
normal prostate adjacent to PCA (NAP) and normal prostate tissue from individuals
without prostate pathology (CP) may be attributable to a “field effect” induced by PCA
itself.
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Example 3
Northern Blot Analysis

Thirty micrograms of total RNA was resolved by denaturing formaldehyde
agarose gel and transferred onto Hybond membrane (Amersham) by a capillary transfer
set up. Hybridizations were performed by the method described by Church and Gilbert,
1984. Signal was visualized and quantitated by phosphorimager. For relative fold
estimation, the ratio between the signals obtained from hepsin and GAPDH probes was
calculated.

Selected genes identified by microarray analysis were corroborated by Northern
analysis. - For example, hevin, 4 1/2 LIM domain protein and gelsolin were shown to be
3.2-, 3.2- and 1.9- fold down-regulated, respectively by microarray and 8.8-, 4.5-, and
3.5- fold down-regulated by Northern analysis. Similarly, hepsin was
4.3-fold up-regulated by microarray and 11.3- fold up-regulated by Northern analysis
(Figure 3a). As hepsin is a cell-surface serine protease with transcript expression
precisely restricted to localized and metastatic PCA, its expression was examined in more

detail at the protein level (See Example 4 below).

Example 4
Tissue Analysis
This example describes the analysis of protein expression in normal and

cancerous prostate tissues.

A. Tissue microarray construction.

Kononen et al. have described a method for evaluating tumor tissues in large
numbers on a single glass slide (Kononen ef al., Nat. Med., 4:844 [1998]). These high-
density tissue microarrays allow for analysis of up to 1,000 tissue samples on a single
slide. These slides can be evaluated by routine light microscopy on hematoxylin and
eosin (H&E) prepared and immunohistochemically stained slides. Thus, candidate
cancer biomarkers, identified by gene expression methodologies, can be evaluated at the

protein level over a large number of clinically stratified tumor specimens.
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Prostate tissues uéed in microarray analysis included 4 BPH, 8 NAP, 1
commercial pool of normal prostate tissue (from 19 individuals), 1 prostatitis, 11
localized PCA, and 7 metastatic PCA specimens. High-density tissue microarrays
(TMA) were assembled using a manual tissue puncher/array (Beecher Instruments, Silver
Springs, MD) as previously described (Kononen ef al., Nat. Med., 4:844 [1998]; Perrone
et al., J. Natl. Cancer Inst., 92:937 [2000]). The instrument consists of thin-walled
stainless steel needles with an inner diameter of approximately 600pm and stylet used to
transfer and empty the needle contents. The assembly is held in an X-Y position guide
that is manually adjusted by digital micrometers. Small biopsies are retrieved from
selected regions of donor tissue and are precisely arrayed in a new paraffin block. Tissue
cores were 0.6 mm in diameter and ranged in length from 1.0 mm to 3.0 mm depending
on the depth of tissue in the donor block. Multiple replicate core samples of normal,
HGPIN, and PCA were acquired from each tissue block of each case. Cores were
inserted into a 45 x 20 x 12 mm recipient bock and spaced at a distance of 0.8 mm apart.
Prostate tumor grading was performed using the system described by Gleason (Gleason,
Cancer Chemother Rep., 50:125 [1966]). Pathologic stages for the radical
prostatectomies were determined using the TNM staging system (Schroder ef al., Prostate
Suppl., 4:129 [1992]). Surgical margins were assessed separately and are not included in

tumor staging.

B. Immunohistochemistry

TMA sections were cut at five- micron thick intervals for immunohistochemistry.
Initial sections were stained for hematoxylin and eosin to verify histology. TMA slides
prepared from formalin- fixed paraffin embedded tissue were heated for 0.5 - 1 hours at
60° centigrade. All slides were placed in 10 millimolar citrate buffer (pH 6.0) and
microwaved for 5 minutes. Standard biotin-avidin complex immunohistochemistry was
performed. The affinity purified polyclonal Rabbit antibody against hHepsin was used at
a 1:40 dilution (original concentration 0.2 mg/ml) for this study. Immunostaining
intensity was scored by a dedicated genitourinary pathologist as absent, weak, moderate,
or strong. Scoring was performed using a telepathology system in a blinded fashion

without knowledge of overall Gleason score (e.g., tumor grade), tumor size, or clinical
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outcome (Perrone ef al., supra). A total of 738 tissue samples from benign (n=205),
high- grade PIN (n=38), localized prostate cancer (n=335) and hormone refractory
prostate cancer (n=160) were examined.

Similarly, pim-1 was analyzed using two TMA blocks from a total of 810 PCA
samples from 135 patients. Six PCA samples were evaluated from each case and a
median score was calculated. In addition, a small number of samples with benign
prostatic tissues (e.g., benign epithelium and atrophy) and HG-PIN were examined.
Immunohistochemistry was performed as above, using a rabbit polyclonal antibody
against the N-terminus of pim-1 (Santa Cruz Biotechnology) at a 1:100 dilution. Pim-1
demonstrated cytoplasmic staining and was graded as either negative, weak, moderate, or
strong. All samples were reviewed blinded with respect to all related pathology and

clinical data.

C. Statistical methods

A nonparametric ANOVA test (Mann-Whitney [two categories]) was employed
to evaluate whether the prostate samples expressed hepsin and pim-1 at different levels
based on various parameters (tissue type, Gleason score, and tumor size). Kaplan-Meier
analysis was used to estimate the cumulative percentage of PSA free progression

“survival”). The log-rank test was employed to assess the differences in disease free

progression hepsin immunostaining. Cox proportional- hazard regression was used for
multivariate analysis. Commercial software from SPSS (Chicago, IL) was used for this

study.
D. Results

1. Hepsin

Microarrays used in this study are shown in Figure 3b. Over 700 benign and
malignant prostate tissues were immunohistochemically profiled on tissue microarrays
(Figure 3c-¢) using an affinity-purified hepsin-peptide antibody (Tsuji et al., J. Biol.
Chem., 266:16948 [1991]). Figure 3 shows the overexpression of Hepsin, a

transmembrane serine protease, in prostate cancer. Figure 3a shows a Northern blot
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analysis of human hepsin (top) and normalization with GAPDH (bottom). NAT indicates
normal adjacent prostate tissue and PCA indicates prostate cancer. Figure 3b shows
tissue microarrays used for hepsin analysis. Staining was done with hemotoxylin and
eosin to verify histology.

Immunohistochemical stains demonstrated absent or weak staining of benign
prostate (cl), strong staining in localized prostate cancer (c2-6), and strong staining in a
high-grade prostate tumor (magnification 100X was used for all images, samples measure
0.6 mm in diameter). Benign prostate glands demonstrate weak expression in the
secretory, luminal cells and strong basal cell staining. In areas where prostate cancer and
benign prostate glands are seen, significant hepsin staining differences are observed.
Infiltrating prostate cancers (d3-4) demonstrate strong hepsin protein expression.
Magnification for all images was 400X. Figure 3c shows a histogram of hepsin protein

expression by tissue type. Benign prostate hyperplasia (BPH). High-grade intraepithelial

" neoplasia (HG-PIN). Localized prostate cancer (PCA). Hormone-refractory prostate

cancer (MET). Relative strength of hepsin staining was qualitatively assessed and
categorized. Percentage of hepsin staining per category is shown on the y-axis. Figure 3d
shows Kaplan Meier Analysis. PSA-free survival was stratified by level of hepsin
protein expression into two categories absent/low expression (circles) versus
moderate/strong expression (squares).

Internal controls showed that liver tissue, as previously described, stained strongly
for hepsin. Overall, hepsin exhibited predominantly membrane staining and was
preferentially expressed in neoplastic prostate over benign prostate (Mann-Whitney test,
p<0.0001). Importantly, the precursor lesion of PCA, HG-PIN, had the strongest
expression of hepsin, and almost never had absent staining (Mann-Whitney, p<0.0001).
Most cases of low or absent hepsin staining were seen in benign prostate specimens. In
addition, hormone refractory metastatic cancers were intermediate in staining intensity
between localized prostate tumors and benign prostate.

Men who develop elevated PSA levels following radical prostatectomy are at a
high risk to develop distant metastases and die due to prostate cancer (Pound ez al.,
JAMA, 281:1591 [1999]. Therefore, to assess the usefulness of hepsin as a potential
PCA biomarker, PSA failure was defined as a PSA elevation of greater than 0.2 ng/ml
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following radical prostatectomy. Analysis was performed on 334 localized prostate
cancer samples treating each as an independent sample. PSA elevation following radical
prostatectomy was significantly associated with absent and low hepsin immunostaining
with a 28% (46/119 samples) PSA failure rate, in contrast to 17% (28/141 samples) PSA
failure rate for tumors with moderate to strong hepsin expression (Figure 3d, Log Rank
test P=0.03). Multivariate analysis was performed to examine if these results were
independent of Gleason score, a well-established histologic grading system for PCA
(Gleason, Hum. Pathol., 23:273 [1992]). Based on the results from fitting a Cox
proportional hazards model, there is an association of weak or absent hepsin protein
expression in PCA with increased risk of PSA elevation following prostatectomy, similar
to high Gleason score (corresponding risk ratios were 2.9 (p=0.0004) and 1.65 (p=0.037),
respectively). Weak or absent hepsin expression was also associated with large prostate
cancers; the median tumor dimension for prostate tumors with moderate to strong
expression was 1.3 cm but 1.5 cm for tumors with absent or weak staining (Mann-
Whitney Rank test, P=0.043). Taken together, hepsin protein expression in PCA
correlated inversely with measures of pétient prognosis.

Hepsin is a 51 kDa transmembrane protein with highest expression in the liver,
and like PSA, is a serine protease (Kurachi et al., Methods Enzymol., 244:100 [1994]).
The protease domain of hepsin has access to the extracellular space and can potentially
activate other proteases or degrade components of extracellular matrix. The function of
hepsin is poorly understood. It has been proposed to have a role in controlling cell
growth (Torres-Rosado et al., PNAS, 90:7181 [1993], cell morphology, and activating
the extrinsic coagulation pathway on the cell surface, leading to thrombin formation
(Kazama ef al., J. Biol. Chem., 270:66 [1995]). Additionally, hepsin mRNA levels have
been shown to be elevated in ovarian carcinomas (Tanimoto ef al., Cancer Res., 57 :2884e
[1997]). The present invention is not limited to a particular mechanism. Indeed, an
understanding of the mechanism is not necessary to practice the present invention.
Nonetheless, it is contemplated that the high expression of hepsin in HG-PIN, and not
benign prostate, suggests that hepsin plays a role in the establishment of PIN or in the
transition from HG-PIN to carcinoma. Subsequent decreases in hepsin expression seen in

large localized cancers and hormone-refractory cancers suggest a decreased requirement
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of this protease in later stages of PCA. Alternatively, patients with advanced PCA often
develop disseminated intravascular coagulation (DIC) (Riddell et al., J. Nucl. Med.,
37:401 [1996]) whereby hepsin may play an important role.

2, pim-1

Tumorigenic growth of the prostate depends on the evasion of normal
homeostatic control mechanisms, where cell proliferation exceeds cell death
(Bruckheimer and Kyprianou, Cell Tissue Res., 301: 153 [2000]). While it is well known
that the oncogene myc is overexpressed in many PCAs (Buttyan ef al., prostate 11:327-
37 [1987]; Abate-Shen and Shen, supra), the present invention demonstrates that the-
proto-oncogene pim-1 kinase is similarly up-regulated (cell growth/cell death cluster,
Figure 2). Previous studies suggest that the cooperative interaction between pim-1 and
myc may induce lymphoid cell transformation by promoting cell cycle progression and
blocking apoptosis (Shirogane, ef al., Immunity 11:709 [1999]). The present analysis
supports a similar co-transcriptional regulation (or gene amplification) of pim-1 and myc
possibly mediating a synergistic oncogenic effect in PCA.

Pim-1 kinase protein expression in PCA was also explored using high-denisty
TMAs. Figure 4 shows the overexpression of pim-1 in prostate cancer.
Immunohistochemical stains demonstrated absent or weak staining of benign prostate,
and strong cytoplasmic staining in localized prostate cancer. Benign prostate glands
demonstrated absent or weak expression in the secretory, luminal cells. Infiltrating
prostate cancers demonstrated strong pim-1 protein expression. Magnification for all
images 1000X. Figure 4a shows a histogram of pim-1 protein expression by tissue type
as assessed from 810 tissue microarray elements. High-grade intraepithelial neoplasia
(HG-PIN). Localized prostate cancer (PCA). Relative strength of pim-1 staining is
represented in the included legend. The percentage of pim-1 staining per category shown
on y-axis. Figure 4b shows Kaplan-Meier analysis demonstrating that patients with PCA
that have negative to weak pim-1 expression (bottom line) are at a greater risk of
developing PSA-failure following prostatectomy (log rank p=0.04). PSA-free survival
was stratified by level of pim-1 protein expression into two categories absent/weak

expression (bottom line) versus moderate/strong expression (top line).
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Pim-1 protein was found to be markedly overexpressed in PCA (Figure 4).
Negative to weak pim-1 protein expression was observed in the majority of benign
prostatic epithelial (97%), prostatic atrophy (73%), and high-grade PIN (82%) samples
(Figure 4a). In contrast, moderate to strong pim-1 expression was observed in
approximately half of the PCA samples (51%) (Figure 4a). Kaplan-Meier analysis for
PSA- free survival demonstrated positive extraprostatic extension, seminal vesicle
invasion, Gleason score greater than 7 and decreased pim-1 expression to be associated
with a higher cumulative rate of PSA failure (Figure 4b). By univariate Cox models, it
was found that Pim-1 expression is a strong predictor of PSA recurrence (hazard ratio
(HR)=2.1 (95% CI 1.2-3.8, p=0.01)).

Among the variables examined, significant predictors of PSA recurrence were
Gleason score (HR=1.8 (95% CI 1.1-3.0), p=0.03), Gleason pattern 4/5 PCA
(HR=3.9(95%CI 1.8-8.3), p<0.001), extraprostatic extension status (HR=2.6 (95%CI 1.6-
4.2), p<0.0001), surgical margin status (HR=2.6 (95%CI 1.2-5.6), p=0.01), seminal
vesicle status (HR=3.5 (95%CI 2.0-6.2), p<0.0001), the natural log of pre-operative PSA
level (HR=2.5 (95%CI 1.6-3.8), p<0.001), HR=2.4, p<0.001), and maximum tumor
dimension (HR=2.7 (95%CI 1.6-4.7), p<0.0001). Presence of Gleason pattern 4/5 PCA
(HR=3.8 (95%CI 1.4-10.0), p<0.01), Ln(PSA) (HR=2.1 (95%CI 1.1-3.9), p=0.02), and
decreased pim-1 protein expression (HR=4.5 (95%CI 1.6-15.2), p=0.01) were both found
to be significant predictors of PSA recurrence by a multivariate Cox model. Thus, even
more so than hepsin, decreased expression of pim-1 kinase in PCA correlated
significantly with measures of poor patient outcome.

Pim-1 kinase is a proto-oncogene that is regulated by cytokine receptors
(Matikainen et al., Blood 93:1980 [1999]). It was first described as a common site of
proviral integration in murine retrovirus-induced T cell lymphomas (Cuypers et al., Cell
37:141 [1984]), and was previously thought to be involved exclusively in hematopoietic
malignancies (Breuer et al., Nature 340:61 [1989]). Co-transcriptional regulation of pim-
1 and myc was observed in the experiments described herein (Figure 2 cell growth/cell
death cluster). Chronic overexpression of myc in the ventral prostate of transgenic mice
induced epithelial abnormalities similar to low-grade PIN, but progression to

adenocarcinoma in this model was never observed (Zhang et al., Prostate 43:278 [2000]).
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The present invention is not limited to any one mechanism. Indeed, an understanding of
the mechanism is not necessary to practice the present invention. Nonetheless, it is
contemplated that pim-1 overexpression may potentiate myc- induced prostate
carcinogenesis.

Figure 8 provides a schematic overview of representative genes differentially
expressed in PCA identified by DNA microarray analysis. Genes are grouped
functionally and arrows represent up- or down- regulation in metastatic hormone-
refractory PCA (MET) and/or localized PCA (PCA) relative to normal prostate

epithelium. See Figure 2 for gene expression levels.

Example 5
AMACR Expression Analysis

The Example describes the analysis of the gene expression data described in
Examples 1-4 above to identify AMACR as being consistently over-expressed in prostate

cancer.

A. Tissue Samples

In order to examine the widest range of prostate cancer specimens, clinical
samples were taken from the radical prostatectomy series at the University of Michigan
and from the Rapid Autopsy Program. Both programs are part of the University of
Michigan Prostate Cancer Specialized Program of Research Excellence (S.P.O.R.E.)
Tissue Core.

Prostatectomy cases for the tissue microarray (TMA) outcomes array were
selected from a cohort of 632 patients, who underwent radical retropubic prostatectomy
at the University of Michigan as a monotherapy (i.e., no hormonal or radiation therapy)
for clinically localized prostate cancer between the years of 1994 and 1998. Clinical and
pathology data for all patients was acquired with approval from the Institutional Review
Board at the University of Michigan. Detailed clinical, pathology, and TMA data is
maintained on a secure relational database (Manley et al., Am. J. Pathol., 159:837
[2001]).
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Processing of the prostate specimens began within approximately 15-20 minutes
after surgical resection. The prostates were partially sampled and approximately 50% of
the tissue was used for research. This protocol has been evaluated in a formal study to
assure that partial sampling does not impair accurate staging and evaluation of the
surgical margins (Hollenbeck et al., J. Urol., 164:1583 [2000]). Briefly, alternate
sections of the prostate gland were submitted for histologic review. The remaining
sections were frozen and stored in the SPORE Tissue Core. These samples were
collected only from patients who had signed an IRB-approved informed consent. The
samples were snap-frozen in OCT embedding media at -80°C and stored in a holding
area until the pathology report was finalized. These frozen samples were not available to
researchers until adequate diagnosis and staging had been performed. The samples used
for cDNA expression array analysis and RT-PCR were all evaluated by the study
pathologists. All samples were grossly trimmed such that greater than 95% of the sample
represented the desired lesion (e.g., prostate cancer, BPH, or benign prostate). Samples
with prostate cancer were also assigned a Gleason score based on the sample used for
molecular analysis.

In order to study hormone refractory prostate cancer, a Rapid Autopsy Protocol
was used, which represents a valuable source of metastatic prostate tumors. Modeled
after protocols developed at the University of Washington (Seattle, WA.) and Johns
Hopkins University (Baltimore, MD), this program allows men with advanced prostate
cancer to consent to an autopsy immediately after death. To date, 23 complete autopsies
have been performed with a median time of 2 hours from death to autopsy. This
procedure has previously been described in detail (Rubin ez al., Clin. Cancer Res., 6:1038
[2000]). In brief, patients diagnosed with hormone refractory prostate cancer were asked
to take part in a posthumous tissue donor program. The objectives and procedures for
tissue donation were explained to the patient. Having agreed to participate in this IRB-
approved tumor donor program, permission for autopsy is obtained before the death, with
consent provided by the patient, or by next of kin. Hormone refractory primary and
metastatic prostate cancer samples were collected using liquid nitrogen. Mirrored
samples from the same lesion were placed in 10% buffered formalin. The fixed samples

were embedded in paraffin and used for the development of TMAs. As with the
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prostatectomy samples, the study pathologist reviewed the glass slides, circled areas of
viable prostate cancer, while avoiding areas of necrosis, and used these slides as a

template for TMA construction.

B. Pathology and Evaluation

Prostates were inked before the assessment of surgical margins. Surgical margins
from the apex and base were cut perpendicular to the prostatic urethral axis. The seminal
vesicles were cut perpendicular to their entry into the prostate gland and submitted as the
seminal vesicle margin. The prostates for this study were all partially embedded, taking
alternate full sections from the apex, mid, and base. Detailed prostatectomy pathology
reports included the presence or absence of surgical margin involvement by tumor
(surgical margin status), the presence of extraprostatic extension, and seminal vesicle
invasion. Tumors were staged using the TNM system, which includes extraprostatic
extension and seminal vesicle invasion but does not take into account surgical margin
status (Bostwick ez al., Simin. Urol. Oncol., 17:222 [1999]). Tumors were graded using
the Gleason grading system (Gleason, Cancer Chemother. Rep., 50:125 [1966]; Gleason,
The Veterans Administration Cooperative Urological Research Group. Histologic
Grading and Clinical Staging of Prostate Carcinoma. In: Tannenbaum M, editor. Urologic
Pathology: The Prostate. Philadelphia: Lea & Febiger; 1977. p. 171-98).

As preparation for the construction of the TMAs, all glass slides were re-reviewed
to identify areas of benign prostate, prostatic atrophy, high-grade prostatic intraepithelial
neoplasia, and prostate cancer. To optimize the transfer of these designated tissues to the
arrays, area of tumor involvement was encircled on the glass slide template as tightly
around each lesion as possible. Areas with infiltrating tumor adjacent to benign glands

were avoided.

C. RT-PCR

Total RNA integrity was judged by denaturing-formaldehyde agarose gel
electrophoresis. cDNA was prepared using 1 pg of total RNA isolated from prostate
tissue specimens. Primers used to amplify specific gene products were: AMACR sense,
5' CGTATGCCCCGCTGAATCTCGTG-3' (SEQ ID NO:100); AMACR antisense, 5'-
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TGGCCAATCATCCGTGCTCATCTG-3' (SEQ ID NO:101); GAPDH sense, 5'-
CGGAGTCAACGGATTTGGTCGTAT-3' (SEQ ID NO:102); and GAPDH antisense, 5'-
AGCCTTCTCCATGGTGGTGAAGAC -3' (SEQ ID NO:103). PCR conditions for
AMACR and GAPDH comprised 94°C for 5 min, 28 cycles of 95°C for 1 min, 60°C for
1 min (annealing), and 72°C for 1min, and a final elongation step of 72°C for 7 min.

PCR reactions used a volume of 50 pl, with 1 unit of Tag DNA polymerase (Gibco BRL).
Amplification products (5 pl) were separated by 2% agarose gel electrophoresis and

visualized by ultraviolet light.

D. Immunoblot Analysis

Representative prostate tissue specimens were used for Western blot analysis.
Tissues were homogenized in NP-40 lysis buffer containing 50 mmol/L Tris-HCI, pH 7.4,
1% Nonidet P-40 (Sigma, St. Louis. MO) and complete proteinase inhibitor cocktail
(Roche, IN, USA). Fifteen pg of protein extracts were mixed with SDS sample buffer
and electrophoresed onto a 10% SDS-polyacrylamide gel under reducing conditions. The
separated proteins were transferred onto nitrocellulose membranes (Amersham Pharmacia
Biotech, Piscataway, NJ). The membrane was incubated for 1 hour in blocking buffer
(Tris-buffered saline with 0.1% Tween (TBS-T) and 5% nonfat dry milk). The AMACR
antibody (Obtained from Dr. R Wanders, University of Amsterdam) was applied at
1:10,000 diluted in blocking buffer overnight at 4°C. After washing three times with
TBS-T buffer, the membrane was incubated with horseradish peroxidase-linked donkey
anti-rabbit IgG antibody (Amersham Pharmacia Biotech, Piscataway, NJ) at 1:5000 for 1
hour at room temperature. The signals were visualized with the ECL detection system
(Amersham Pharmacia biotech, Piscataway, NJ) and autoradiography.

For B-tubulin western blots, the AMACR antibody probed membrane was
stripped with Western Re-Probe buffer (Geno-tech, St. Louis, MO) and blocked in Tris-
buffered saline with 0.1% Tween (TBS-T) with 5% nonfat dry milk and incubated with
rabbit anti 8-tubulin antibodies (Santa Cruz Biotechnologies, Santa Cruz, CA) at 1:500

for two hours. The western blot was then processed as described above.
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E. Immunohistochemistry

Standard indirect immunohistochemistry (IHC) was performed to evaluate
AMACR protein expression using a polyclonal anti-AMACR antibody. Protein
expression was scored as negative (score=1), weak (score 2), moderate (3) and strong (4).
In order to evaluate whether AMACR protein expression was associated with prostate
cancer proliferation, a subset of samples were evaluated using the monoclonal mouse IgG
Mib-1 antibody for Ki-67 (1:150 dilution, Coulter-Immunotech, Miami, FI). Microwave
pretreatment (30 minutes at 100 C in Tris EDTA Buffer) for antigen retrieval was
performed using 3,3’ diaminobenzidine tetrahydrocloride as a chromogen. Lymph node

tissue with known high Ki-67 positivity was used as a control.

F. Tissue Microarray Construction, Digital Image Capture, and Analysis

Five TMAs were used for this study. Three contained tissue from the
prostatectomy series and two contained hormone refractory prostate cancer from the
Rapid Autopsy Program. The TMAs were assembled using the manual tissue arrayer
(Beecher Instruments, Silver Spring, MD) as previously described (Kononen et al., Nat.
Med., 4:844 [1998]; Perrone et al., J. Natl. Cancer Inst., 92:937 [2000]). Tissue cores
from the circled areas (as described above) were targeted for transfer to the recipient
array blocks. Five replicate tissue cores were sampled from each of the selected tissue
types. The 0.6 mm diameter TMA cores were each spaced at 0.8 mm from core-center to
core-center. After construction, 4 pm sections were cut and H&E staining was performed
on the initial slide to verify the histology.

TMA H&E images were acquired using the BLISS Imaging System (Bacus Labs,
Lombard, IL)). AMACR protein expression was evaluated in a blinded manner. All
images were scored for AMACR protein expression intensity. In addition, all TMA
samples were assigned a diagnosis (i.e., benign, atrophy, high-grade prostatic
intraepithelial neoplasia, and prostate cancer). This is recommended because the targeted
tissues may not be what were actually transferred. Therefore, verification was performed
at each step. TMA slides were evaluated for proliferation index using a CAS200 Cell
Analysis System (Bacus Labs). Selected areas were evaluated under the 40X objective.

Measurements were recorded as the percentage of total nuclear area that was positively
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stained. All positive nuclear staining, regardless of the intensity, was measured. Sites for
analysis were selected to minimize the presence of stromal and basal cells; only tumor
epithelium was evaluated. Specimens were evaluated for Ki-67 expression as previously
described (Perrone ef al., J. Natl. Cancer Inst. 92:937 [2000]). Each measurement was
based on approximately 50—-100 epithelial nuclei. Due to the fixed size of TMA samples,

5 repeat non-overlapping measurement was the maximum attainable.

G. Analysis of Prostate Needle Biopsies

In order to evaluate the usefulness of AMACR expression in diagnostic 18 gauge
needle biopsies, 100 consecutive biopsies with prostate cancer or atypia that required
further work-up were tested for AMACR expression. All cases were immunostained
using two basal cell specific markers (34BE12 and p63) and AMACR. Cases were
evaluated for cancer sensitivity and specificity. Twenty-six of these cases were seen in
consultation with a pathologist and were considered diagnostically difficult, requiring

expert review and additional characterization.

H. Results

Figure 11 shows a schematic of the DNA and tissue microarray paradigm that
lead to the discovery and characterization of AMACR in prostate cancer. A) Prostate
cancer progression as adapted from Abate-Shen and Shen, (Genes Dev., 14:2410 [2000]).
Distinct molecular changes occur at each stage of prostate cancer progression that can be
studied using DNA microarray or “chip” technology. B) cDNA generated from tumor
(prostate cancer) and reference (benign prostate tissue) samples is labeled with
distinguishable fluorescent dyes and interrogated with a DNA microarray that can
monitor thousands of genes in one experiment. C) After hybridization, the DNA
microarray is analyzed using a scanner and fluorescence ratios determined for each gene
(in this case prostate cancer/ benign tissue). D) The ratios are deposited into a computer
database and subsequently analyzed using various statistical algorithms. One exemplary
method of surveying the data (Eisen ef al., PNAS 95:14863 [1998]) assigns color
intensity to the ratios of gene expression. In this case, shades of red represent genes that

are up-regulated in prostate cancer (e.g., a ratio of 4.0) and shades of green represent

111



10

15

20

25

30

WO 03/012067 PCT/US02/24567

genes that a down-regulated (e.g., ratio of 0.1). Genes that are unchanged between tumor
and benign tissues are represented by a black color and missing elements by a gray color.
E) Genes that are identified by DNA microarray can then be validated at the transcript
level (e.g., Northern blot, RT-PCR) or at the protein level (e.g., immunoblot). F)
Construction of prostate cancer tissue microarrays facilitates the study of hundreds of
patients (rather than hundreds of genes). G) Each tissue microarray slide contains
hundreds of clinically stratified prostate cancer specimens linked to clinical and
pathology databases (not shown). H) Tissue microarray slides can then be analyzed using
various molecular or biochemical methods (in this case immunohistochemistry). I) Both
DNA and tissue microarray data have clinical applications. Examples include, but are
ﬁot limited to: 1. using gene expression profiles to predict patient prognosis, 2.
identification of clinical markers and 3. development of novel therapeutic targets.

Figure 12 summarizes AMACR transcript levels as determined by DNA
microarray analysis over 57 prostate cancer specimens. Samples (Dhanasekaran et al.,
Nature 412: 822 [2001]) were grouped according to tissue type and averaged. The
experimental sample was labeled in the Cy5 channel while the reference sample (pool of
benign prostate tissue) was labeled in the Cy3 channel. The box-plot demonstrates the
range of AMACR expression within each group. Tissues were grouped into the
following classes benign (normal adjacent prostate tissue), benign prostatic hyperplasia
(BPH), clinically localized prostate cancer, and metastatic prostate cancer. In relation to
benign prostate tissues, localized prostate cancer and metastatic prostate cancer were 3.1
(Mann-Whitney test, p<0.0001)and 1.67 (Mann-Whitney test, p<0.004) fold up-
regulated, respectively (represented as Cy5/Cy3 ratios).

DNA microarray results of AMACR mRNA levels were validated using an
independent experimental methodology. AMACR-specific primers were generated and
RT-PCR performed on the various RNA samples from 28 prostate tissue specimens and 6
prostate cell lines (Figure 13A). GAPDH served as the loading control. Pool, refers to
RNA from normal prostate tissues obtained from a commercial source. NAP, normal
adjacent prostate tissue from a patient who has prostate cancer. 3+3, 3+4, 4-+4, refers to
the major and minor Gleason patterns of the clinically localized prostate cancer (PCA)

examined. MET, metastatic prostate cancer. Various prostate cell lines are also
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examined. RT-PCR without enzyme served as a negative control. An RT-PCR product
was clearly observed in the 20 localized prostate cancer samples but not in the benign
samples examined. Metastatic prostate cancer and prostate cell lines displayed varying
levels of AMACR transcript as compared to localized prostate cancer.

In order to gauge AMACR protein levels, immunoblot analysis was performed on
selected prostate tissue extracts (Figure 13B). B-tubulin served as a control for sample
loading. Similar to AMACR transcript, over-expression of AMACR protein was
observed in malignant prostate tissue relative to benign prostate tissue.

In order to validate protein expression of AMACR in situ, a separate cohort of
prostate samples from those used in the cDNA expression array analysis was used. These
prostate samples were taken from the University of Michigan Prostate SPORE Tissue
Core and were assembled onto high-density tissue microarrays (schematically illustrated
in Figure 11F-H). Moderate to strong AMACR protein expression was seen in clinically
localized prostate cancer samples with predominately cytoplasmic localization. A large
contrast in levels of AMACR in malignant epithelia relative to adjacent benign epithelia
was seen. Prostatic intraepithelial neoplasia (PIN) and some atrophic lesions, which are
thought to be potentially pre-cancerous lesions (Putzi ef al., Urology 56:828 [2000]; Shah
et al., Am. J. Pathol., 158:1767 [2001]), demonstrated cytoplasmic staining of AMACR.
High-grade prostate cancer also demonstrated strong cytoplasmic staining. However, no
association was identified with AMACR staining intensity and Gleason (tumor) score.
Many of the metastatic prostate cancer samples demonstrated only weak AMACR
expression. The metastatic samples showed uniform PSA immunostaining, confirming
the immunogenicity of these autopsy samples.

In order to assess AMACR protein expression over hundreds of prostate
specimens, the tissue microarray data was quantitated. Benign prostate, atrophic prostate,
PIN, localized prostate cancer, and metastatic prostate cancer demonstrated mean
AMACR protein staining intensity of 1.0 (SE 0), 2.0 (SE 0.1), 2.5 (SE 0.1), 3.0 (SE 0),
and 2.5 (SE 0.1), respectively (ANOVA p-value<0.0001). This data is graphically

summarized using error bars representing the 95% confidence interval for each tissue

category (Figure 14).
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The correlation of AMACR levels with tumor proliferation was next investigated
using Ki-67 (Perrone et al., supra). There was no significant association between
AMACR expression and Ki-67 expression with a correlation coefficient of 0.13 (p-
value=0.22). In addition, no significant associations were identified between AMACR
protein expression and pathology parameters such as radical prostatectomy, Gleason
score, tumor stage, tumor size (cm), or surgical margin status. AMACR protein levels
were next evaluated for association with PSA recurrence following surgery in 120
prostatectomy cases with a median follow-up time of 3 years. No statistically significant
association was identified. AMACR demonstrated uniform moderate to strong
expression in clinically localized prostate cancer with a high sensitivity for tumor and an
equally high specificity. In addition, a preliminary survey of normal tissues including
ovary, liver, lymph nodes, spleen, testis, stomach, thyroid, colon, pancreas, cerebrum,
and striated muscle revealed significant AMACR protein expression in only normal liver.

The large difference in AMACR protein levels between normal secretory
epithelial cells and malignant cells provides a clinical use for testing AMACR expression
in prostate needle biopsy specimens. In diagnostically challenging cases, pathologists
often employ the basal cell markers 34BE12 (O'Malley et al., Virchows Arch A Patho.
Anat. Histopathol., 417:191 [1990]; Wojno et al., Am. J. Surg. Pathol., 19:251 [1995];
Googe et al., Am. J. Clin. Pathol., 107:219 [1997] or p63 (Parson et al., Urology 58:619
[2001]; Signoretti et al., Am. J. Pathol., 157:1769 [2000]), which stain the basal cell layer
of benign glands. This second basal cell layer is absent in malignant glands. In many
equivocal biopsy specimens, the surgical pathologist must rely on absence of staining to
make the final diagnosis of prostate cancer. The clinical utility of AMACR
immunostaining on 94 prostate needle biopsies was evaluated. The results are shown in
Table 2. The sensitivity and specificity were calculated as 97% and 100%, respectively.
These results included 26 cases where the final diagnosis required the use of a basal cell
specific immunohistochemical marker (i.e., 34BE12 or p63).

This example demonstrated that AMACR is associated with PCA and that
AMACR expression in prostate biopsies is useful for the diagnosis of cancer in

inconclusive biopsy samples.
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Table 2
Clinical utility of Assessing AMACR Protein in Prostate Needle Biopsies (n=94)
Sensitivity Specificity Positive Predictive Value | Negative Predictive
(TP/(TP+FN)) (TN/(TN+FEP)) (TP/(TP+FP)) Value (TN/(TN+FN))
97% ((68/(2+68)) | 100% ((24/(24+0)) | 100% ((68/(68+0)) 92% ((24/24+2))

10

15

20

25

Example 6
Hormone Regulation of AMACR

This example describes studies that indicate that AMACR expression is hormone

independent.

A. Sample collection, cDNA array and TMA construction and evaluation

Clinical samples were taken from the radical prostatectomy series and from the

Rapid Autopsy Program at the University of Michigan. Both are part of the University of

Michigan Prostate Cancer Specialized Program of Research Excellence (S.P.O.R.E.).

Primary PCA of metastatic cases as well as lymph node metastases were contributed in

collaboration from the University of Ulm, Germany. Detailed clinical and expression

analysis as well as TMA data was acquired and maintained on a secure relational

database according to the Institutional Review Board protocol of both institutions.

Tissue procurement for expression analysis on the RNA level is described in the above

examples. For the development of TMA, samples were embedded in paraffin. The study

pathologist reviewed slides of all cases and circled areas of interest. These slides were

used as a template for construction of the six TMAs used in this study. All TMAs were

assembled using a manual tissue arrayer (Beecher Instruments, Silver Spring, MD). At

least three tissue cores were sampled from each donor block. Histologic diagnosis of the

tissue cores was verified by standard haematoxylin and eosin (H&E) staining of the

initial TMA slide. Standard biotin-avidin complex immunohistochemistry (IHC) was

performed using a polyclonal anti-AMACR antibody (Ronald Wanders, University of

Amsterdam). Digital images were acquired using the BLISS Imaging System (Bacus

Lab, Lombard, IL). Staining intensity was scored as negative (score=1), weak (score 2),

moderate (3) and strong (4). For exploration of the treatment effect by the means of
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hormonal withdrawal before radical prostatectomy, standard slides were used for regular
H&E staining and consecutive sections for detection of AMACR expression. In order to
test AMACR expression in poorly differentiated colon cancers, cases were used from a
cohort of well-described colon tumors. In addition to well-differentiated colon cancers, a
recently described subset of poorly differentiated colon carcinomas with a distinctive
histopathological appearance, termed large cell minimally differentiated carcinomas, was
used. These poorly differentiated colon carcinomas had a high frequency of the

microsatellite instability phenotype.

B. Cell culture and immunoblot analysis

Prostate cell lines (RWPE-1, LNCaP , PC3 and DU145) were obtained from the
American Tissue Culture Collection. Cells were maintained in RPMI-1640 with 8%
decomplemented fetal bovine serum, 0.1% glutamine and 0.1% penicillin and
streptomycin (BioWhittaker, Walkersville, MD). Cells were grown to 75% confluence
and then treated for 24 and 48 with the antiandrogen bicalutamide (CASODEX, Zeneca
Pharmaceuticals, Plankstadt, Germany) at a final concentration of 20 uM or with
methyltrienolone (synthetic androgen (R1881); NEN, Life Science Products, Boston,
MA) at a final concentration of 1 nM. Cells were harvested and lysed in NP-40 lysis
buffer containing 50 mmol/L Tris-HC1, pH 7.4, 1% Nonidet P-40 (Sigma, St. Louis, MO)
and complete proteinase inhibitor cocktail (Roche, IN, USA). 15 pg of protein extracts
were mixed with SDS sample buffer and electrophoresed onto a 10% SDS-
polyacrylamide gel under reducing conditions. After transferring, the membranes
(Amersham Pharmacia Biotech, Piscataway, NJ) were incubated for 1 hour in blocking
buffer (Tris-buffered saline with 0.1% Tween and 5% nonfat dry milk). The AMACR
antibody was applied at 1:10.000 diluted blocking buffer overnight at 4°C. After three
washes with TBS-T buffer, the membrane was incubated with horseradish peroxidase-
linked donkey anti-rabbit IgG antibody (Amersham Pharmacia Biotech, Piscataway, NT)
at 1:5000 for 1 hour at room temperature. The signals were visualized with the ECL
detection system (Amersham Pharmacia biotech, Piscataway, NJ). For B-tubulin blots,
membranes were stripped with Western Re-Probe buffer (Geno-tech, St. Louis, MO) and
blocked in Tris-buffered saline with 0.1% Tween with 5% nonfat dry milk and incubated
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with rabbit anti B-tubulin antibodies (Santa Cruz Biotechnologies, Santa Cruz, CA) at
1:500 for two hours. For PSA expression the membranes were reprobed in the described
manner with PSA antibody (rabbit polyclonal; DAKO Corporation, Carpinteria, CA) at 1:
1000 dilution and further processed.

C. Statistical Analysis

Primary analysis of the cDNA expression data was done with the Genepix
software. Cluster analysis with the program Cluster and generation of figures with
TreeView was performed as described above. AMACR protein expression was
statistically evaluated using the mean score result for each prostate tissue type (i.e.,
benign prostate, naive localized or advanced prostate cancer, hormone treated and
hormone refractory prostate cancer). To test for significant differences in AMACR
protein expression between all tissue types, a one-way ANOVA test was performed. To
determine differences between all pairs, a post-hoc analysis using the Scheffé method
was applied as describéd above. For comparison of naive primaries to their
corresponding lymph node metastases with respect to AMACR protein expression, a non
parametric analysis (Mann Whitney test) was performed. To compare AMACR
expression intensity to the scored hormonal effect of the pretreated localized prostate
cancer cases the Mantel-Haenszel Chi-Square test was applied. AMACR expression
scores are presented in a graphical format using error-bars with 95% confidence intervals.

P-values <0.05 were considered statistically significant.

D. Results

Hierarchical clustering of 76 prostate tissues including benign, BPH, localized
PCA and metastatic PCA and filtering for only those genes with a 1.5 fold expression
difference or greater, clustered the samples into histologically distinct groups as
described above. As demonstrated by a TreeView presentation of this data (Figure 15),
AMACR was one of several genes that demonstrated over expression at the cDNA level
of PCA samples with respect to benign pooled prostate tissue. The highest level of over

expression by cDNA analysis was in the clinically localized PCA cases.
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In order to further investigate the role of AMACR protein expression in samples
with variable differentiation and exposure to anti-androgen treatment, several TMAs with
a wide range of PCA were constructed: a total of 119 benign prostate samples, 365
primary hormone naive PCA samples, 37 naive prostate cancer lymph node metastases,
and 41 hormone refractory metastatic PCA samples were evaluated. An additional 49
hormone treated primary prostate cancers (including 22 on standard slides) were
examined for histologic changes associated with anti-androgen treatment and AMACR
protein expression. The mean AMACR protein expression levels for each tissue category
is presented in Figure 16. Benign prostate, naive primary prostate cancer, hormone
treated primary cancer, and hormone refractory metastatic tissue had a mean staining
intensity of 1.28 (Standard Error SE 0.038, 95% Confidence Intervals CI 1.20-1.35),
3.11(SE 0.046, CI 3.02-3.20), 2.86 (SE 0.15, CI 2.56-3.15) and 2.52 (SE 0.15, CI 2.22-
2.28), respectively). One-way ANOVA analysis revealed a p-value of <0.0001. To
specifically examine the difference between different tissue types, a post-hoc pair-wise
comparison was performed. Clinically localized PCA demonstrated a significantly
stronger AMACR protein expression as compared to benign prostate tissue (post-hoc
analysis using Scheffé method, mean difference =1.83, p<0.0001, CI 1.53-2.13). A
significant decrease in AMACR proteiﬁ expression was observed in the metastatic
hormone refractory PCA samples with respect to clinically localized PCA (0.59, p=0.002,
C10.15-1.03). Hormone treated primaries had a mean AMACR expression of 2.86,
which was between the expression levels of naive primaries (3.11) and hormone
refractory cases (2.52) (post-hoc analysis using Scheffé method, p=0.51, CI-0.66-0.16
and p=0.56, CI -0.23-0.91). There was no significant difference in AMACR expression
in the 37 naive primary prostate samples and lymph node metastases derived from the
same patient (Mann Whitney test, p=0.8). In other words, matched primaries and lymph
node metastases showed similar AMACR expression pattern.

A subset of 22 PCA cases in which the patients received variable amount and
types of anti-androgen treatment prior to surgery was examined. These cases were
evaluated blindly with respect to treatment protocol for histological evidence of hormone
treatment (H&E slide) and AMACR protein expression. The hormonal effect visible on

the H&E slides was classified from 1 to 4 with 1 representing “no effect” and 4 showing
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a “very strong effect”. 13 cases demonstrated either no or moderate hormonal effect, and
9 cases had a very strong hormonal effect. Statistical analysis revealed a significant
difference between these two groups with respect to AMACR expression intensity
(Figure 17, Mantel-Haenszel Chi-Square, p=0.009). Figure 17 presents an example of a
PCA case treated prior to surgery with anti-androgens that has a strong hormonal effect
appreciated on H&E and decreased AMACR protein expression (Figure 17A). In this
dataset there was neither a correlation between treatment duration nor treatment type
(monotherapy or complete hormonal withdrawal for hormone deprivation) and AMACR
expression.

For further exploration of the hormonal effect on AMACR expression, primary
cell culture experiments and Western blot analysis were performed. As demonstrated in
Figure 17 Panel B, LNCaP cells, derived from a metastatic lesion but considered
hormone responsive, showed a higher baseline AMACR expression as compared to PC3
and DU-145 cells, which are both hormone independent cell lines derived from
metastatic lesions. A benign cell line, RWPE-1 (Bello et al., Carcinogenesis 18:1215
[1997]), showed near absent AMACR expression, which is consistent with the in situ
protein expression data. To simulate an anti-androgen treatment, the hormone responsive
cell line LNCaP was treated with bicalutamide in a final concentration of 20 pM for a
time period of 24 and 48 hours. AMACR expression in cell lysates of LNCaP cells did
not change at either time point when exposed to anti-androgen therapy. Under the same
conditions, PSA, a gene known to be regulated by the androgen receptor, showed
decreased protein expression. In addition, when LNCaP cells were exposed to a synthetic
androgen R1881, no increase in AMACR expression was observed (Figure 17, Panel B).
Therefore, these cell culture experiments provide evidence that AMACR expression is
not regulated by the androgen pathway.

The present invention is not limited to a particular mechanism. Indeed, an
understanding of the mechanism is not necessary to practice the present invention.
Nonetheless, it is contemplated that another explanation for these observations was that
AMACR over expression occurred in PCA, but as these tumors became poorly
differentiated, as in the hormone refractory PCA, AMACR expression was down
regulated either directly or indirectly due to the process of de-differentiation. To
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elucidate this potential correlation colon cancer samples were examined for AMACR
expression (See Example 7). AMACR protein expression is also observed in some other
tumor types, with the highest overall expression in colorectal cancers. Colorectal cancers
are not known to be regulated by androgens and were therefore used as a control to test
this hypothesis. Four well differentiated and seven anaplastic colon cancer samples were
chosen. The poorly differentiated tumors have distinct molecular alterations
distinguishing them from the common well to moderately differentiated colorectal tumors
(Hinoi et al., Am. J. Pathol. 159:2239 [2001]). Strong AMACR protein expression in a
moderately differentiated colon cancer was observed. This tumor still forms well defined
glandular structures. The surrounding benign colonic tissue does not express AMACR.
The anaplastic colon cancers demonstrated weak AMACR protein expression. Primarily
data revealed positive AMACR expression in 4/4 well differentiated cases but only 4/7
anaplastic colonic cancers. Three of the anaplastic colon cancers had weak to moderate
expression. Metastatic hormone refractory PCA demonstrated weak AMACR protein

expression in tissue microarrays.

Example 7
AMACR Expression in a Variety of Cancers

A. Analysis of online EST and SAGE database

The National Cancer Institute Cancer Genome Anatomy Project (CGAP) has
several gene expression databases available online for comparing gene expression across
multiple samples (See the Internet Web site of the National Cancer Institute). Both EST
and SAGE databases offer Virtual Northern blots, which allow users to visualize and
compare the expression level of a particular gene among multiple samples. The SAGE
database includes over 5 million tags from 112 libraries of multiple benign and malignant

tissues.
B. Selection of study cases

A total of 96 cases of cancers from different sites were selected for construction

of a multi-tumor tissue microarray. The tissue microarray was constructed to perform a
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wide survey of multiple common tumor types. A minimum of three tissue cores (0.6 mm
in diameter) was taken for each case. Tumors surveyed included colorectal
adenocarcinoma (n=15 cases), renal cell carcinoma (6), prostatic adenocarcinoma (6),
urothelial carcinoma (4), cervical squamous cell carcinoma (6), lung non-smail cell
carcinoma (4), lymphoma (15), melanoma (9) and several other cancer types. Normal
adjacent tissue was taken when available. The prostate tissue microérray was constructed
from selected patients who underwent radical prostatectomies as monotherapy for
clinically localized prostate cancer. This tissue microarray contained a spectrum of
prostatic tissue including prostatic atrophy, high-grade prostatic intraepithelial neoplasia
(PIN), and clinically localized prostate cancer. In addition, standard slides were used to
confirm results for colon cancer. Twenty-four cases of colorectal adenocarcinoma (16
well to moderately differentiated carcinoma and 8 large cell minimally differentiated
carcinoma) and 8 endoscopically derived colorectal adenomas were selected for
immunostaining for AMACR. For breast carcinoma, a TMA of 52 cases of invasive
ductal carcinoma was used. Specimens were collected and analyzed in accordance with

the Institutional Review Board guidelines.

C. Immunohistochemistry

Standard avidin-biotin complex immunohistochemistry was used. Pre-treatment
was performed by steaming the slides for 10 minutes in sodium citrate buffer in a
microwave oven. The slides were then incubated sequentially with primary antibody
(1:2000 dilution, polyclonal rabbit anti-AMACR antibody), biotinylated secondary
antibody, avidin-biotin complex and chromogenic substrate 3,3’-diaminobenzidine.
Slides were evaluated for adequacy using a standard bright field microscope. Digital
images were then acquired using the BLISS Imaging System (Bacus Lab, Lombard, II)
and evaluated by two pathologists. Protein expression was scored as negative, weak stain
(faint cytoplasmic stain or granular apical staining), moderate (diffuse granular
cytoplasmic stain) and strong (diffuse intense cytoplasmic stain). Only moderate and

strong staining was considered as positive staining,
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D. Laser Capture Microdissection

Sections of 2 radical prostatectbmy samples were frozen in OCT in accordance
with an Institutional Review Board protocol. Frozen sections (5 p m thick) were fixed in
70% alcohol for 10 minutes and then stained in hemotoxylin and eosin. Prostate cancer
and benign prostate glands were dissected on a pCUT laser capture microdissector (MMI
GmbH, Heidelberg; Germany). Approximately 6000 cells were harvested. Total RNA
was isolated using Qiagen micro-isolation kit (Qiagen, San Diego, CA). Reverse
transcription was performed using both oligo dT and random hexamer primers. Primers
used to amplify specific gene products were: AMACR sense, 5°-
CGTATGCCCCGCTGAATCTCGTG-3’ (SEQ ID NO:104); AMACR antisense, 5°-
TGGCCAATCATCCGTGCTCATCTG-3’ (SEQ ID NO:105); GAPDH sense,
5’AGCCTTCTCCATGGTGGTGAAGAC-3’ (SEQ ID NO:106); and GAPDH antisense,
5’-AGCCTTCTCCATGGTGGTGAAGAC-3’ (SEQ ID NO:107). PCR conditions for
AMACR and GAPDH were: heat denaturation at 94°C for 5 min, cycles of 94°C for 1
min, 60°C for 1 min, and 72°C for 1 min (32 cycles for GAPDH, 40 cycles for AMACR),
and a final extension step at 72°C for 5 min. PCR products were then separated on 2%

agarose gel and visualized by UV illumination.

E. Results

Using the Virtual Northern tool from the online CGAP program, AMACR
expressibn was surveyed in two databases, EST and SAGE libraries. AMACR was found
to be expressed in a wide range of tissues, including central and peripheral nervous
system, colon, kidney, breast, pancreas, prostate and blood. Compared to their normal
counterparts, a number of cancers have elevated AMACR expression, including tumors
arising in bone marrow, breast, colon, genitourinary system, lung, lymph node, nervous
system, pancreas, prostate, soft tissue and uterus.

To confirm the gene expression data, AMACR immunohistochemistry was
performed on a multi-tumor tissue array that included some of the most common cancers
from multiple sites. AMACR protein level was increased in many cancers, including
colorectal, prostate, ovarian, lung cancers, lymphoma and melanoma (Figure 18). In

particular, AMACR over-expression was observed in 92% and 83% of colorectal and
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prostate cancer, respectively. Using a breast cancer tissue microarray, it was found that
AMACR over-expression was present in 44% of invasive ductal carcinomas. AMACR
over expression was not observed in female cervical squamous cell carcinoma (6 cases).

To further characterize AMACR expression in a spectrum of proliferative prostate
lesions, a prostate tissue microarray, which included prostate cancer, high grade PIN and
atrophic glands, was utilized. Positive AMACR staining (moderate and strong staining)
was observed in 83% and 64% of clinically localized prostate cancer and high-grade PIN,
respectively. Focal AMACR expression was observed in 36% of the atrophic lesions and
in rare morphologically benign glands. To confirm that AMACR protein over-expression
was the result of increased gene transcription, laser capture microdissection was used to
isolate cancerous and benign prostatic glands. RT-PCR was performed to assess the
AMACR mRNA expression. Benign glands had very low baseline expression (Figure
19). In contrast, prostate cancer had much higher mRNA level, confirming that increased
AMACR gene transcription leads to elevated protein over expression in prostate cancer.

AMACR expression was studied in 24 colorectal adenocarcinomas, including 16
well to moderately differentiated, and 8 poorly differentiated large cell adenocarcinomas.
Overall, 83% (20/24) demonstrated positive AMACR protein expression. All (16/16,
100%) cases of well to moderately differentiated carcinoma had positive staining,
compared to 64% (5/8) of poorly differentiated carcinoma. AMACR expression was
examined in 8 colorectal adenoma biopsies obtained by colonoscopy. Moderate staining
was present in 6 (75%) cases. Compared with well-differentiated adenocarcinomas,

adenomas usually showed more focal (10-60% of cells) and less intense staining,

Example 8

Characterization of EZH?2 expression in Prostate Cancer

A. SAM Analysis

SAM analysis was performed by comparing gene expression profiles of 7
metastatic prostate cancer samples against 10 clinically localized prostate cancer samples.
Data was normalized per array by multiplication by a factor to adjust the aggregate ratio

of medians to one, then log base 2 transformed and median centered. This normalized
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data was divided into two groups for comparison using a two-class, unpaired t-test.
Critical values for the analysis include: Iterations = 500, Random Number Seed 1234567,
a fold change cutoff of 1.5 and a delta cutoff of 0.985, resulting in a final largest median
False Discovery Rate of 0.898 % for the 535 genes selected as significant (55 relatively
up and 480 relatively down regulated between MET and PCA). These 535 genes were
analyzed using Cluster (Eisen et al., PNAS 95:14863 [1998]) implementing average
linkage hierarchical clustering of genes. The output was visualized by Treeview (Eisen et
al., [1998], supra).

B. RT-PCR

Reverse transcription and PCR amplification were performed with 1 pg total
RNA isolated from the indicated prostate tissues and cell lines. Human EZH2 forward
(5-GCCAGACTGGGAAGAAATCTG-3’ (SEQ ID NO:108)), reverse (5°-
TGTGCTGGAAAATCCAAGTCA-3’ (SEQ ID NO:109)) and GAPDH sense (5°-
CGGAGTCAACGGATTTGGTCGTAT- 3’ (SEQ ID NO:110)), antisense 5'-
AGCCTTCTCCATGGTGGTGAAGAC-3’ (SEQ ID NO:111)) primers were used. The

amplified DNA was resolved on agarose gels and visualized with ethidium bromide.

C. Immunoblot Analysis |

Prostate tissue extracts were separated by SDS-PAGE and blotted onto
nitrocellulose membranes. Anti-EZH2 (Sewalt ez al., Mol. Cell. Biol. 18:3586 [1998]),
anti-EED (Sewalt et al., supra), and polyclonal anti- tubulin (Santa Cruz biotechnology)
antibodies were used at 1:1000 dilution for immunoblot analysis. The primary antibodies
were detected using horseradish peroxidase-conjugated secondary antibodies and
visualized by enhanced chemiluminescence as described by the manufacturer
(Amersham-Pharmacia).

D. Tissue Microarray Analysis
Clinically stratified prostate cancer tissue microarrays used in this study have
been described previously (See above examples). Tissues utilized were from the radical

prostatectomy series at the University of Michigan and from the Rapid Autopsy Program,
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which are both part of University of Michigan Prostate Cancer Specialized Program of
Research Excellence (S.P.O.R.E.) Tissue Core. Institutional Review Board approval was
obtained to procure and analyze the tissues used in this study.

EZH-2 protein expression was evaluated on a wide range of prostate tissue to
determine the intensity and extent in sifu. Immunohistochemistry was performed on
three tissue microarrays (TMA) containing samples of benign prostate, prostatic atrophy,
high-grade prostatic intraepithelial neoplasia (PIN), clinically localized prostate cancer
(PCA), and metastatic hormone refractory prostate cancer (HR-METSs). Standard
biotin-avidin complex immunohistochemistry (IHC) was performed to evaluate EZH2
protein expression using a polyclonal anti-EZH?2 antibody. Protein expression was
scored as negative (score=1), weak (score 2), moderate (3) and strong (4).

Approximately 700 TMA samples (0.6 mm diameter) were evaluated for this
study (3-4 tissue cores per case). The TMAs were assembled using a manual tissue
arrayer (Beecher Instruments, Silver Spring, MD) as previously described (See above
examples). Four replicate tissue cores were sampled from each of the selected tissue
types. After construction, 4 pm sections were cut and hematoxylin and eosin staining
was performed on the initial slide to verify the histologic diagnosis. TMA hematoxylin
and eosin images were acquired using the BLISS Imaging System (Bacus Lab, Lombard,
IL). EZH?2 protein expression was evaluated in a blinded manner by the study
pathologist using a validated web-based tool (Manley et al., Am. J. Pathol. 159:837
[2001]; Bova et al., Hum. Pathol. 32:417 [2001]) and the median value of all

measurements from a single patient were used for subsequent analysis.

E. Clinical Outcomes Analysis

To assess individual variables for risk of recurrence, Kaplan-Meier survival
analysis was performed and a univariate Cox proportional hazards model was generated.
PSA-recurrence was defined as 0.2 ng/ml following radical prostatectomy. Covariates
included Gleason sum, preoperative PSA, maximum tumor dimension, tumor stage, and
surgical margin status. To assess the influence of several variables simultaneously
including EZH2 iarotein expression, a final multivariate Cox proportional hazards model

of statistically significant covariates was generated. Statistical significance in univariate
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and multivariate Cox models were determined by Wald’s test. A p-value <0.05 was

considered statistically significant.

F. EZH2 Constructs

Myc-tagged EZH2-pCMV was used. The Myc-EZH2 fragment was released with
BamHI/Xhol double digest and was sub-cloned into the mammalian expression vector
pCDNA3 (Invitrogen). An EZH2-ER in-frame fusion expression construct was
generated by replacing the FADD fragment released by Kpn I/Not I double digest of the
FADD-ER construct (originally derived from Myc-ER (Littlewood ef al., Nuc. Acids.
Res. 23:1686 [1995]) with the PCR amplified human EZH?2 devoid of its stop codon.
The EZH2 .SET mutant DNA was amplified using the primers
S'GGGGTACCATGGGCGGCCGCGAACAAAAGTTGATT 3’ (SEQ ID NO:112) and
S’GGGGAATTCTCATGCCAGCAATAGATGCTTTTT3’ (SEQ ID NO:113) and
subsequently sub-cloned into pCDNA3 utilizing the in built KpnI/EcoRI sites.
Expression of these constructs was verified by immunoblot analysis of the expressed

proteins using either anti-Myc HRP (Roche, Inc) or anti-EZH2 antibodies.

G. RNA interference

21-nucleotide sense and antisense RNA oligonucleotides were cherﬁically
synthesized (Dharmacon Research Inc.) and annealed to form duplexes. The
siRNA employed in the study were targeted to the region corresponding from 85 to 106
of the reported human EZH2 (NM004456). Control siRNA duplexes targeted luciferase,
lamin and AMACR (NM014324). The human transformed prostate cell line RWPE
(Webber et al., Carcinogenesis 18:1225 [1997]) and PC3 were plated at 2x10° cells per
well in a 12 well plate (for immunoblot analysis, cell counts, and fluorescence activated
cell sorting (FACS) analysis) and 1.5x10* cell per well in a 96 well plate (for WST-1
proliferation assays). Twelve hours after plating, the cells were transfected with 60
picomoles of siRNA duplex, sense or antisense oligonucleotides (targeting EZH2) using
oligofectamine (Invitrogen). A second identical transfection was performed 24 hours

later. Forty-eight hours after the first transfection, the cells were lysed for immunoblot
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analysis and trypsinized for cell number estimation or FACS analysis. Cell viability was

assessed 60 hours after the initial transfection.

H. Cell Proliferation Assays

Cell proliferation was determined with the colorimetric assay of cell viability,
based on the cleavage of tetrazolium salt WST-1 by mitochondrial dehydrogenases as per
manufacturers instructions (Roche, Inc.). The absorbance of the formazan dye formed,
which directly correlates with the number of metabolically active cells in the culture, was
measured at 450nm (Bio-Tek instruments), an hour after the addition of the reagent. Cell

counts were estimated by trypsinizing cells and analysis by coulter cell counter.

L Flow cytometric analysis

Trypsinized cells were washed with phosphate buffered saline (PBS) and cell
number was determined by using a coulter cell counter. For FACS analysis, the washed
cells were fixed in 70% ethanol overnight. Before staining with propidium iodide, the

cells were washed again with PBS and analyzed by flow cytometry (Becton Dickinson).

J. Microarray analysis of EZH2 transfected cells

Initia]l testing of this transient transfection/transcriptome analysis system
demonstrated that transient overexpression of TNFR1 (p55), a receptor for tumor necrosis
factor, induced similar expression profiles as was observed with incubation of cells with
TNF (Kumar-Smith ez al., J. Biol. Chem. 24:24 [2001]). Other molecules have been
similarly tested with this approach. Cells were transfected with different EZH2
constructs and transfection efficiency was monitored by beta-galactosidase assay and was
approximately 30-50%. EZH?2 .SET mutant expressing samples were compared to EZH2
expressing samples using the SAM analysis package (Tusher et al., PNAS 98:5116
[2001]). Data was pre-processed by multiplication by a normalization factor to adjust the
aggregate ratio of medians to one, log base 2 transformed and median centered each
array, individually. This pre-processed data was divided into 2 groups for comparison
using a two-class, unpaired t-test. Critical values for the analysis include: iterations =

5000, (720 at convergence) random Number Seed 1234567, a fold change of 1.5 and a

127



10

15

20

25

30

WO 03/012067 PCT/US02/24567

delta cutoff of 0.45205, resulting in a final largest median False Discovery Rate of 0.45%
for the 161 genes selected as significant. These 161 genes were supplemented by the
values for EZH2 and then analyzed using Cluster implementing average linkage
hierarchical clustering of genes. The output was visualized in Treeview. Selected genes
identified as being repressed by EZH2 (e.g., EPC and cdc27) were re-sequenced to
confirm identity.

The molecular identity of a cell is determined by the genes it expresses (and
represses). Embryogenesis and cell differentiation intimately depend upon keeping
certain genes "on" and other genes "off". When the transcriptional "memory" of a cell is
perturbed this can lead to severe developmental defects (Jacobs et al., Semin. Cell Dev.
Biol. 10:227 [1999]; Francis ef al., Nat. Rev. Mol. Cell. Biol. 2:409 [2001]). Lack of
differentiation, or anaplasia, is a hallmark of cancer, which results from normal cells
"forgetting" their cellular identity. Thus, it is not surprising that dysregulation of the
transcriptional maintenance system can lead to malignancy (Francis ef al., supra; Jabobs
et al., Nature 397:164 [1999]; Beuchle et al., Development 128:993 [2001]).

Studies in Drosophila melanogaster have been instrumental in the understanding
of the i)roteins mvolved in transcriptional maintenance (Beuchle et al., [[2001], supra;
Strutt et al., Mol. Cell. Biol. 17:6773 [1997]; Tie et al., Development 128:275 [2001]).
Two groups of proteins have been implicated in the maintenance of homeotic gene
expression and include polycomb (PcG) and trithorax (trxG) group proteins (Mahmoudi
et al., Oncogene 20:3055 [2001]; Lajeunesse ef al., Development 122:2189 [1996]). PcG
proteins act in large complexes and are thought to repress gene expression, while trxG
proteins are operationally defined as antagonists of PcG proteins and thus activate gene
expression (Francis ef al., Nat. Rev. Mol. Cell. Biol. 2:409 [2001}; Mahmoudi et al.,
supra). There are at least twenty PcG and trxG proteins in Drosophila, and many have
mammalian counterparts. In human malignancies, PcG and trxG proteins have primarily
been found to be dysregulated in cells of hematopoietic origin (Yu ef al., Nature 378:505
[1995]; Raaphorst et al., Am. J. Pathol., 157:709 [2000]; van Lohuizzen et al., Cell
65:737 [1991). EZH2 is the human homolog of the Drosophila protein Enhancer of
Zeste (E(z)) ((Laible et al., Embo. J. 16:3219 [1997]), for which genetic data defines as a
PcG protein with additional trxG properties (LaJeunesse et al., supra). E(z) and EZH2
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share homology in four regions including domain I, domain II, a cysteine-rich amino acid
stretch, and a C-terminal SET domain (Laible et al., supra). The SET domain is a highly
conserved domain found in chromatin-associated regulators of gene expression often
modulating cell growth pathways (Jenuwein et al., Cell. Mol. Life Sci. 54:80 [1998]).
BEZH2 is thought to function in a PcG protein complex made up of EED, YY1 and
HDAC2 (Satijn et al., Biochim. Biophys. Acta. 1447:1 [1999]). Disruption of the EZH2
gene in mice causes embryonic lethality suggesting a crucial role in development
(O'Carroll et al., Mol. Cell. Biol. 21:4330 [2001]).

In previous studies (See e.g., Example 1), the gene at the top of the “list” of genes
significantly up-regulated in metastatic prostate cancer was EZH2, which had a d-score
(Tusher ef al. PNAS 98:5116 [2001]) of 4.58 and a gene-specific FDR of 0.0012 (also
called a “q-value” which is analogous to p-values, but adapted to multiple inference
scenarios. Figure 20a displays the 55 up-regulated genes identified by this approach.
Figure 20b summarizes the gene expression of EZH2 in 74 prostate tissue specimens
analyzed on DNA microarrays made up of 10 K elements. The EZH2 transcript was
significantly increased in metastatic prostate cancer with respect to clinically localized
prostate cancer (Mann-Whitney test, p=0.001) and benign prostate (p=0.0001).

As independent experimental validation of DNA microarray results, RT-PCR was
performed on 18 prostate samples and cell lines. As expected, EZH2 mRNA transcript
levels were elevated in malignant prostate samples relative to benign (Fig. 20c).

To determine whether EZH2 is up-regulated at the protein level in metastatic prostate
cancer, tissue extracts were examined by immunoblotting. In the samples examined by
immunoblot analysis, EZH2 protein was markedly elevated in metastatic prostate cancer
relative to localized prostate cancer or benign prostate (Fig. 20d).

Importantly, EED, a PcG proteih that forms a complex with EZH2 (vanLohuizen
et al., supra; Sewalt et al., suprd), along with an un-related protein, R-tubulin, did not
exhibit similar protein dysregulation. EZH?2 protein expression was evaluated on a wide
range of prostate tissues (over 700 tissue microarray elements) to determine the intensity
and extent of expression in situ (Fig. 21 a,b). When highly expressed, EZH2 expression
was primarily observed in the nucleus as suggested previously (Raaphorst et al., supra).

The staining intensity was increased from benign, prostatic atrophy, prostatic
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intraepithelial neoplasia (PIN), to clinically localized prostate cancer with median
staining intensity of 1.7 (standard error [SE], 0.1; 95% confidence interval [CI], 1.5-1.9),
1.7 (SE, 0.2; 95%CI, 1.3-2.0), 2.3 (SE, 0.2.; 95%CI, 1.9-2.7), and 2.6 (SE, 0.1; 95%CI,
2.4-2.8), respectively (Fig. 24b). The strongest EZH2 protein expression was observed in
hormone-refractory metastatic prostate cancer with a median staining intensity of 3.3
(SE, 0.3; 95%CI, 2.7-3.9). There was a statistically significant difference in EZH?2
staining intensity between benign prostate tissue and localized prostate cancer (ANOVA
post-hoc analysis mean difference 0.9, p<0.0001). Although metastatic prostate cancer
had a higher mean expression level than localized prostate cancer, the difference did not
reach statistical significance (ANOVA post-hoc analysis mean difference 0.7, p=0.3).
These findings suggest that as prostate neoplasia progresses there was a trend towards
increased EZH2 protein expression, mimicking that seen by DNA expression array
analysis. The present invention is not limited to a particular mechanism. Indeed, an
understanding of the mechanism is not necessary to practice the present invention.
Nonetheless, it is contemplated that this observation suggests that EZH2 levels may
indicate how aggressive an individual’s prostate cancer is given that the highest level of
expression was observed in hormone-refractory, metastatic prostate cancer. Therefore, to
test this hypothesis, the utility of EZH2 protein levels to predict clinical outcome in men
treated with surgery for clinically localized prostate cancer was examined.

Two hundred and twenty-five (225) specimens from sixty-four patients (3-4
replicate samples per patient) with clinical follow up were interrogated on a single tissue
microarray. These men had a median age of 61 years (range 43-76 years) and a 7.3
ng/ml median pre-operative serum prostate specific antigen (PSA) (range 0.8-21.0
ng/ml). Pathologic examination of their prostatectomy specimens indicated that 77% had
organ-confined disease (pT2 stage) and 72% had negative surgical margins. The patient
demographics and tumor stages were representative of the over 1500 radical
prostatectomy patients. In order to test the utility of EZH2 as a potential tissue biomarker
for prostate cancer, the clinical outcome of these 64 cases was examined, taking into
account clinical and pathological parameters. Clinical failure was defined as either a 0.2
ng/ml PSA elevation or disease recurrence following prostatectomy (e.g., development of

metastatic disease). By Kaplan-Meier analysis (Fig. 21c), EZH2 staining intensity of 3
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and greater was significantly associated with clinical failure in 31% (10/32) of patients in
contrast to 9% (3/32) of patients with an EZH2 protein levels below 3 (log rank p=0.03).
There was no significant correlation between EZH?2 levels and Gleason score (<7 versus
=T7), tumor stage (pT2 versus pT3), or surgical margin status (negative versus positive).
There was a significant (p=0.048) albeit weak (Pearson coefficient =0.33) correlation
between EZH?2 protein levels and proliferation index in sifu as assessed by Ki-67 labeling
index. Multivariable Cox-Hazards regression analysis revealed that EZH2 protein
expression (=3 versus <3) was the best predictor of clinical outcome with a recurrence
ratio of 4.6 (95%CI 1.2-17.1, p=0.02), which was significantly better than surgical
margin status, maximum tumor dimension, Gleason score, and pre-operative PSA. Thus,
monitoring EZH?2 protein levels in prostate specimens may provide additional prognostic
information not discernible with current clinical and pathology parameters alone.

To shed light into the functional role of EZH2 in prostate cancer progression,
EZH?2 expression in transformed prostate cells in vitro was disrupted using RNA
interference. T. Tuschl and colleagues recently reported that duplexes of 21-nucleotide
RNA (siRNAs) mediate RNA interference in cultured mammalian cells in a gene-specific
fashion (Elbashir et al., Nature 411:494 [2001]). RNA interference has been used
effectively in insect cell lines to "knock-down" the expression of specific proteins, owing
to sequence-specific, double stranded-RINA mediated RNA degradation (Hammond et al.,
Nature 404:293 [2000]). siRNAs are potent mediators of gene silencing, several orders
of magnitude more potent than conventional antisensle or ribozyme approaches (Macejak
et al., Hepatology 31:769 [2000]). Thus, a 21- nucleotide stretch of the EZH2 molecule
was targeted using criteria provided by Elbashir et al. (supra), and RNA oligonucleotides
were synthesized commercially. After the RNA oligos were annealed to form siRNA
duplexes, they were tested on the transformed androgen-responsive prostate cell line
RWPE (Webber ef al., Carcinogenesis 18:1225 [1997]; Bello et al., Carcinogenesis
18:1215 [1997]) as well as the metastatic prostate cancer cell line PC3. Forty-eight hours
after transfection with siRNA duplexes, the levels of endogenous EZH2 protein were
quntitated. When EZH2 protein was specifically down-regulated in prostate cell lines,
the levels of the un-related control protein, B-tubulin, remained unchanged (Fig. 22a).

The sense or anti-sense oligonucleotides comprising the EZH2 duplex, as well as un-
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related siRNA duplexes, did not affect EZH?2 protein levels (Fig. 22a, middle and right
panels), Veﬁfying the specificity of the siRNA approach in both prostate cell lines.

The phenotype of EZH2 "knock-down" prostate cells was next examined. By
phase contrast microscopy, it was observed that siRNA directed against EZH2 markedly
inhibited cell number/confluency relative to buffer control. Cell counts taken 48 hrs after
transfection with siRNA showed a 62% inhibition of RWPE cell growth mediated by the
EZH2 siRNA duplex, which is in contrast to the corresponding sense and anti-sense
EZH2 oligonucleotides or control duplexes (targeting luciferase and lamin) which
exhibited minimal inhibition (Fig. 22b). The prostate cancer cell line, PC3, demonstrated
a similar growth inhibition mediated by EZH2 siRNA, suggesting that the findings are
not a peculiarity of the RWPE cell line (Fig. 22b). Using a commercially available cell
proliferation reagent WST-1, which measures mitochondrial dehydrogenase activity, a
decrease in cell proliferation mediated by the EZH2 siRNA duplex, but not by un-related
duplexes, was observed (Fig. 22c). In the time frame considered (48hrs), RNA
interference of EZH2 did not induce apoptosis as assessed by propidium idodide staining
of nuclei or PARP cleavage. Consistent with this, the broad-spectrum caspase inhibitor,
z-VAD-fink, failed to attenuate EZH2 siRNA induced inhibition of cell proliferation
(Fig. 22c). Thus, activation of the apoptosis pathway does not account for the decreases
in cell number observed by RNA interference of EZH2.

- Various PcG Group proteins have been suggested to play a role in cell cycle
progression (Jacobs et al., Nature 397:164 [1999]; Visser et al., Br. J. Hematol. 112:950
[2001]; Borck et al. Curr. Opin. Genet. Dev. 11:175 [2001]). Flow cytometric analysis of
EZH2 siRNA-treated proétate cells demonstrated cell cycle arrest in the G2/M phase
(Fig. 22d). Un-related control siRNA duplexes failed to induce a similar cell cycle
dysregulation. Few apoptotic cells (sub-G1 cells) were present in any of the experimental
samples tested as assessed by flow cytometry (Fig. 22d). The present invention is not
limited to a particular mechanism. Indeed, an understanding of the mechanism is not
necessary to practice the present invention. Nonetheless, it is contemplated that these
observations suggest that EZH2 plays a role in prostate cell proliferation by mitigating
the G2/M transition.
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To further understand the functional role of EZH2 in prostate cells, an epitope-
tagged version of wild-type EZH2 and a deletion mutant of EZH2 missing the conserved
SET domain in the eukaryotic expression vector pcDNA3 were generated (Fig. 23a).

An "inducible"-version of EZH2 was also generated by creating a fusion protein with a
modified murine estrogen receptor (ER) (Fig. 26a) (Littlewood et al., Nuc. Acid. Res.
23:1686 [1995]; Juin et al., Genes Dev. 13:1367 [1999]). EZH2-ER fusion was
expressed in cells (Fig. 26b) and is inactivated, presumably by sequestration/binding to
hsp90 and other proteins (Littlewood et al., supra). Upon treatment of cells with 4-
hydroxytamoxifen, hsp90 dissociates from the ER fusion and liberates its activity.
Expression of the epitope-tagged EZH2 constructs was confirmed by transfection in 293
(Fig. 23b), RWPE and in other mammalian cell lines.

PcG proteins have been proposed to mediate their functions by repression of
target genes (Laible ef al., supra; Jacobs et al., Semin Cell Dev. Biol. 10:227 [1999]). To
begin to test this hypothesis, RWPE prostate cells were transiently transfected with wild-
type EZH2 and global gene expression alterations were monitored using DNA
microarrays. While RNA from the experimental (transfected) cell line was labeled with
one fluorescent dye, the paired reference sample was labeled with a second
distinguishable fluorescent dye. By making direct comparisons between “gene”-
transfected cell lines and control vector-transfected cell lines the molecular differences
between the samples were observed. When EZH2 was over-expressed in RWPE cells or
SUM149 breast carcinoma cells, there was a consistent repression of a cohort of genes
(Fig. 23c, d). This exclusive repression of genes was unique compared to other
molecules tested in this system including c-myc and TNFR 1, among others. When
compared to vector-transfected cells the only gene that was significantly up-regulated in
EZH2-transfected cells was EZH?2 itself (Fig. 23c).

EZH2-mediated transcriptional repression was dependent on an intact SET
domain (Fig. 23c), as deletion of this domain did not produce a repressive phenotype and
in some cases “de-repressed” genes. EZH2 has been shown to interact with histone
deacetylase 2 (HDAC?2) via the EED protein (van der Vlag et al., Nat. Genet. 23:474
[1999]). In the experiments described above, EZH2-mediated gene silencing was

dependent on HDAC activity, as the commonly used HDAC inhibitor, trichostatin A
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(TSA) completely abrogated the effects of EZH2 (Fig. 23c). Thus, EZH2 function
requires both an intact SET domain as well as endogenous HDAC activity.

To identify genes that are significantly repressed by EZH2, wild-type EZH2-
transfected cells were compared with EZH2 .SET-transfected cells. Using this approach,
163 genes were consistently repressed while no genes were activated at an FDR of
0.0045 (Fig. 23d). Examination of the significant gene list identified the PcG group
protein EPC, which is the human homolog of the drosophila protein Enhancer of
Polycomb (E(Pc)) as being consistently repressed by EZH2 (Fig. 23c). Of the
Drosophila PcG proteins, E(Pc) and E(z) are related in that they both act as suppressors
of variegation (Su(var)) (Sinclair ef al., Genetics 148:211 [1998]) and are the only PcG
proteins to have yeast homologs, emphasizing the evolutionary conservation of this PcG
pair. In addition to EPC, a host of other transcriptional regulators/activators were
transcriptionally silenced by EZH2 including MDNA, RNF5, RNF15, ZNF42, ZNF262,
ZNFN1A1, RBMS, SPIB, and FOXF2, among others (Fig. 23c). MDNA, also known as
myeloid cell nuclear differentiation antigen, mediates transcriptional repression by
interacting with the transcription factor YY1, which is a PcG homolog of Drosophila Pho
and shown to be part of the EZH2/EED complex of proteins (Satijin ef al., Mol. Cell.
Biol. 21:1360 [2001]).

In addition to transcriptional repression in prostate cells, the results also support a
role for EZH2 in regulating cell growth (Fig. 23). Transcriptional repression of cdc27
(two independent Unigene clones) was also observed. Cdc27 is part of the anaphase-
promoting complex (APC) which mediates ubiquitination of cyclin B1, resulting in
cyclinB/cdk complex degradation (Jorgensen ef al., Mol. Cell. Biol. 18:468 [1998]).
Another family of proteins that was repressed when EZH2 was targeted was the solute
carriers. At least 5 distinct members were shown to be repressed (i.e., SSLC34A2,
SLC25A16, SLC25A6, SLC16A2, and SLC4A3). |

Example 9
Expression of AMACR in Serum and Urine
This example describes the expression of AMACR in serum and urine. AMACR

was detected by standard immunoblotting and by protein microarray using a polyclonal
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rabbit anti-AMACR antibody. The results are shown in Figures 24-27. Figure 24 shows
the detection of AMACR protein in PCA cell lines by quantitation of microarray data.
DUCAP, DU145, and VCAP are prostate cancer cell lines. RWPE is a benign prostate
cell line. PHINX is a human embryonic kidney cell line.

Figure 25 shows the detection of AMACR protein in serum by quantitation of
microarray data. P1-P7 represent serum from patients with prostate cancer. NS2 and
NS3 represent serum from patients that do not have PCA. SNS2 and SNS3 represent
serum from patients that do not have PCA that has been spiked with AMACR protein.
Figure 26 shows an immunoblot analysis of serum from patients with either negative or
positive PSA antigen. Figure 27 shows an immunoblot analysis of the presence of
AMACR in urine samples from patients with bladder cancer (females) or bladder cancer
and incidental prostate cancer (males). The results demonstrate that AMACR can be
detected in the serum and urine of patients with bladder cancer or bladder cancer and

prostate cancer.

Example 10
AMACR as a Tumor Antigen

This example describes the presence of an immune response against AMACR in
serum. Figure 28 shows representative data of a humoral response by protein microarray
analysis. Tumor antigens including AMACR, PSA, CEA, HSPs were spotted onto
nitrocellulose coated slides. The slides were incubated with sera from different patients
to detect a humoral response. The microarray was then washed. A Cy5 labeled goat anti-
human IgG was used to detect the humoral response. The slide was then scanned using a
microarray scanner (Axon). After data normalization, intensity of spots reflects the
presence, absence or strength of humoral response to specific tumor antigen. A specific
humoral response to AMACR was detected in cancer patients but not in controls. Cancer
refers to sera from prostate cancer patients. BPH refers to sera from patients with benign
prostate hyperplasia.

Figure 29 shows immunoblot analysis of the humoral response to AMACR.
Figure 29A shows an SDS-PAGE gel containing recombinant MBP (control protein=M)
and recombinant AMACR-MBP (A) that was run and transferred to nitrocellulose paper.
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Each strip blot was then incubated with human sera. A humoral response to the AMACR
was detected using an HRP-conjugated anti-human antibody. Only AMACR and
fragments of AMACR were detected in sera from prostate cancer patients and not in
controls. Figure 29B shows a control experiment whereby the humoral response is
blocked with recombinant AMACR (quenched) and thus shows the specificity of the
response.

This example demonstrates that AMACR functions as a tumor antigen in human
serum of prostate cancer patients. A specific immune response was generated to

AMACR in the serum of PCA patients, but not in controls.

Example 11
Expression of GP73 in Prostate Cancer

This example describes the association of GP73 with prostate cancer.

A. Methods
Microarray analysis, RT-PCR, Western blotting, and immunohistochemistry were

performed as described in the above examples.

B. Results

Figure 30 shows GP73 Transcript levels in prostate cancer. Figure 30a shows the
level of GP73 in individual samples after microarray analysis. The graph shows the
values of Cy5 versus Cy3 ratio wherein the prostate cancer tissue sample RNA were
labeled with Cy5 fluorescent dye, while the reference sample (pool of benign tissue
RNA) sample was labeled with Cy3 fluorescent dye. A total of 76 individual
experiments from different prostate tissue are plotted and they are classified as benign,
prostate cancer and metastatic cancer types. Figure 30b shows the result of GP73
transcripts determined by DNA microarray analysis from 76 prostate samples grouped
according to sample type and averaged. The experimental samples were labeled with
CyS5 fluorescent dye, whereas the reference sample (pool of benign tissue sample) was
labeled with Cy3 fluorescent dye. The box plot demonstrates the range of GP73

expression within each group. The middle horizontal bar indicates median values; the
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upper and lower limits of the boxes, interquartile ranges; and the error bars, 95%
confidence intervals. Figure 30c demonstrates that GP73 transcript levels are elevated in
prostate cancer. RT-PCR was used to detect GP73 transcript levels in RNA preparations
from prostate tissue extracts. GAPDH served as the loading control.

Figure 31 shows that GP73 protein is upregulated in prostate cancer. Figure 31a
shows Western blot analysis of GP73 protein in prostate cancer. Total tissue proteins
from benign, cancer and metastatic tissues (10 pg) were analyzed using anti-GP73

antiserum. B-Tubulin serves as control for sample loading. Figure 31b shows an

Jimmunoblot analysis of the Golgi resident protein Golgin 97. The Golgin 97 protein

levels were analyzed in the prostate tissue sample to indicate the level of Golgi structure
in normal and cancerous prostate tissue. B-Tubulin serves as control for sample loading.

Tissue microarray analysis of GP73 protein in normal and cancerous prostate
tissue was also performed. GP73 protein expression was analyzed by standard biotin-
avidin immunohistochemical analysis using a polyclonal mouse antibody to GP73.
Protein expression was evaluated on a wide range of prostate tissue using high-density
tissue microarrays. High levels of staining were observed in prostate cancer tissue.
Some normal epithelial cells did not stain for GP73 in a sub region of prostate cancer
tissue.

Figure 32 shows immunoblot analysis of normal and prostate cancer epithelial
cells. The epithelial cells were isolated from normal prostate tissue and cancer tissue to
specifically isolate the protein from epithelial cell for GP73 immunoblot analysis. For
this purpose, laser capture microdissected samples were used. Actin western serves as

control.

Example 12
Lethal Markers and Targets

This example describes the identification of lethal markers. The markers serve as
potential therapeutic targets. Markers were identified by correlating the number of
samples with clinical parameters and gene expression. Specifically, the present study
identified markers that have an expression profile similar to EZH2, which serves as a

prototypic lethal biomarker of prostate cancer. These genes were identified by a scoring
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system that takes into account whether localized prostate cancer has recurred or not
recurred. In addition, genes that have highly correlated expression with EZH2 were

identified that may serve as markers to supplement EZH?2.
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-0.95/0.3504/-0.249 0 4 2 2 11| 9 9824[SIL.CI9Al
-0.314| 0.187| 0.06 1 4 2 2 11} 9  9447LIG1
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mean: mean expression in BPH
Dev: standard deviation in BPH
High: 2 SD’s above the mean (threshold)
5  Bph: # of BPH samples > thresh
PCA: # of PCA samples > thresh (>1yr no recur)
Pcau: # of PCA samples > thresh (<1yr followup)
Pcar: # of PCA samples > thresh (recur)
Met: # of metastatic samples > thresh

10 Score: = met + pcar - pca

Total: # of samples in category
Exemplary lethal markers identified using the above methods include ABCC5
(MDRS5). This multi-drug resistance gene actively pumps cyclic nucleotides and other

15 small molecules out of cells. An unrelated study found that this enzyme is potently
Inhibited by phosphodiesterase inhibitors, including sildenafil (viagra). The present
invention is not limited to a particular mechanism. Indeed, an understanding of the
mechanism is not required to practice the present invention. Nonetheless, it is
contemplated that sildenafil may be useful in the treatment of aggressive PCA.

20 Another lethal marker identified is asparagine synthetase (ASNS). Current
therapeutics for the inhibition of ASNS include asparaginase, an enzyme that destroys
asparagine in the body. It has been shown that cancers expressing the synthetase are
resistant. Analogs are being developed to inhibit the synthetase.

Top2A (topoisomerase 2) and the Vav2 Oncogene were also identified using the

25  methods of the present invention. Vav2 is required for cell spreading, but is dependent on
src. The present invention is not limited to a particular mechanism. Indeed, an
understanding of the mechanism is not required to practice the present invention.
Nonetheless, it is contemplated src inhibitors can stop vav2 mediated cell spreading

This example describes the identification of cancer markers overexpressed in

30  prostate cancers. The present invention is not limited to a particular mechanism. Indeed,

an understanding of the mechanism is not necessary to practice the present invention.
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Nonetheless, it is contemplated that therapeutic compounds that inhibit these lethal

markers are useful in the treatment of prostate cancer.

Example 13
Characterization of Annexin Expression in Prostate Cancer

This Example describes the expression of Annexins in prostate cancer.

A. Materials and Methods
Prostate Sample Collection

Prostate tissues were taken from the radical prostatectomy series and the rapid
autopsy program available through the University of Michigan Prostate Cancer
Specialized Program of Research Excellence (S.P.O.R.E.) Tissue Core. This program is
approved by Institutional Review Board at the University of Michigan.

Hormone naive, clinically localized PCA samples used for this study were taken
from a cohort of men who underwent radical retropubic prostatectomy as a monotherapy
(i.e., no hormonal or radiation therapy) for clinically localized PCA between the years
1994 and 1998. Processing of the prostatic tissues started within 20 minutes after
surgical resection. The prostates were partially sampled and approximately 50% of the
tissue was used for research. This protocol has been evaluated in a formal study to assure
that partial sampling does not impair accurate staging and evaluation of the surgical
margins (Hollenbeck et al., J. Urol. 164:1583 [2000]). The snap frozen samples used for
c¢DNA expression array analysis were all evaluated by one of the study pathologists. All
samples were grossly trimmed to ensure greater than 95% of the sample represented the
desired lesion.

Hormone refractory PCA samples were collected from the rapid antopsy program
(Rubin ef al., [2000], supra). Snap frozen samples were used for cDNA expression array
analysis. Mirrored samples from the same lesion were placed in 10% buffered formalin.
The fixed samples are embedded in paraffin. As with the prostatectomy samples, the
study pathologist reviewed the glass slides, circled areas of viable prostate cancer,
avoiding areas of necrosis, and used these slides as a template for tissue microarray

construction. In this study, twenty (20) hormone refractory metastatic PCAs were

140



10

15

20

25

30

WO 03/012067 PCT/US02/24567

extracted from 15 rapid autopsy cases performed from 1997 to 2000. The patients’ ages
ranged from 53 to 84 and time from diagnosis to death ranged from 21 to 193 months.
All 15 patients died with widely metastatic PCA after extensive treatment, which
included antiandrogens and chemotherapy.

Prostatectomy samples were evaluated for the presence or absence of surgical
margin involvement by tumor (surgical margin status), the presence of extraprostatic
extension, and seminal vesicle invasion. Tumors were staged using the TNM system,
which includes extraprostatic extension and seminal vesicle invasion but does not take
into account surgical margin status (Bostwick et al., Semin. Urol. Oncol. 17:222 [1999]).

Tumors were graded using the Gleason grading system (Gleason, [1966], supra).

Immunohistochemistry

After paraffin removal and hydration, the tissue microarray slides were immersed
in 10 mM citrate buffer placed in a pressure cooker chamber and microwaved for 10
minutes for optimal antigen retrieval. Immunostaining was performed using a Dako
autostainer (DAKO, Carpinteria, CA). The primary antibody was incubated for 45
minutes at room temperature and a secondary biotin-labeled antibody for 30 minutes.
Streptavidin-LSA amplification method (DAKO K0679) was carried out for 30 minutes
followed by peroxidase/diaminobenzidine substrate/Chromagen. The slides were
counterstained with hematoxylin. Polyclonal antibodies directed against the N-terminus
of annexin 1(dilution 1:50), annexin 2 (dilution 1:100), annexin 4 (dilution 1:100),
annexin 7 (dilution 1:500), and annexin 11 (dilution 1:100) were obtained from a signal
source (Santa Cruz Biotechnology, Santa Cruz, CA). Protein expression as determined
by two pathologists immunohistochemistry was scored as negative (score=1), weak

(score 2), moderate (3) or strong (4), using the system described above.

Tissue Microarray Construction, Digital Image Capture, and Analysis

Tissue microarrays were constructed as previously described to evaluate protein
expression in a wide range of samples ranging from benign prostate tissue taken from the
prostatectomy samples to hormone refractory PCA. Three tissue microarrays were used

for this study consisting of benign prostate, localized PCAs, and hormone refractory

141



10

15

20

25

30

WO 03/012067 PCT/US02/24567

PCA. The tissue microarrays were assembled using the manual tissue arrayer (Beecher
Instruments, Silver Spring, MD) as previously described (Kononen et al., [1998], supra;
Perrone et al., [2000], supra). Tissue cores from the circled areas of interest were
targeted for transfer to the recipient array blocks. The 0.6mm diameter tissue microarray
cores were each spaced at 0.8mm from core-center to core-center. Tissue microarray

images were acquired using the BLISS Imaging System (Bacus Lab, Lombard, IL).

Statistical Analyses

To investigate the statistical significance associated with the differential
expression of annexins across 4 independent gene expression studies, standard methods
(Hedges et al., Statistical Methods for Meta-analysis meta-analysis. Orlando, Academic
Press 1985, pp xxii, 369) were used to combine the results. For each of the studies, a t-
statistic was computed (with the two groups being benign tissue compared against
localized prostate cancer) and the associated p-values were transformed using a negative
logarithmic transformation. These numbers were then doubled and added together to
arrive at a summary measure of differential gene expression across the three studies. To
assess the statistical significance associated with this summary measure, a permutation-
based approach was adopted (Hedges et al., supra). Namely, the tissue types were
permutated within studies, and the summary measure was computed for the permutated
data. A p-value was computed using the permutation distribution of the summary
measure. The issue then arises of whether or not the t-statistics from the three studies are
comparable.

Annexin protein expression was statistically evaluated using the mean score
results from each tissue microarray sample for each prostate tissue type (i.e., benign,
localized PCA, and hormone refractory PCA). To determine differences between all
pairs (e.g., localized prostate cancer versus benign), an ANOVA with a post-hoc analysis
was performed using the Scheffé method (Scheffae ez al., supra). The mean expression
scores for all examined cases were presented in a graphical format by using error-bars

with 95% confidence intervals.
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B. Results

Expression array analysis revealed a significant dysregulation of annexin family
members with PCA progression. The cDNA expression of annexins 1, 2,4, 7 and 11
were significantly decreased in the hormone refractory PCA samples as compared to
localized hormone sensitive PCA samples with 2.2, 1.5, 1.3, 1.4 and 1.8 fold decrease,
respectively (all p-values < 0.01) (Table 3 and Figure 33). Annexins 1 and 4 showed
significant decreases of mRNA expression in localized PCA samples as compared to the
benign samples. There were no significant differences between localized hormone naive
PCA and the benign samples for annexin 2, 7, and 11. No cDNA dysregulation between
the tested prostate samples and annexins 8 and 13 was observed. Annexin 6
demonstrated a slight decrease in cDNA expression between localized PCA and benign
samples, which was not statistically significant (Table 3).

In order to cross validate the cDNA expression results for these annexin family
members, a meta-analysis of gene expression was performed. Annexin family members
cDNA expression results were evaluated using a series of data sets (Welsh ez al., Cancer
Res. 61:5974 [2001]; Luo et al., Cancer Res. 61:4683 [2001]; Magee et al., Cancer Res.
61:5692 [2001]). The analysis evaluated annexins for each of the individual studies as
well as performing a summary statistic, taking into account the significance of the gene
expression across the 4 studies. The meta-analysis compared differences between
clinically localized PCA ahd benign prostate tissue as not all of the studies had hormone
refractory metastatic PCA. The meta-analysis (Table 4 and Figure 34) demonstrated that
annexins 1, 2, 4, and 6 were significantly down regulated across independent studies.
Annexin 6 was down regulated to a significant level in 4 of 4 studies. Annexin 1
demonstrated down regulation in 3 of 4 studies. Annexins 2 and 4 were down regulated
in 2 studies and overall considered to be significantly under expressed by the meta-
analysis. Annexin 7 was not found to be significantly under expressed in any of the 4
studies at the transcript level.

Immunohistochemistry was performed to confirm these results at the protein level
(Table 5). By immunohistochemistry, a significant decrease in protein expression for
annexins 1, 2, 4, 7 and 11 in hormone refractory PCA samples as compared to localized

PCA samples was identified with 2.5 (3.8 vs. 1.5 median expression), 2.4 (4 vs. 1.7
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median expression), 3.6 (4 vs. 1.1 median expression) and 3.3 (4 vs. 1.2 median

expression) fold decreases, respectively (Kruskal Wallis test, all p-values p< 0.05). No

statistically significant differences were seen between benign and localized PCA samples

in any of the annexins tested.

Table 3: Gene Expression of Select Annexins.

ol | N B~ N =

Annexin(Benign BPH' Loc- PCA* [Met-PCA®  [Ratio p
Count|Median|Count{Median|CountMedian|CountMedian PCA/Met |Value*
5 1.56 |16 (135 (16 [0.69 20 |0.31 |2.23 <0.001
5 0.79 |16 [0.69 (16 [0.74 |20 [0.49 |1.51 0.009
5 091 |16 |0.97 (16 |0.9 20 |0.69 |1.30 0.001
5 1.2 16 {1.29 |16 |1.05 |20 (L.15 {091 0.377
5 0.8 16 10.88 |16 |0.88 |20 [0.62 |[1.42 <0.001
5 1.14 |16 [1.06 |16 (099 20 (1.19 |0.83 0.156

11 5 099 |16 [0.76 |16 094 20 (0.52 |1.81 <0.001

13 5 1.08 |16 (135 16 {1.03 (20 {094 |1.10 0.393

* Kruskal Wallis Test. 1, BPH, benign prostatic hyperplasia. 2, Loc-PCA, localized

prostate cancer. 3, Met-PCA, metastatic hormone refractory prostatic cancer. Ratio

PCA/Met, ratio of expression of localized PCA over hormone refractory PCA.

Table 4: Meta-Analysis of cDNA Prostate Gene Expression Studies for Annexin

Family Members
Annexin | Present study | Welsh et al. | Luo et al. | Magee ef al. | Summary p-Value
6 0.024 0.0001 0.0001 0.026 0.0001
1 0.0001 0.031 0.0007 0.23 0.0001
2 NA 0.0001 NA 0.002 0.0001
11 NA 0.010 NA 0.6 0.17
7 0.25 0.48 0.38 0.088 0.20
4 0.33 0.023 0.0093 0.58 0.011
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13 0.177 NA 1.00 NA 0.48

8 0.79 NA 0.104 NA 0.29

Table 5: Tissue Microarray Protein Expression for Annexins by Tissue Type

/Annexin [Benign Loc-PCA* Met-PCA®  [PCA/M p-value*
Count [Media Count Media |Count Media [ET
n n n
1 37 2.59 B60 R.45 [162 [1.46 |1.68 <0.001
2 57 3.95 [82 3.62 214 (147 [2.46 <0.001
4 23 3.65 (357 [3.96 (141 [1.57 R2.52  0.001
7 26 3.77 50 (3.97 126 (1.32 []3.01 <0.001
11 23 4.00 pB60 399 |163 [1.30 .01 <0.001

* Kruskal Wallis Test. 1, BPH, benign prostatic hyperplasia. 2, Loc-PCA, localized

prostate cancer. 3, Met-PCA, metastatic hormone refractory prostatic cancer.

Example 14
Association of CtBP with Prostate Cancer

This example describes the expression of C-terminal binding proteins 1 and 2
(CtBP1 and CtBP2) in prostate cancer. Microarray analysis, Western Blots,
immunohistochemistry, and statistical analysis were performed as described in the above
examples.

The CtBP transcript was found to be up-regulated in metastatic prostate cancer
(Figure 38). Tissue extracts were used to validate this finding at the protein level using
an antibody that recognizes CtBP1 and CtBP2 (Sewalt ez al., Mol. Cell. Biol, 19:777
[1999]. The results are shown in Figure 35. Figure 35 shows the Expression of CtBP
proteins in PCA specimens. Extracts from selected prostate specimens were assessed for
expression of CtBP and PcG proteins by immunoblot analysis. Protein level was
equalized in each extract before loading and blots were stained with Ponceau S to

confirm equal loading. B-tubulin was used as a control protein.
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Both CtBPs were over-expressed in metastatic prostate cancer relative to localized
prostate cancer and benign tissue. EZH2 protein was also elevated in metastatic prostate
cancer relative to localized prostate cancer or benign prostate (Figure 35). EED, a PcG
protein that forms a complex with EZH2, along with an un-related protein, p-tubulin, did
not exhibit similar protein dysregulation. Thus, both transcriptional repressors (CtBP and
EZH?2) are mis-expressed in metastatic prostate cancer.

To determine in situ expression of CtBP, immunohistochemistry of prostate tissue
sections were performed using prostate tissue microarrays. Benign prostatic epithelia
exhibited exclusively nuclear staining consistent with CtBP’s role as a transcriptional
repressor. Both clinically localized and metastatic prostate cancer exhibited nuclear
staining as well. Most of the metastatic prostate cancer cases and a fraction of the
localized prostate cancer cases exhibited distinct cytoplasmic staining of C{BP.

Figure 36 shows tissue microarray analysis of CtBP in prostate cancer that
suggests mis-localization during prostate cancer progression. The mean CtBP protein
expression for the indicated prostate tissues and sub-cellular compartment is summarized
using error bars with 95% confidence intervals. Figure 37 shows the sub-cellular
fractionation of LNCaP cells. The results show an increased level of CtBP1 in the
cytoplasm relative to the nucleus. CtBP2 is weakly expressed in the cell lines and is not
easily apparent. B-tubulin, which is not expressed in the nucleus, is provided as a control.
Figure 38 shows a Kaplan-Meier Analysis of prostate cancer tissue microarray data. The
results demonstrate that the presence of cytoplasmic CtBP may be associated with a
poorer clinical outcome. The median follow up time for all patients was 1 year (range 2
month to 6.5 years). Over this follow up time, 38% of the patients developed a
recurrence or PSA elevation greater than 0.2 ng/ml. Prostate tumors from 97 patients
demonstrated near uniform nuclear protein expression for CTBP. Cytoplasmic
expression was variable with 85 of 97 cases (88%) demonstrating weak cytoplasmic
staining and 12 (12%) with moderate to strong CTBP expression. There was a significant
association with increased CTBP cytoplasmic staining intensity and PSA recurrence or
presence of recurrent disease following prostatectomy with a relative risk of 1.7 (Cox
regression analysis p=0.034). The data presented demonstrates a Kaplan-Meier Analysis

of outcome stratified by negative/weak cytoplasmic CTBP staining and moderate/strong
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staining. CTBP cytoplasmic expression predicted recurrence even when Gleason score
was taken into account in a multivariable model, suggesting that CTBP is a prognostic
predictor of poor outcome [Gleason relative risk 1.4 (p=0.005) and cCTBP 1r 1.6
(p=0.042)].

CtBP has been shown to bind nitric oxide synthase (NOS), which is thought to
shift the localization of CtBP from the nuclear compartment to the cytoplasmic
compartment (Riefler et al., J. Biol. Chem. 276:48262 [2001]). Weigert and colleagues
have proposed a cytoplasmic role for CtBP in the induction of Golgi membrane fission
(Weigart ef al., Nature 402:429 [1999]). To further support the preliminary
immunohistochemical findings, LNCaP (metastatic) prostate cancer cells were
fractionated and it was found that CtBP levels were higher in the cytosol relative to the

nucleus (Figi]re 38).

Example 15
Methods of Characterizing Cancer Markers

This example describes exemplary methods for the characterization of new cancer
markers of the present invention. These methods, in combination with the methods
described in the above examples, are used to characterized new cancer markers and |

identify new diagnostic and therapeutic targets.

A. Determination of quantitative mRNA transcript levels of cancer markers in
prostate cancer specimens

In some embodiments, markers revealed to be over or under expressed in cancer
microarrays (See e.g., Example 1 for a description of microarrays) are quantitated using
real-time PCR (Wurmbach et al., J. Biol. Chem. 276:47195 [2001]).

In preferred embodiments, cDNA from over 100 prostate samples for archived
cDNA samples and associated clinical data are available (See Example 1). The level of
expression in the microarray is compared to those obtained by real-time PCR. To
identify genes with dysregulation of expression, real-time PCR analysis of cDNA
generated from laser-capture microdissected prostate cancer epithelia and benign

epithelia is performed.

147



10

15

20

25

30

WO 03/012067 PCT/US02/24567

B. Detection of Mis-localized Transcripts

In some embodiments, in order to determine if a cancer marker normally present
in the nucleus of a cell (e.g., a transcriptional repressor) is mis-localized to the cytoplasm
(or other mis-locations) in cancer, the expression of the marker is examined in tissue
extracts from preferably at least 20 benign prostate samples, 20 prostate cancer
specimens, and 20 metastatic prostate specimens. Expression of the marker in benign
prostate cell lines (RWPE), primary prostatic epithelial cells (Clonetics, Inc.) and a panel
of prostate cancer cells including LNCaP, DU145, PC3, DUCaP, and VCaP cells is also
examined. Once overall expression of prostate cell lines and tissues is established, the
cellular localization of the marker is determined by 2 methods. In the first method, the
cell and tissue extracts are fractionated into a nuclear fraction and a cytosolic fraction
(NE-PER, Pierce-Endogen, Orth ef al., J. Biol. Chem. 271:16443 [1996]). Quantitated
protein is then analyzed by immunoblotting. Relative levels of cytosolic and nuclear
cancer marker are determined by densitometry. To verify clean fractionation, antibodies
to B-tubulin and PCNA (or lamin A) are used to assess cytosolic and nuclear fractions,
respectively.

In the second method, cells are immunostained with antibodies to the cancer
marker followed by detection using anti-rabbit FITC secondary antibody. Confocal
microscopy (U of M Anatomy and Cell Biology Core Facility) is used to examine in situ
localization of the cancer markers.

In some embodiments, mis-localization is further investigated by sequencing the

gene in cells containing the mis-located transcript (e.g., metastatic cases) for mutations.

C. Correlation of cancer markers with clinical outcome

In some preferred embodiments, the association of expression or mis-localization
of a cancer marker with clinical outcome is investigated. The ratio of total cancer marker
to B-tubulin by immunoblot analysis of prostate cancer tissue extracts is first determined
and associated with clinical outcome parameters. For markers suspected of being mis-
localized in cancer (e.g., CtBP), the ratio of cytoplasmic marker to nuclear marker is next
determined by immunoblot analysis of prostate cancer tissue extracts and associated with

clinical outcome parameters. For example, it is contemplated that a high
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cytoplasmic/nuclear cancer marker ratio may portend a poor clinical outcome. In some
embodiments (e.g., where a cancer marker is suspected of being mis-localized),
immunohistochemistry of prostate cancer tissue microarrays is used to determine whether
the presence of cytoplasmic marker correlates with poor clinical outcome. Tissue
microarrays are prepared and performed as described in the above examples.

Briefly, high-density tissue microarrays (TMA) are constructed as previously
described (Perrone et al, supra; Kononen et al., supra). Immunostaining intensity is
scored by a genitourinary pathologist as absent, weak, moderate, or strong (or
alternatively analyzed separately as for cytoplasmic and nuclear staining). Scoring is
performed using a telepathology system in a blinded fashion without knowledge of
overall Gleason score (e.g., tumor grade), tumor size, or clinical outcome (Perrone ef al.,
supra). Tumor samples are derived from patients with clinically localized, advanced
hormone refractory prostate cancer and naive metastatic PCA. Cases of clinically
localized prostate cancer are identified from the University of Michigan Prostate
S.P.O.R.E. Tumor Bank. All patients were operated on between 1993 and 1998 for
clinically localized prostate cancer as determined by preoperative PSA, digital-rectal
examination, and prostate needle biopsy. All tissues used are collected with institutional
review board approval. The advanced prostate tumors are collected from a series of 23
rapid autopsies performed at the University of Michigan on men who died of hormone
refractory prostate cancer. The clinical and pathologic findings of these cases have been
reported (Rubin ez al., [2000], supra).

Statistical analysis of the array data is used to correlate the cancer marker protein
measurements on the TMA with clinical outcomes, such as time to PSA recurrence and
survival time. This analysis involves survival analysis methods for correlating the
measurements with these censored response times. Kaplan-Meier curves are plotted for
descriptive purposes. Univariate analyses is performed using the Cox model associating
the biomarker with the survival time. In addition, multivariate Cox regression analysis is
performed to test whether the biomarker adds any prognostic information over and above
that available from known prognostic markers (i.e., Gleason score, tumor stage, margin

status, PSA level before surgery).
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D. RNA Interference

In some embodiments, RNA interference of cancer markers is used to investigate
the role of the cancer marker in cell culture and well as for application as a therapeutic
cancer treatment (See e.g., Example 8 for an example of RNA interference). 21-
nucleotide RNAs (siACE-RNAI) are synthesized through a commercial vendor
(Dharmacon Research, Inc.). RNA interference has been used in mammalian cells
(Elbashir et al., Nature 411:494 [2001]). Several siRNA duplexes and controls are
designed for each marker. The design of the siRNA duplexes uses criteria provided by
Elbashir et al. (Elbashir et al., supra) and Dharmacon Research which include: starting
approximately 75 bases downstream of the start codon, locating an adenine-adenine
dimer, maintaining G/C content around 50%, and performing a BLAST-search against
EST databases to ensure that only one gene is targeted. Multiple (e.g., two) siRNA
duplexes are designed for each molecule of interest since whether the siRNA duplex is
functional is a relatively empirical process. In addition, it is contemplated that using two
siRNA duplexes may provide a combined “knock-down” effect. As a control, a
“scrambled” siRNA, in which the order of nucleotides is randomized, is designed for
each mblecule of interest. Oligonucleotides are purchased deprotected and desalted.
Upon érrival, the oligonucleotides are annealed to form a duplex using the
manufacturer’s provided protocol.

To test the efficacy of each siRNA duplex, prostate cell lines (RWPE, DU145,
LnCAP, and PC3) are transfected with the OLIGOFECTAMINE reagent as described
(Elbashir et al., supra). The cells are assayed for gene silencing 48 hrs post-transfection
by immunoblotting with respective antibodies. A number of controls are included: buffer
controls, sense siRNA oligo alone, anti-sense siRNA oligo alone, scrambled siRNA
duplex, and siRNA duplexes directed against unrelated proteins. If significant silencing
is not appreciated after single transfection, sequential transfection is performed and
inhibition is monitored at later time points (i.e., 8 days later) as suggested by others
(Breiling et al., Nature. 412: 51 [2001]). This may be necessary with proteins that have a
long half-life.

In addition to the transient expression of siRNAs, a method for stable expression

of siRNAs in mammalian cells is used (Brummelkamp et al., Science 296:550 [2002]).
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Prostate cancer cell lines are generated that express siRNA targeting cancer markers
using the pSUPER system. Scrambled siRNA is used as a control. The cell lines
facilitate downstream characterization of cancer markers that may be cumbersome using
duplexes transiently. If inhibition of a specific cancer marker is found to be toxic to cells,
the pSUPER cassette containing siRNA to the marker is cloned into an inducible vector

system (e.g., Tet on/off).

E. Generation of Mutants.

To study the function of cancer markers of the present invention, mutants of
cancer markers are generated in eukaryotic expression vectors. myc-epitope tagged
versions of cancer marker mutants are generated in both pcDNA3 and pcDNA3-ER (a
modified estrogen receptor ligand binding domain). In the case of the ER constructs, the
vectors produce an in-frame fusion protein with modified ER, thus generating a post-
transcriptionally inducible vector (Littlewood et al., Nucleic Acids Res. 23: 686 [1995]).
The ER-ligand domain is mutated and fails to bind endogenous estrogen, yet can be
activated by 4-hydroxytamoxifen (Littlewood et al., supra). The ER-fusion proteins are
inactivated in the absence of ligand presumably due to binding of proteins such as hsp90.
In the presence of exogenously added 4-hydroxytamoxifen, ER-fusions become liberated.
By using an inducible vector system, cell lines expressing a “toxic” or growth inhibitory
version of a cancer marker can still be isolated.

Various N-terminal and C-terminal deletion mutants are generated that encompass
function domains of the cancer marker (e.g., the PXDLS, dehydrogenase, and PDZ
binding domains of CtBP; Chinnadurai, Mol Cell. 9: 213 [2002]). 1t is contemplated that
some of the mutant versions of the cancer markers of the present invention act as
dominant negative inhibitors of endogenous cancer marker function. Expression of
epitope-tagged cancer markers and mutants is assessed by transient transfection of human

embryonic kidney cells (using FUGENE) and subsequent Western blotting.

F. Establishing Stable Cell Lines Expressing Cancer Markers And Mutants
In some embodiments, cell lines stably expressing cancer markers of the present
invention are generated for use in downstream analysis. FUGENE is used to transiently

transfect prostate cell lines (RWPE, DU145, LnCAP, and PC3) with cancer markers and
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fusions or mutants using the above mentioned vectors and appropriate G418 selection.
Prostate cell lines with varied expression levels of endogenous cancer marker protein are
used. Both individual clones and pooled populations are derived and expression of
cancer markers and mutants assessed by immunoblotting for the epitope tag. By also
using an inducible system, clones expressing toxic versions of cancer markers or mutants

can be isolated.

G. Cell proliferation and apoptosis studies

In some embodiments, the role of cancer marker expression in prostate cell
proliferation is investigated using a multi-faceted approach that includes 1. RNA
interference, 2. transient transfection of cancer markers and potential dominant negative
mutants, and 3. comparing stable transfectants of cancer markers and mutants. The
following predictions are tested using these methods: 1. whether inhibition of cancer
markers will block cell growth and 2. whether overexpression of cancer rﬁarkers will
enhance cell proliferation.

Cell proliferation is assessed by cell counting (Coulter counter) over a time course
in culture by using the WST-1 reagent (Roche, Inc.), which is a non-radioactive
alternative to [’H]-thymidine incorporation and analogous to the MTT assay. The rate of
incorporation of the DNA labeling dye bromodeoxyuridine (BrdU) will also be measured
as described previously (Jacobs et al., Nature. 397:164 [1999]). Potential cell cycle arrest
induced by siRNA or dominant negative inhibitors of is determined by conventional flow
cytometric methods. By using stable cell lines that "activate" cancer markers and
mutants in a 4-hydroxytamoxifen-dependent fashion, cell proliferation and cell cycle
alterations are monitored in a highly controlled in vitro system. To confirm that
overexpression or inhibition of cancer markers does not activate the apoptosis pathway,
several assays are used including propidium iodide staining of nuclei, TUNEL assay and
caspase activation.

If a cancer marker is found to be a regulator of cell proliferation in prostate cells,
studies are designed to address how components of cell cycle machinery are modulated
by the cancer marker. Thus, in order to study cancer marker mediated effects on the cell

cycle machinery of prostate cells, cancer marker functions are modulated with the above
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mentioned tools (i.e., siRNA, dominant negative inhibition, etc.) and the expression
levels (transcript and protein) of cyclins (cyclin D1,E,A), cyclins-dependent kinases
(cdk2, cdk4, cdk6) and cyclin-dependent kinase inhibitors (p21CIP1, p27KIP1,
p45SKP2, p16INK4) are monitored.

H. Cell Adhesion and Invasion Assays

If a cancer marker is suspected of altering cell adhesion (e.g., the transcriptional
repression of an epithelial gene program such as E-cadherin), the methods described
above are used to investigate whether over-expression of the cancer marker causes
increased or decreased cell adhesion. Adhesion to extracellular matrix components,
human bone marrow endothelium (HBME) as well as to human umbilical vein
endothelial cells (HUVEC) is tested. Cancer markers are further tested for their ability
to modulate invasion of PCA.

Known methods are used in these studies (Cooper ef al., Clin. Cancer Res. 6:4839
[2000]). Briefly, snap-apart 96-well tissue culture plates are coated with crude bone and
kidney matrices. Plates are incubated overnight at room temperature under sterile
conditions and stored at 4°C until needed. Assay plates are also coated with extracellular
matrix components (e.g., human collagen I, human fibronectin, mouse laminin I) and

human transferrin at various concentrations according to the manufacturer’s instruction

- (Collaborative Biomedical Products, Bedford, MA). Endothelial cells (HBME or

HUVEC) are seeded onto bone matrices or plastic substrata at a concentration of 900
cells/ul and grown to confluence. Tumor cells are removed from the flask by a 15-20
minute treatment with 0.5mM EDTA in Hank’s balanced salt solution. Once the EDTA
solution is removed, the cells are resuspended in adhesion medium (e.g., minimum
essential medium (MEM) with 1% bovine serum albumin (BSA) supplemented with 10
uCi > Cr sodium salt (NEN, Boston, MA)) for 1 hour at 37°C. Cells are then washed
three times in isotope free media and 1 x 10° radio-labeled tumor cells are resuspended in
adhesion media and layered upon a confluent layer of endothelial cells for 30 min at
37°C. In addition, radiolabeled tumor cells are applied to crude bone matrices. Again,

plates are washed three times in phosphate buffered saline and adhesion is determined by
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counting individual wells on a gamma counter. Cell adhesion is reported relative to the
adhesion of controls (PC-3 cells on plastic), which are set to 100.

Cell invasion assays are performed using a classic Boyden chamber assay. Both
strategies to inhibit and overexpress cancer markers are evaluated. Previous reports have
correlated increased cell migration in a Boyden Chamber system with increased invasive
properties in vivo (Klemke et al., J Cell Biol. 140:61 [1998]. Commercially available 24-

well invasion chambers are used (e.g., BD biosciences, Chemicon International).

I Transcriptional Suppression in Prostate Cancer Cells

In some embodiments, the effect of cancer markers on gene silencing in prostate
cells is assessed. Gene silencing is assayed in several ways. First, gene expression
alterations induced by transient transfection of cancer markers and mutants in prostate
cell lines (RWPE, DU145, LnCAP, and PC3) is assayed using FUGENE. Twelve to 48
hours after transfection, cells are harvested and a portion is processed to confirm
expression of the transfectants by immunoblotting. Using vector-transfected cells as a
reference sample, total RNA from transfected cells is then assessed on 20K cDNA
microarrays.

In addition to transient transfections, stable cell lines overexpressing cancer
markers and cancer marker mutants are generated. Patterns of gene expression from
cancer marker and cancer marker mutant expressing cell lines are compared to vector-
matched controls in order to identify a gene or group genes that is repressed by a given
cancer marker. The present invention is not limited to a particular mechanism. Indeed,
and understanding of the mechanism is not necessary to practice the present invention.
Nonetheless, it is contemplated that genes identified as repressed by a given cancer
marker will be increased (de-repressed) upon knock-down of the cancer marker (e.g., by
siRNA inhibition).

All publications and patents mentioned in the above specification are herein
incorporated by reference. Various modifications and variations of the described method
and system of the invention will be apparent to those skilled in the art without departing

from the scope and spirit of the invention. Although the invention has been described in
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connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments. Indeed,
various modifications of the described modes for carrying out the invention which are
obvious to those skilled in the relevant fields are intended to be within the scope of the

following claims.
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CLAIMS
We claim:
1. A method for characterizing prostate tissue in a subject, comprising:
a) providing a prostate tissue sample from a subject; and
b) detecting the presence or absence of expression of hepsin in said

sample, thereby characterizing said prostate tissue sample.

2. The method of Claim 1, wherein said detecting the presence of expression

of hepsin comprises detecting the presence of hepsin mRNA.

3. The method of Claim 2, wherein said detecting the presence of expression
of hepsin mRNA comprises exposing said hepsin mRNA to a nucleic acid probe
complementary to said hepsin mRNA.

4, The method of Claim 1, wherein said detecting the presence of expression

of hepsin comprises detecting the presence of a hepsin polypeptide.

5. The method of Claim 4, wherein said detecting the presence of a hepsin
polypeptide comprises exposing said hepsin polypeptide to an antibody specific to said
hepsin polypeptide and detecting the binding of said antibody to said hepsin polypeptide.

6. The method of Claim 1, wherein said subject comprises a human subject.
7. The method of Claim 1, wherein said sample comprises tumor tissue.
8. The method of Claim 7, wherein said tumor tissue sample is a post-

surgical tumor tissue sample and said method further comprises the step of c) identifying
arisk of prostate specific antigen failure based on said detecting the presence or absence

of expression of hepsin.

156



10

15

20

25

30

WO 03/012067 PCT/US02/24567

9. The method of Claim 1, wherein said characterizing said prostate tissue

comprises identifying a stage of prostate cancer in said prostate tissue.

10.  The method of Claim 9, wherein said stage is selected from the group
consisting of high-grade prostatic intraepithelial neoplasia, benign prostatic hyperplasia,

prostate carcinoma, and metastatic prostate carcinoma.

11.  The method of Claim 1, further comprising the step of c) providing a

prognosis to said subject.

12. The method of Claim 11, wherein said prognosis comprises a risk of

developing prostate specific aﬁtigen failure.

13.  The method of Claim 12, wherein said prognosis comprises a risk of

developing prostate cancer.

14. A method for characterizing prostate tissue in a subject, comprising:
a) providing a prostate tissue sample from a subject; and
b) detecting the presence or absence of expression of pim-1 in said

sample, thereby characterizing said prostate tissue sample.

15.  The method of Claim 14, wherein said detecting the presence of

expression of pim-1 comprises detecting the presence of pim-1 mRNA.
16.  The method of Claim 15, wherein said detecting the presence of
expression of pim-1 mRNA comprises exposing said pim-1 mRNA to a nucleic acid

probe complementary to said pim-1 mRNA.

17.  The method of Claim 14, wherein said detecting the presence of

expression of pim-1 comprises detecting the presence of a pim-1 polypeptide.
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18. The method of Claim 17, wherein said detecting the presence of a pim-1

polypeptide comprises exposing said pim-1 polypeptide to an antibody specific to said

pim-1 polypeptide and detecting the binding of said antibody to said pim-1 polypeptide.

19. The method of Claim 14, wherein said subject is a human subject.

20.  The method of Claim 14, wherein said sample comprises tumor tissue.

21.  The method of Claim 20, wherein said tumor tissue is post-surgical tumor
tissue and said method further comprises the step of c) identifying a risk of prostate
specific antigen failure based on said detecting the presence or absence of expression of

hepsin.

22. The method of Claim 14, wherein said characterizing said prostate tissue

comprises detecting a stage of prostate cancer in said prostate tissue.
23.  The method of Claim 22, wherein said stage is selected from the group
consisting of high-grade prostatic intraepithelial neoplasia, benign prostatic hyperplasia,

prostate carcinoma, and metastatic prostate carcinoma.

24.  The method of Claim 14, further comprising the step of c) providing a

prognosis to said subject.

25.  The method of Claim 24, wherein said prognosis comprises a risk of

developing prostate specific antigen failure.

26.  The method of Claim 24, wherein said prognosis comprises a risk of

developing prostate cancer.

27. A method for characterizing prostate tissue in a subject, comprising:

a) providing a prostate tissue sample from a subject; and
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b) detecting the presence or absence of expression of EZH?2 in said

sample, thereby characterizing said prostate tissue sample.

28.  The method of Claim 27, wherein said detecting the presence of
expression of EZH2 comprises detecting the presence of EZH2 mRNA.

29.  The method of Claim 28, wherein said detecting the presence of
expression of hepsin mRNA comprises exposing said hepsin mRNA to a nucleic acid

probe complementary to said hepsin mRNA.

30. The method of Claim 27, wherein said detecting the presence of
expression of EZH2 comprises detecting the presence of a EZH2 polypeptide.

31. The method of Claim 30, wherein said detecting the presence of a EZH2
polypeptide comprises exposing said EZH2 polypeptide to an antibody specific to said
EZH2 polypeptide and detecting the binding of said antibody to said EZH2 polypeptide.

32.  The method of Claim 27, wherein said subject comprises a human subject.
33.  The method of Claim 27, wherein said sample comprises tumor tissue.
34. The method of Claim 27, wherein said characterizing said prostate tissue

comprises identifying a stage of prostate cancer in said prostate tissue.
35.  The method of Claim 34, wherein said stage is selected from the group
consisting of high-grade prostatic intraepithelial neoplasia, benign prostatic hyperplasia,

prostate carcinoma, and metastatic prostate carcinoma.

36.  The method of Claim 27, further comprising the step of ¢) providing a

prognosis to said subject.
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37.  The method of Claim 36, wherein said prognosis comprises a risk of

developing metastatic prostate cancer.

38. Akt for characterizing prostate cancer in a subject, comprising:

a) areagent capable of specifically detecting the presence of absence
of expression of hepsin; and

d) instructions for using said kit for characterizing cancer in said

subject.

39.  The kit of Claim 38, wherein said reagent comprises a nucleic acid probe

complementary to a hepsin mRNA.

40.  The kit of Claim 38, wherein said reagent comprises an antibody that

specifically binds to a hepsin polypeptide.

41.  The kit of Claim 38, wherein said instructions comprise instructions
required by the United States Food and Drug Administration for use in in vitro diagnostic

products.

42.  Akit for characterizing prostate cancer in a subject, comprising:

a) areagent capable of specifically detecting the presence of absence
of expression of pim-1; and

d) instructions for using said kit for characterizing cancer in said

subject.

43.  The kit of Claim 42, wherein said reagent comprises a nucleic acid probe

complementary to a pim-1 mRNA.

44.  Thekit of Claim 42, wherein said reagent comprises an antibody that .
specifically binds to a pim-1 polypeptide.
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45.  The kit of Claim 42, wherein said instructions comprise instructions
required by the United States Food and Drug Administration for use in in vitro diagnostic

products.

46. A kit for characterizing prostate cancer in a subject, comprising:
a) a reagent capable of specifically detecting the presence of absence

of expression of EZH2; and

d) instructions for using said kit for characterizing cancer in said
subject.
47.  The kit of Claim 46, wherein said reagent comprises a nucleic acid probe
complementary to a EZH2 mRNA.

48.  The kit of Claim 46, wherein said reagent comprises an antibody that

specifically binds to a EZH2 polypeptide.
49.  Thekit of Claim 46, wherein said instructions comprise instructions
required by the United States Food and Drug Administration for use in in vitro diagnostic

products.

50. A method of screening compounds, comprising:

a) providing

i) a prostate cell sample; and

ii) one or more test compounds; and
b) contacting said prostate cell sample with said test compound; and
c) detecting a change in hepsin expression in said prostate cell sample

in the presence of said test compound relative to the absence of said test

compound.

51.  The method of Claim 50, wherein said detecting comprises detecting
hepsin mRNA.
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52.  The method of Claim 50, wherein said detecting comprises detecting

hepsin polypeptide.

53.  The method of Claim 50, wherein said cell is in vitro.

54.  The method of Claim 50, wherein said cell is in vivo.

55.  The method of Claim 50, wherein said test compound comprises an

antisense compound.

56.  The method of Claim 50, wherein said test compound comprises a drug.

57. A method of screening compounds, comprising:

a) providing

i) a prostate cell sample; and

it) one or more test compounds; and
b) contacting said prostate cell sample with said test compound; and
c) detecting a change in pim-1 expression in said prostate cell sample

in the presence of said test compound relative to the absence of said test

compound.

58.  The method of Claim 57, wherein said detecting comprises detecting pim-
1 mRNA. '

59.  The method of Claim 57, wherein said detecting comprises detecting pim-

1 polypeptide.
60. The method of Claim 57, wherein said cell is in vitro.

61. The method of Claim 57, wherein said cell is in vivo.
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62.  The method of Claim 57, wherein said test compound comprises an

antisense compound.

63.  The method of Claim 57, wherein said test compound comprises a drug.

64. A method of screening compounds, comprising:

a) providing

i) a prostate cell sample; and

ii) one or more test compounds; and
b) contacting said prostate cell sample with said test compound; and
c) detecting a change in EZH2 expression in said prostate cell sample

in the presence of said test compound relative to the absence of said test

compound.

65.  The method of Claim 64, wherein said detecting comprises detecting
EZH2 mRNA.

66.  The method of Claim 64, wherein said detecting comprises detecting
EZH2 polypeptide.

67.  The method of Claim 64, wherein said cell is in vitro.

68.  The method of Claim 64, wherein said cell is in vivo.

69.  The method of Claim 64, wherein said test compound comprises an

antisense compound.

70.  The method of Claim 64, wherein said test compound comprises a drug.
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71. A method for characterizing inconclusive prostate biopsy tissue in a
subject, comprising:
a) providing an inconclusive prostate biopsy tissue sample from a
subject; and
b) detecting the presence of expression of AMACR in said sample,

thereby characterizing said inconclusive prostate biopsy tissue sample.

72.  The method of Claim 71, wherein said detecting the presence of
expression of AMACR comprises detecting the presence of AMACR mRNA.

73.  The method of Claim 72, wherein said detecting the presence of
expression of AMACR mRNA comprises exposing said AMACR mRNA to a nucleic
acid probe complementary to at least a portion of said AMACR mRNA.

74.  The method of Claim 71, wherein said detecting the presence of
expression of AMACR comprises detecting the presence of a AMACR polypeptide.

75.  The method of Claim 74, wherein said detecting the presence of a
AMACR polypeptide comprises exposing said AMACR polypeptide to an antibody
specific to said AMACR polypeptide and detecting the binding of said antibody to said
AMACR polypeptide.

76.  The method of Claim 71, wherein said subject comprises a human subject.

77.  The method of Claim 71, wherein the presence of AMACR expression in

said inconclusive biopsy tissue is indicative of prostate cancer in said subject.

78.  The method of Claim 71, wherein said method further comprises the step
of detecting expression of a basal cell marker selected from the group consisting of
34BE12 and p63 and the absence of a basal cell marker expression and the presence of

AMACR expression is indicative of prostate cancer in said subject.
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79. A method of detecting AMACR expression in a bodily fluid, comprising:
a) providing
1) a bodily fluid from a subject; and
1i) a reagent for detecting AMACR expression in said
biological fluid; and
b) contacting said bodily fluid with said reagent under conditions

such that said reagent detects AMACR expression in said bodily fluid.

80.  The method of claim 79, wherein said bodily fluid is selected from the

group consisting of serum, urine, whole blood, lymph fluid, and mucus.

81.  The method of claim 79, wherein the presence of AMACR in said bodily

fluid is indicative of cancer.

82. The method of claim 79, wherein said cancer is prostate cancer.
83. A kit for characterizing inconclusive prostate biopsy tissue in a subject,
comprising:
a) areagent capable of specifically detecting the presence or absence
of expression of AMACR; and
b) instructions for using said kit for characterizing inconclusive

biopsy tissue in said subject.

84.  The kit of Claim 83, wherein said reagent comprises a nucleic acid probe

complementary to at least a portion of an AMACR mRNA.

85. The kit of Claim 83, wherein said reagént comprises an antibody that
specifically binds to a AMACR polypeptide.
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86.  The kit of Claim 83, wherein said kit further comprises a second reagent,
said second reagent capable of specifically detecting the expression of a basal cell marker

selected from the group consisting of 34fE12 and p63.

87.  The kit of claim 86, wherein said instructions further comprise instructions
for using said second reagent and said reagent for characterizing inconclusive biopsy

tissue in said subject.

88.  The kit of Claim 83, wherein said instructions comprise instructions
required by the United States Food and Drug Administration for use in in vitro diagnostic

products.

89. A method of characterizing tissue in a subject, comprising:

a) providing a tissue sample from a subject, said tissue sample
selected from the group consisting of breast tissue, ovarian tissue, lymph
tissue, and melanoma tissue; and

b) detecting the presence or absence of expression of AMACR in

said sample, thereby characterizing said breast tissue sample.

90. A method of diagnosing cancer in a subject, comprising:

a) providing a tissue sample from a subject, said tissue sample selected
from the group consisting of breast tissue, ovarian tissue, lymph tissue, and melanoma
tissue; and wherein said subject is suspected of having breast cancer; and

b) detecting the presence of expression of AMACR in said sample,

thereby diagnosing cancer in said subject.

91. A method of diagnosing cancer in a subject, comprising:
a) providing a blood sample from a subject suspected of having
cancer; and
b) detecting an immune response to AMACR in said blood sample,

thereby diagnosing cancer in said subject.
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92.  The method of claim 91, wherein said cancer is prostate cancer.

93.  The method of claim 91, wherein said detecting an immune response

comprises detecting an antibody against said AMACR in said blood sample.
94. A method of inhibiting the growth of cells, comprising
a) providing
i) a cell that expresses EZH2; and
1) areagent for inhibiting EZH2 expression in said cell; and
b) contacting said cell with said reagent under conditions such that the

expression of EZH2 in said cell is inhibited.

95.  The method of claim 94, wherein said reagent is an antisense

oligonucleotide.

96.  The method of claim 94, wherein said reagent is a RNA duplex.

97.  The method of claim 94, wherein said reagent is a drug.

98.  The method of claim 94, wherein said cell is a prostate cancer cell.

99.  The method of claim 94, wherein said cell is ir vitro.

100. The method of claim 94, wherein said cell is in vivo.

101.  The method of claim 94, wherein said contacting further results in a

~ decrease in proliferation of said cell.
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H21041 ATF3 activating transcr3ption factor
AA478553 OCT dopachrome tautomerase dopachrome delta-1somerase, tyrosine-rel ated protein2
AA508794 CTGF connective tIssue growth factor
N62936 Homo sapiens mRNA; cDNA DKFZﬁE&SMH\a from clone DKFZpS86MI418
N75719 PAI1  plasm nogen aclivator fnnlblter, type
07090 NAGLU = N-acelyl glucosamin dase, alpha- Sanfilippo dlsease 118
AA031513  MMP7 matrlx mzlallorrotelnase 7 matrilysin, uterine
H17696 MBP myelin basic protein
AAO31513 le};? malrix metalloproteinase 7 matrilysin, ulerine
s
PCP4 Purkinfe cell rrateln4 !
SGK serum gl ucocorticold reguiated kinase
LUM lumican
LUM lumican
AA127965

s EST
AA148641 MEIS2 Meis mouse homlog?2
AAD47435 Kl AA0203  KIAAQ203 geme product
W92594 DKFZPS64B0769 DKFZP56480769 protein
AA454176 TPR translocated promoter region to actlvated MET oncoegene
AA228130 LEDGF | ens epithelium derived growth facior
AA026562  SEST
AA156946 Homo sapl ens mRNA; c¢DNA DKFZp564C2063 from clone DKFZp564C2063
H44784 BPAGY bullous pemphigeid antlgen 1 230/240kD
H54620 TNFSF10 tumor necrosis Factsr )igand superfamily, member 10
NO DATA FOR THIS CLONE IN UNIGENE BUILD 106.
EE?’TS' Weakly similar to simlar to pre-mRNA splicing Factar SRP20 [C.el egans)
H

235 ni cotfnani de N-methyl transferase
AAO25819  GAS1 growih arrestl-speciflc
W47387 EVI5 ecotropic viral lategration site$
W86653 FKBPS FK506-binding protein5
W36653 FKBPS FKS06-binding protelnS
N45364 ESTs
AN464830 CA3 carbonic anhydrase 111, muscle specific
AA430545 K1 AAOOS56  KI AAODSE protein
R27172 ESTs
AA457700 CYBS61 cytochrome b-561
R19956 VEGF vascular endothelial growth factor
H38650 SLC2A5 solute carrier famly 2 facllitated glucose transporter, member5
N40841 CCK chol ecysiokinln
Ho1216 Homo sapiens mRNA; c¢ONA DKFZp586A0617 from clone DKFZp586A0617
H50323 FASN fatty acid synthase
NO DATA FOR THIS CLONE I N UM GENE BUILD 106,
HO1340 MAP3K10 mitogen-activated protein kinase kinase kinase 10
W81570 CTBPY C-terminal bindifg protein
A 7 KRY8 keratin8
N fatty acld synthase
AA033032 TEXA2R thromboxane A2 receptor
: 746924 ABP1 amloride binding proteln 1 amine oxidase copper-contalning
295889 M67017 LIFR Jeukemia lahibilory factor receptor
256895N26311 PLAB prostate differentiation factor

l’[l:._r_‘l_b—-_\l-q_l_f_‘—\ll—-‘—-l
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Expression fold change from pool



WO 03/012067 PCT/US02/24567

6/129

Figure 6
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Figure 8
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Figure 9
SEQID NO Name Accession Number
1 Hepsin M18930
2 pim-1 M54915
3 FKBP5 XM_ 004288
4 FASN NM 004104
5 FOLH1 M99487
6 TNFSF10 XM 045049
7 PCM1 XM 044711
8 S100A11 XM 047223
9 IGFBP3 XM 004689
10 SLUG XM 011634
11 GSTM3 J05459
12 IL1R2 X59770
13 ITGB4 X53587
14 CCND2 XM 034568
15 EDNRB S57283
16 APP X06989
17 THROMBOSPONDIN 1 X04665
18 ANNEXIN Al XM 005665
19 EPHA1 M18391
20 NCK1 XM 051968
21 MAPK6 XM 017662
22 SGK XM 037045
23 HEVIN XM 011533
24 MEIS2 XM 012430
25 MYLK XM 042191
26 FZD7 NM 003507
27 CAVEOLIN 2 XM 004966
28 TACCI1 XM 049505
29 ARHB XM 002689
30 PSG9 NM 002784
31 GSTM1 NM_000561
32 Keratin 5 XM 006847
33 TIMP2 XM 027036
34 GELSOLIN XM 016545
35 ITM2C AAQ34213
36 GSTMS XM 002154
37 VINCULIN XM 011883
38 FHLI1 XM 042931
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_Figure 9 (cont.)

39 GSTP1 XM 040116
40 MEIS1 XM 010880
41 ETS2 XM 009766
42 PPP2CB XM 005121
43 CATHEPSIN B XM 005133
44 COL1A2 XM 029246
45 RIG XM 006029
46 VIMENTIN XM 042952
47 MOESIN XM 013042
48 MCAM XM 006077
49 FIBRONECTIN 1 XM 030549
50 NBL1 XM 001434
51 ANNEXIN A4 XM 031594
52 ANNEXIN All XM 035906
53 ILIR1 XM 002686
54 IGFBP5 XM 046731
55 CYSTATIN C XM 009599
56 COLI15A1 XM 005592
57 ADAMTSI1 XM 047796
58 SKI XM 001535
59 EGRI1 XM 033546
60 FOSB NM. 006732
61 CFLAR XM 027980
62 JUN XM 001472
63 YWHAB XM 009519
64 NRAS XM 001317
65 C7 JO3507

66 . SCYA2 XM 038982
67 ITGA1 XM 032902
68 LUMICAN XM, 006900
69 C1S XM 032536
70 C4BPA XM 052053
71 COIL3A1 XM 044878
72 FAT XM 003477
73 MMECD10 XM 030168
74 CLUSTERIN XM 005113
75 PLA2G2A XM 027887
76 MADH4 XM 030100
77 SEPP1 XM 011306
78 RAB2 XM 037653
79 PP1CB NM 002709
80 MPDZ XM 051281
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Figure 9 (cont.)
81 PRKCL2 XM 001880
82 ATF2 XM 027217
83 RABSA NM 004162
84 Cathepsin H XM 007633
85 CTBP1 XM 003445
86 MAP3K10 XM 042665
87 TBXA2R XM 047633
88 MTAI1 NM. 004689
89 RAP2 NM. 002886
90 TRAPI1 XM 036666
91 TFCP2 XM 051171
92 E2-EPF XM 012615
93 UBCHI10 XM 009488
94 TASTIN XM 006826
95 EZH2 XM 004774; NM004456
96 FLS353 AB024704
97 MYBL2 XM 009492
98 LIMK1 XM 051836
99 TRAF4 XM 031428
104 AMACR XM 043772; NMO01324
114 GP73 AF236056
115 CTBP2 AF016507
116 Annexin A2 NM. 004039
117 Annexin A4 XM 031596
118 Annexin Alt NM 001157
119 ABCC5 (MDRS) XM 002914
120 ASNS M27396
121 TOP2A NM 001067
122 Vav2 XM_005638
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SEQ ID NO:1

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741

tcgageccecege
aggccccacg
tgccecaggcece
tggaccceecag
gtgacatggce
cagctctcecac
ttgtggetgt
cggacgceteg
cgegetecaa
tgacccactc
gtgtggacga
attgccccag
ccgtggaceg
gccttegeta
tgacagccgce
ccggtgecgt
accacggggg
ccctggteca
cagctgcegg
cgcagtacta
atgatgtetg
ctggctacce
gtgaggacag
ctggetgtge
ggatctteca
cggtggette
ctgggccgag
ccectecaggg
caccctectg
ctgatgatgg

SEQ ID NO:2

1
61
121
181
241
301
361
421
481
541
601
661
721
781

gaggaggecc
gcagcagcag
tcaccccgece
cagcgcctca
gcaccgcagc
cectgeggeayg
ccaaaatcaa
agctggegece
tgggcagegyg
tggccatcaa
ctcgagtgce
ttaggctccet
agccggtgea
cecgeagett

tttecaggga
cecaccgecte
tggagactga
ggteccceaccece
gcagaaggag
tgeggggace
tctectcagg
gctcatggtce
cgecagggta
cgagectggac
ggggaggctg
aggccgttte
catcgtggga
tgatggagca
ccactgcttc
ggcccaggcece
ctatetteece
cctctecagt
ccaggccctg
tggccaacag
caatggegcet
cgagggtggce
catctctegg
cctggecccag
ggccataaag
tegetgegea
gatgggacgt
tecctetettce
acccecatgt
gatgctcecttt

gagaggagtc
caaccactag
gttctcagcg
gttgtcectcee
acagcacagc
ctcectetgge
ctcgettgece
cggcaaggag
cggettegge
acacgtggag
catggaagtg
ggactggttc
agatctctte
cttetggeag
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Figure 10

ccctacctga
tgecctecagg
cccgaccceg
tggcccagga
ggtggcegga
ctgctactte
agtgaccagg
tttgacaaga
gecceggactea
gtgcgaacgg
ccecacaccece
ttggcegeca
ggcegggaca
cacctctgtg
ccggagcgga
tctcececccacg
tttegggacce
ccectgeccee
gtggatggca
gceggggtac
gacttctatg
attgatgecct
acgccacgtt
aagccaggcg
actcacteceg
gccteccaggyg
ttttecttctt
cacagtggcg
aaatattgtt
aaataataaa

ggtggcagcg
cctectgecee
ctgeccgace
gactcgccct
acagcccagyg
acgtcectge
cacctgegeg
aaggagcccce
tcggtctact
aaggaccgga
gtectgetga
gagaggcccg
gacttcatca
gtgetggagg

gggcccacag
cegeecegetg
gcactacctce
ggtcagccag
ctgtgececatg
tgacagccat
agccgetgta
cggaagggac
gctgcgagga
cgggegecaa
agaggctgcet
tctgccaaga
ccagettggg
ggggatccct
accgggtect
gtctgcaget
ccaacagcga
tcacagaata
agatctgtac
tccaggaggce
gaaaccagat
gcecagggega
ggcggcetgtyg
tctacaccaa
aagccagegyg
ccecgaggtga
gggcecggte
ggcccactca
ctgetgtetg
gatggttttg

gcggceggegyg
cgeggegttyg
cegetggege
cggccttege
catagctteg
gccgacattce
cecgegecctg
tggagtcgcea
caggcatccg
tttecegactg
agaaggtgag
acagtttcgt
cggaaagggg
ccgtgeggea

gtgaggcagc
ctgeggggec
gaggctecge
ggaatcatta
ctgctecaga
cggggcggca
cccagtgecag
gtggeggetg
gatgggcttce
tggcacgtcg
ggaggtcate
ctgtggccgce
ccggtggecyg
gctctececggg
gtecegatgg
gggggtgcag
ggagaacagc
catccagect
cgtgacgggce
tecgagtcccce
caagcccaag
cageggtggt
tggcattgtg
agtcagtgac
catggtgacc
teceeggtggt
cacaggtcca
gcececcgagac
ggactcctgt
att

gaccggcagce
cgacgagccc
gecteccgece
gcagcgcage
gcacagcecc
tggaggttgg
caacgacctg
gtaccaggtg
cgtetecgac
gggagagetg
ctcegggttte
cctgatectg
agccetgeaa
ctgcecacaac

PCT/US02/24567

ctggectage
accatgctcc
cceccacctge
acaagaggca
cccaaggtgg
tcctgggeca
gtcagctctg
ctgtgctect
ctcagggceac
ggcttcttcet
tecegtgtgtg
aggaagctge
tggcaagtca
gactgggtgce
cgagtgtttg
gctgtggtcet
aacgatattg
gtgtgecetce
tggggcaaca
ataatcagca
atgttctgtg
cectttgtgt
agttggggca
ttccgggagt
cagctetgac
gggatccacg
aggacaccct
cacccaacct
ctaggtgccce

agcagcagca
cacgagccgce
gcagtcecegg
acagccgcac
ggctccgget
atgctettgt
cacgccacca
ggcccgcetac
aacttgcecgg
cctaatggea
teeggegtea
gagaggcceg
gaggagctgg
tgcggggtge
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841 tacaccgecga
901 tcatcgactt
961 ccecgagtgta
1021 cagtctggtc
1081 atgacgaaga
1141 agcatctcecat
1201 tccagaacca
1261 tccacagcct
1321 ttgtecagatg
1381 gtctegecaa
1441 caggcceétyg
1501 ctcaactect
1561 aaatatccceg
1621 atcatgagtt
1681 ataggactag
1741 tggggactcc
1801 ccaaaaatct
1861 ttcatatgaa
1921 tttctgectce
1881 ctgtttcaaa
2041 aaagctgtaa
2101 atttttaaga
2161 tgcgcattct
2221 tcctattcca
2281 ttggggacct
2341 ggcgggacag
2401 ggtccegget
2461 gaaacacagt
2521 aggtagcectg
2581 ttttttttta

SEQ ID NO:3

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

gaacaatgaa
aaaagacagg
gattggagac
ttccagtcat
ggcatgggac
accagaatat
cttttttgag
tatccggaga
agaaatccac
cactgtgggc
aatgcagegyg
agggaagcct
gagcttcgaa
tgceattgte
gattcagtat
atcgaaagct
gaagcttaga
tgccaatgag
gtcagccaag
actgcagatc
atacgccaac
aatgggcaag

catcaaggac
cgggtceggag
tagcecctcececa
cctggggatc
gatcatcagg
tagatggtgce
tccatggatg
gtcgcegggg
ccecgagggag
gcaggacagt
gaggctgect
cccatagata
gg9g9gtggggg
ctgctgaatg
cacattttaa
ggctgtgetg
geectgggttt
aggtgccatg
ctttagtaaa
gccaagacct
atgtgtgtac
aattttgect
aacctggagg
agcttccata
tttgggggag
tgctgeaget
ctgtgggtga
tctggatggt
ctggttttat
tacttgecgtt

gaaagcccca
ggagtattaa
aaagtttatg
gatagaaatg
attggggtgg
gcatatgget
attgagctcce
accaaacgga
ctggaaggcc
gaaggagaag
gaagaacaat
aaatttggca
aaggccaaag
aaagagaagg
gggaagatag
tctgaatcat
gaatacacca
aaaggecttgt
ggtgactttg
tececatgtgee
atgttcaaga
aagacttcag
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Figure 10 (cont.)

gaaaacatce
gcgcetgctea
gagtggatcc
ctgctgtatyg
ggccaggttt
ttggccetga
caagatgttc
cccagcaaat
gggaagcttc
gcttgataca
cccaacagtg
ctctcecttett
gtgggggtgag
ccgegatggyg
gtcecctgtca
ggagaaatac
tgttcectat
gaagaggcta
actccgagtyg
cacacacaca
agttggcatg
ttaagttatt
tcaatgttat
getgetgecce
ggctgcgacg
cectggette
tgggaggggc
gtgccttcca
ctgagtgaaa
tggaataaaa

cagccactgt
agattgtcaa
tccattacaa
aaccatttgt
ctaccatgaa
cggetggcag
ttgatttcaa
aaggagaggg
gctgtggtgg
accacgacat
gtattttata
ttgaacctaa
aatcctggga
gaaccgtata
tgtcctggtt
ttectecttge
aagctgttga
ataggagggyg
agaaagtgct
agaaaaaggc
agtttgcaga
aaggggtcac

ttatcgacct
aggacaccgt
gctaccatcg
atatggtgtg
tcttecaggca
gaccatcaga
tcctgeccea
agcagcecttt
tgtctccage
ggaacaacat
gggaagagtg
ctcataggtg
gcagaaccct
tcaggtaggg
cctcttecga
ttgaacttge
ttttetetee
cagggccaaa
aactggtctt
aaaaaatgca
gtagtataca
ttacctgttt
gtatttattt
tagttttett
cttgetetgt
tgtggggccec
cattgctgac
gatcectctet
tactgtacag
accctttgge

tgctgagecag
aagagtgggg
aggaaaattg
ctttagtctt
gaaaggagag
tcteectaaa
aggagaggat
atattcaaat
aaggatgttt
tccaattgga
tcttggacca
tgctgagctt
gatggatacce
cttcaaggga
agagatggaa
tgcctttetg
atgctgtgac
tgaagccceag
ggaagtaaac
caaggagcac
gcaggatgce
taatgaaaaa

caatcgecgge
ctacacggac
ctaccatgge
tggagatatt
gagggtetet
taggccaacc
ggaaactgct
ctggcaggtce
ttceccgagta
ttacaactca
actctceccagg
tccagcattg
gccaatggaa
gggaaacagg
ctctttctga
ctcttttace
tgtectecet
cgetgagecea
cctttttggt
caaaccaagc
aaaagattgt
ttgtttettg
atttatttat
tcctecttte
ttgtggggtyg
ctcacctact
tgtgtatata
ggggctgtgt
gggaataaaa
ttt

ggagaggata
aatggtgagg
tcaaatggaa
ggcaaaggcce
atatgccatt
attcectcga
ttatttgaag
ccaaacgaag
gactgcagag
attgacaaag
agatatggtt
atatatgaag
aaagaaaaat
ggcaaataca
tatggtttat
aacctggcca
aaggcccettg
ctgctcatga
cceccagaata
aacgagcggag
aaggaagagg
ggaacagaca

PCT/US02/24567

gagctcaagce
ttcgatggga
aggtcggegg
cctttegage
tcagaatgte
ttcgaagaaa
gagatccacc
ctcecectete
ccagtgacac
ttcecagatcc
ggtcctaggce
ctggactctg
ctetttette
ttgggatggyg
gtgecttetg
tgctgettcet
caceccectcece
cctgecettt
Etttacttaa
aatcaacaga
agtggatcta
ttttgaaaga
ttggttccct
cteetetgac
acgggactca
taccecaggtg
ggataattat
tttgagcagce
gagatcttat

ttaccteccaa
aaacgccgat
agaagtttga
aagtcatcaa
tactgtgcaa
atgcaactct
atggaggcat
gagcaacagt
atgtggcatt
ctetggagaa
ttggagaggc
ttacacttaa
tggagcaggce
tgcaggeggt
cagaaaagga
tgtgctacct
gactggacag
acgagtttga
aggctgcaag
accgcaggat
ccaataaagc
gtcaagcaat
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1321 ggaagaagag
1381 gaactceggcece
1441 aagtttgtta
1501 acagcccccec
1561 ggaacaaaca
1621 tttcagttte
1681 tgtggggctg
1741 aaatgcttca
1801 ttttgttttt
1861 aacccacagt
1921 gccagaacct
1981 agccagccetce
2041 tcectgteattce
2101 gcttttecta
2161 gtgctttttc
2221 , tcceag

SEQ ID NO:4

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101

atggaggagyg
gagttetggg
aaggcetggge
gatgcctect
ctgetgetgg
cgaggaacac
agccgagacc
gccaaccgge
tgctecteca
cctgecgeca
ttgaggctgg
gggtactgce
aaggtctaca
gtgaccttcece
gtggeccecetg
ccccaggagce
atcggctceca
gccaaggtge
cccaaccectg
ccegteegtg
atcatcctga
cgtctgetge
ctceggeaca
gccacegeca
gtgcagcagg
cagtggcgtg
cgcetecgatg
gacgagagca
ggectecatag
ctgggggagt
gcctactgga
gtgggettgt
cacaactcca
gagcagctga
cactcctact
cgggagccga

aaacctgagg
cctecteaat
tagtctatgt
tgctgectgee
gaaatgactg
tatcaacctt
ttaggtttta
tgaatttcte
taaatgactg
agaggggtct
cagaggccac
cttgtgagag
ctaaaacacc
ttttcgatga
tccectecte

tggtgattgce
acaacctcat
tctacggecet
tctteggagt
aagctaccta
acactggegt
ccgagacact
tetecttett
gcctgatgge
tcgtggggagg
ggatgctecag
gctcggaggyg
ccaccatcct
ctcaggatat
agtcatttga
gtaatggcat
ccaagtccaa
tgctgtececct
agatcccage
gcggcaacgt
ggcccaacac
gggccagegyg
gccagggect
tgccettecg
tgccecgetgyg
gaatggggcet
aggctgtgaa
cctttgatga
acctgctgag
ggctgteggt
ggggacagtg
cctgggagga
aggacacagt
ggaaggaggg
tcatggaggce
agccacgtte
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Figure 10 (cont.)

gccacgtatg
gggctttecece
gattctggaa
cggagggtte
tggtgtggag
caagtatcca
cctttgaact
ctttectaca
aagtgctata
catgtctccc
ttgcttgctg
tggcttteta
cttcagcaat
agttctgaga
tattcectttt

cggcatgttc
cggeggtgtg
geeceeggegy
ccaccccaag
tgaagccatc
ctgggtggge
cgtgggcetac
cttcgactte
cctgcagaac
catcaacgtce
ccecegaggge
tgtggtggct
gaacaaaggc
ccaggagcag
atacatcgaa
cacccgagcec
catggggcac
ggagcacggg
gctgttggat
gggcatcaac
gcagtcegee
acgcaccect
ggcttteetg
tggctacget
cgagcgeccyg
gagccttatg
ccgattegge
catcgteceat
ctgcatggga
acgcgacggc
catcaaagaa
gtgtaaacag
caccatctecg
tgtgtttgee
catcgcacce
agcecegetgg

acgccacgcec
ccaactcagg
gcaaatggca
actgaggggt
ggagtgagcecce
attcagggtc
ttcatagcac
gttgggtagg
aatgtagtct
cagttccaca
acttagccte
ccacacacag
gataatgagc
tactgaaatg
agggaataat

gggaagctge
gacatggtca
teceggecaage
caggcacaca
gtggacggag
gtgagcgget
agcatggtgg
agagggccca
gcctaccagg
ctgctgaage
acctgcaagg
gtcctgetga
accaatacag
cctateeget
gcccacggac
ctgtgegecea
ccggagccag
ctetgggece
gggeggctge
tectttgget
cececgcacceg
gaggcegtge
agcatgctga
gtgctgggtg
ctctggttca
cgcctggacce
ctgaaggtgt
tegtttgtga
cctgaggcag
tgcetgtece
geeecactte
cgetgeecce
ggacctcagg
aaggaggtgce
ccactgetge
ctcagcacct

aaggagggaa
acagaacagt
aaaccagtag
ggcacgggac
agcagcttaa
cctggagatc
tgcagaaacc
gtaggggaag
gttgcatttt
gcagtgtcac
ctcccaaagt
cctgtecectg
agatgagagt
tgaaaagagc
attcaataca

cagagtcgga
cggacgatga
tgaaggacct
cgatggaccc
gcatcaaccc
ctgagacctc
gctgecageg
gcatcgcact
ccatccacag
ccaacacctc
ccttegacac
ccaagaagtc
atggcttcaa
cgttgtacca
caggcaccaa
cccgecagga
cctecgggget
ccaacctgeca
aggtggtgga
tegggggcete
ccccacatge
agaagctgct
acgacatcge
gtgagacgeg
tctgetetgg
gcttcegaga
cacagctgcet
gcctgactge
atggcatcgt
aggaggaggc
ccgeeggege
ctgceggtggt
ccecggtgtt
ggaccggcgyg
aggagctcaa
ctatcececcga
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gagtccecagt
gtttaatgta
cttcccaaaa
cactccaggt
gtcecagctca
atcctaacaa
tttaaaaaaa
gaggataagce
taaccaacag
agacgtgaaa
cceectecte
ggggagtaat
ttctggatta
aatcagaatt
cagtacttce

gaacttgcag
ccgtegetgg
gtctaggttt
tecagctgcgg
agattcactc
ggaggccctg
agcgatgatg
ggacacagcc
cgggcagtgc
cgtgeagtte
agcggggaat
cctggceecgg
ggagcaaggc
gteggecgga
ggtgggegac
gcegetgete
cgacgccctg
cttccatage
ccagccectyg
caacatgcac
caccctgecec
ggagcagggce
ggectgtecece
gtggcccaga
gatgggcaca
ttccatecta
gctgagecaca
catccagata
cggccactcce
cgtecteget
catggcagcc
gccegectge
tgagttcgtg
tatggecctte
gaaggtgatc
ggcccagtgyg
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2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341

cacagecagcc
gtgctgttec
ccgacceegt
cceegtatga
ctgcacctct
gctcccegag
gacgcgccgg
acatgcacac
cgegtectet
tgggctggge
atcctgcceccea
ttegaggtgt
cctgaccececa
ctecttectgg
cctcatttece
aaggataact
aagcacggcc
aggcagaagc
tggccgaggg
ccgeggegge
acggaggagg
gggctggteg

gactggacgg
teggetgecet

gcccaggaga
gcactcaagg
gtggaggtgce
catccectge
gcccaggecyg
gcececcageg
ggggacccgyg
ctcctgecaca
gagccgeagt
gtgtegetge
cgccggecca
tgggtggagt
aaggccatca
cceggeggaa
gaggtggacc
gtctaccgceg
gagccgacgg
tgggtectget
gtctactacg
gatgccatcc
cgagacgcca
gtcetgetgt
gccteggtge
c¢gccecgggg
gccatcgecce
gcgtacctcee
acatcctteg
aactccttgg
ttecctggaaa
ctgaagaacyg

tggcacgceac
aggaggccct
gcectcaggce
agaaggatca
caggcatcga
gaactccect
ccgecgagga
caagctcecga
tececcecgecac
tcgagcagcet
agactgggac
cagagaacgg
ggctettega
cccaggcaga
agggcatcect
gggtgagcett
tgtacctacce
tgtacacact
tcacagtggce
acgaggagca
ggtgectgte
aggcactcga
ggcccagatc
gcaggcttea
ggcccaagcet
cctgectgga
tggceggeca
tgcagetgag
agctgecagca
ccctgggeag
cctecagetcet
cactgcteeg

atggccaggg
gectggtggg
cceccgeagga
ctctgaaggg
actgtgccac
cegtecggtyg
cgggctceege
acggggcectyg
cacatgectt
cctegetgeg
cctecctecaa
cagggaagtg
gceggcaagceg
caccggactt
ctgtcgtecta
agacgctgct
tecagtetggg
aggccaggtt
agcagcatgt
cggaagagdaa
ttggcaaatt
tgacattcca
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gtecttececgece
gtggcacgtg
tgtcctgaag
cagggacaac
cgeccaacccec
catctcccea
cttcccecaac
gtctcetgac
tggctacctg
gcctgtggtg
agtgtccttg
caacctggta
ccacceggaa
agtttacaag
ggaggccagce
catggacacc
caccecgtgte
gcaggacaag
gggaggcgtce
gcaggtgecc
tgagcacget
gaccaaggtg
cceceegggac
gctecaacggg
gccagaggac
cactgeecgtyg
cggtcacctg
ctacacggcc
gcacgacgtt
cgcggaccte
cagcaacatg
ggggcaccct
catcctgagc
cctgaagaag
cagccceccatc
catcctggct
ctcgggegtg
tgtgctgcetce
agaactgcag
gggggtttte
tgtgagcacc
ccatgececcag
cttcecgegac
gacctcccag
tgtgatggga
cctetgggat
cagcacggcec
catccactcg
ctgecegegtce
ceccccagcete
getgtggeac
gctgcaggcec
cgacctttet
cggggtecta

gagtacaatg
cctgageacg
cgggtcecgta
ctggagttct
aatgccttgt
ctcatcaagt
ggttcaggtt
cgctacctgg
agcatagtgt
tttgaggatg
gaggtacggc
gtgagtggga
agteccccace
gagctgecgtce
ctggaaggtg
atgectgcaga
accgceeatcece
gcccaagtgg
cacatctccg
atcectggaga
gcecetegagg
acccagcagg
ccctcacagce
aacctgcagce
cctetgeteca
gagaacatgc
tattccegea
accgaccgece
gcccagggcce
ctggtgtgeca
gtggctgecc
cgggacatceg
caggacgegt
teettcetacyg
ttectgecgg
gacgaagact
gtgggettgg
tccaaccteca
aaggtgttgce
cgccacttece
ctcacceggg
cccaccectgece
atcatgctgg
gacagectge
ctggtgectg
gtgectteca
tactacgege
ggctegggeg
ttecaccaceg
gacagcacca
acgggcecggga
agcgtgaggt
cagaaccacc
ctggatgegt

tcaacaacct
cggtggtget
agccgagetyg
tcetggeegg
tccecacctgt
gggaccacag
cccccteage
tggaccacac
ggaagacgct
tggtgcagca
tcectggagge
aggtgtacca
ccaattccce
tgcgtggcta
actcggggag
tgtececateoet
acatcgacce
ctgacgtggt
ggctccacac
agttttgett
aggagctgca
ggctgaagat

.aggaactgcc

tggagetgge
gcggcectect
ccagcctgaa
tcccaggect
acccecaggce
agtgggatcc
actgtgctgt
tgagagaagg
tggeccetteet
gggagagcct
gcgecacgcet
tggacgatac
cttceeggee
tgaactgtet
gcagecaccte
agggagacct
tgctggagga
gggacctgte
ctggegecca
ccactggcaa
taggtatgga
ccaagggect
actggacgct
tggtggtgcg
gcgtgggeca
tggggtcgge
gecttegecaa
agggegttga
gctteggtac
cgcteggeat
tettcaacga
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ggtgagccct
ggagatcgece
caccatcatc
catcggcagg

ggagtccceca
cctggectgg
caccatctac
catcgacggt
ggccecgegec
ccaggccacce
caccggtgcc
gtgggatgac
acggagtcec
cgactacggce
gctgctgtgg
gggcteggec
tgececacceac
ggtgagcagg
tgagtcggcc
cactceccac
actgtgcaag
ggtggtgceg
ccggetgttg
gcaggtgctg
ggactcceceg
gatgaaggtg
gctcagcece
cctggagget
cgcagaccct
ggctgcecte
gggctttectg
caccteccact
cttetecagg
cttecetgtge
cagcttccge
tgtgtggctg
ccgecgagag
ccacgtceccg
ggtgatgaac
caagcctgag
ctccatcege
getetgecacg
gctgteccct
gttctcggge
ggccacctet
ggaggaggcg
tgggcgggtg
ggccgecatce
tgagaagcegg
ctececegggac
cctggtcttg
gcacggtege
ggctatette
gagcagtget
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5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501

gactggcggg
ctecaagtgea
gggaagcaca
ggggccaaac
tacatcatcg
cgtggggtge
aagcaggtcc
agctcactgg
ggcgtettea
ttcttecagg
cgagaggcegt
ggcaatgcgg
aaacgccggce
ggcattttgg
cgcattggcyg
ctgagcagct
gacctggtgg
ggcggctcac
ctggagcgtg
aaactgcagg
aaggaggatg

cecggagggee

ctggtgcacc
cccacctatg
gcctactaca
tactectacg
ccagccecca
tacacccaga
gcecatatget
ctgctgeege
agccaccagg
ctgcgtgecg
cgggccaaga
gtatgcgacy
ggcagcggcece
agtcgggagg

SEQ ID NO:5

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

ctcaaaaggg
attggttcag
gcgaattceca
ccegeegtgg
gcecggetetg
accgcgecgcece
ctectegget
ccaaagcata
ttatataatt
aagcaaattc
gatgtcctgt
gatggaaatg
gtttcggata
ctagtgtatg
atcaattgct
gttaaaaatg

aggtgtgggc
cggtgttcca
ttggcaaagt
ccaagctgat
ctggtggtct
agaagctegt
gccggtggag
agggggcccg
acctggecegt
acgtctgcaa
gcecctgaget
gacagagcaa
acgaaggcect
tggagacgat
tccttggect
ttgtgetggce
aggccgtgge
tggcggaccet
agctcaacct
agctgtccectc
gtctggecea
ccaccctgat
caatcgaggc
gectgecagtyg
tcgactgceat
gggcctgegt
cccacaacag
gctaccggge
tettegtgea
tgaagggcct
gcectggaccg
ctgaccagta
cgggtggeeg
ggaaagtatc
tggagtccat
gctag

gccggattte
tgcactctag
gectgeaggyg
tggttggagg
ctecgegecga
gcccecgegetg
tecckcttegg
atatgaaagce
ttacacagat
aatceccagtg
tgtcctacee
agattttcaa
ttgtaccacce
ttaactatagc
ctgggaaaat
cccagetgge
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Figure 10 (cont.)

gettgtegag
tggggeccag
cgtcgtgeag
gtcggecatce
gggtggctte
gttgacttet
gegecagggyg
gggcctcatt
ggtcttgaga
gcccaagtac
ggactacttt
ctacggettt
cccaggectg
gagcaccaac
ggaggtgcetg
tgagaaggct
acacatcctg
gggecctggac
ggtgctgtcc
aaaggcggat
gcagcagact
geggcetcaac
taccaccgtg
caccecegget
caggcaggtg
ggcctttgaa
cctettectg
aaagctgacc
gcagttcacg
agaggagcgt
ccaggagctg
tacacccaag
ctacggcgag
cgteccatate
catcagcatc

cttecteectgg
aaacactgct
ctgataagcg
gcgegeagta
gatgtggaat
gctgtgeget
gtggtttata
atttttggat
accacattta
gaaagaattt
aaataagact
cacatcatta
tttcagtgct
acgaactgaa
tgtaattgcc
aggggccaaa

gcecgecatee
gtggaggacg
gtgettgegy
tccaagacct
ggcctggagt
cgcteeggga
ctacaggtgce
gccgaggegyg
gatggcttge
agcggcacce
gtggtcettct
gccaattccyg
gcecgtgeagt
gacacgatcg
gacctcttec
gcggectata
ggcatcegeg
tcgetcatga
gtgcgcgagg
gaagccagcg
cagctgaacce
tcegtgcaga
ttccacagce
gecgeecccttg
cagcccegagg
atgtgctceccec
ttegacggcet
ccaggctgta
gacatggagc
gtggcagccg
agctttgcegg
gccaagtaca
gacctgggcg
atcgagggtg
atccacagct

aggcagatgt
gtggtggaga
aggcattagt
gagcagcage
ctcecttceacg
ggggcgcetgg
aaatcctcea
gaattgaaag
gcaggaacag
ggcctggatt
catcccaact
tttgaaccac
ttctetecte
gacttcttta
agatatggga
ggagtcatte

gggatggggt
ccttecgeta
aggagccggce
tctgececgge
tggcgeagtg
tcecggacagg
aggtgtccac
cgcagcettgg
tggagaacca
tgaacctgga
cctectgtgag
ccatggagcyg
ggggegcecat
tcagtggeac
tgaaccagcc
gggacaggga
acttggetge
gegegeeggt
tgcggcaact
agctggcatg
tgcgetecct
gcteggageg
tcggteccgg
acagcatcca
gcecctacceg
agctgcagge
cgcccaccta
aggctgaggce
acaacagggt
ccgtggacct
cceggtectt
gtggcaacgt
cggactacaa
accaccgcac
ccetggetga

tgcctetete
aactggaccc
gagattgaga
acaggegegg
aaaccgactc
tgctggeggyg
atgaagctac
ctgagaacat
aacaaaactt
ctgttgagct
acatctcaat
ctceteecagg
aaggaatgcc
aattggaacg
aagttttcag
tctactecga
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ggtacggeccce
catggcccaa
agtgctgaag
ccacaagagce
gctgatacag
ctaccaggcc
cagcaacatc
gccegtgggg
gaccccagag
cagggtgacc
ctgegggegt
tatctgtgag
cggeaccgtg
gctgecccacg
ccacatggtc
cagccagegyg
tgtcaacctg
gcgccagacyg
cacgcteegg
cceccacgecec
gctggtgaaa
gccectgtte
tctcagcatc
cagccetggcet
cgtggeegge
ccagcagagce
cgtactggcc
tgagacggag
gctggaggceg
gatcatcaag
ctactacagg
gatgctactg
ccteteccag
gctgcetggag
gccacgtgtg

tctegetegg
caggtctgga
gagactttac
gtcecegggag
ggctgtggece
tggettcttt
taacattact
caagaagttc
tcagcttgeca
agcacattat
aattaatgaa
atatgaaaat
agagggcgat
ggacatgaaa
aggaaataag
ccetgetgac



WO 03/012067
961 tactttgete
1021 cagcgtggaa
1081 gcaaatgaat
1141 gttcatccaa
1201 ccaccagata
1261 actggaaact
1321 agaatttaca
1381 ctgggaggte
1441 gttgttcatg
1501 agaacaattt
1561 tgggcagagg
1621 tcatctatag
1681 gtacacaacc
1741 tatgaaagtt
1801 aaattgggat
1861 agagcacggt
1921 agtgtctatg
1981 ctcactgtgg
2041 ccttttgatt
2101 atttctatga
2161 tctgcagtaa
2221 gacaaaagca
2281 gcatttattg
2341 ccaagcagcce
2401 gatattgaaa
2461 gttgcagcct
2521 tctttagaga
2581 atattgataa
2641 aaaaaaaaaa

SEQ ID NO:6
1 cctcactgac tataaaagaa tagagaagga agggcttcag tgaccggctg cctggctgac
61 ttacagcagt cagactctga caggatcatg gectatgatgg aggtccaggg gggacccage

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

ctggggtgaa
atatcctaaa
atgcttatag
ttggatacta
gcagctggag
tttctacaca
atgtgatagg
accgggactc
aaattgtgag
tgtttgcaag
agaattcaag
aaggaaacta
taacaaaaga
ggactaaaaa
ctggaaatga
atactaaaaa
aaacatatga
cccaggtteg
gtcgagatta
aacatccaca
agaattttac
acccaatagt
atccattagg
acaacaagta
gcaaagtgga
tcacagtgca
atccgtattg
attttaaaat
aaa
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gtcctatcca
tctgaatggt
gcgtggaatt
tgatgcacag
aggaagtctc
aaaagtcaag
tactctcaga
atgggtgttt
gagctttgga
ctgggatgca
actccttcaa
cactctgaga
gctgaaaage
aagtccttcc
ttttgaggtg
ttgggaaaca
gttggtggaa
aggagggatg
tgctgtagtt
ggaaatgaag
agaaattgcet
attaagaatg
gttaccagac
tgcaggggag
cccttecaag
ggcagctgca
aatttgtgtg
tggtatattt

gatggttgga
gcaggagacc
gcagaggctg
aagctcctag
aaagtgcect
atgcacatcc
ggagcagtgg
ggtggtattg
acactgaaaa
gaagaatttg
gagcgtggceg
gttgattgta
cctgatgaag
ccagagttca
ttcttccaac
aacaaattca
aagttttatg
gtgtttgagce
ttaagaaagt
acatacagtg
tccaagtteca
atgaatgatc
aggccttttt
tcattceceag
gcetggggag
gagactttga
gtatgtcact
gaaataaagt

atctteectgg
ctctecacacc
ttggtcttcce
aaaaaatggg
acaatgttgg
actctaccaa
aaccagacag
accctcagag
aggaagggtg
gtcttettgg
tggcttatat
caccgetgat
getttgaagg
gtggcatgcc
gacttggaat
gcggctatcce
atccaatgtt
tagccaattc
atgctgacaa
tatcatttga
gtgagagact
aactcatgtt
ataggcatgt
gaatttatga
aagtgaagag
gtgaagtagc
cagaaagaat
tgaatattat
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aggtggtgte
aggttaccca
aagtattcct
tggctcagca
acctggettt
tgaagtgaca
atatgtcatt
tggagcagct
gagacctaga
ttctactgag
taatgctgac
gtacagcttg
caaatctett
caggataagc
tgcttcaggce
actgtatcecac
taaatatcac
catagtgctc
aatctacagt
ttecacttttt
ccaggacttt
tctggaaaga
catctatgct
tgctetgttet
acagatttat
ctaagaggat
cgtaatgggt
atataaaaaa

ctgggacaga
gctgtaactt
agtggcattg
agtatgaaca
attttgagaa
ccectagtga
agaagcaaca
aactcctggg
ggtgaactgg
tttcaggagg
aaatacacaa
tctaaagatg
gaaaatgaca
gcecagttttt
tcaaagtgac
caaaacaaac
ccacaaccaa
aatgaaattg
tagaagactg
tactccttgt
agtagtagcce

cectgegtget
acgtgtactt
cttgtttett
gececectgetyg
cctetgagga
gagaaagagd
cattgtcttc
aatcatcaag

‘tcatccatga

aaataaaaga
gttatcctga
cagaatatgg
gaatttttgt
ttggggcctt
tattcagttt
aaacagaaaa
aaaattctac
ctgaaagatc
tcagcttcca
aaagactgta
teccaggttte

gatecgtgatc
taccaacgag
aaaagaagat
gcaagtcaag
aaccatttcet
tcctcagaga
tccaaactcce
gagtgggcat
aaaagggttt
aaacacaaag
ccctatattg
actctattcee
ttctgtaaca
tttagttgge
tcaggatgat

cagaaaacaa
aacacacact
tttcaggact
aacattaatg
gaagaaagag
cttaagggac

ttcacagtgce
ctgaagcaga
gacagttatt
tggcaactce
acagttcaag
gtagcagctc
aagaatgaaa
tecattectga
tactacatct
aacgacaaac
ttgatgaaaa
atctatcaag
aatgagcact
taactgacct
acactatgaa
aaaaacctcet
gttctgaaag
ctacctcata
caatggttaa
caacaatcca
aacatcctta

tcctgecagte
tgcaggacaa
gggaccccaa
gtcagctegt
aaaagcaaca
acataactgg
aggctctggg
gcaacttgca
attcccaaac
aaatggtcca
gtgctagaaa
ggggaatatt
tgatagacat
ggaaagaaaa
gatgtttcaa
atgcaatctg
tgactcactt
tcagtttget
catcttctgt
tetctcaagt
agtcaaaaga

tctetgtgtg
gtactccaaa
tgacgaagag
tagaaagatyg
aaatatttct
gaccagagga
ccgcaaaata
cttgaggaat
atactttega
atatatttac
tagttgttgg
tgagcttaag
ggaccatgaa
agcaataacc
aaaatctgac
agtagagcag
atcccaagag
agcagaaatc
ctttataatc
agtgtatcac
gagaagaggc
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1381
1441
1501
1561
1621
1681
1741

accactaaaa
gggaacccaa
tgaaacccca
gtcccagcta
cagtgtggtg
aaaaaaaaaa
acagtatgtc

gatcgecagtt
ggtgggtaga
tctctactga
cttgagaggc
agatcatgcce
aaaaaaaaac
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Figure 10 (cont.)

tgectggtge
tecacgagatc
aagtacaaaa
tgaggcaaga
actacactcecce
ttcagtaagt

agtggctcac
aagagatcaa
attagctggg
gaattgtttg
agectggcega
acgtgttatt

acctgtaatc
gaccatagtg
tgtgttggca
aacccgggag
cagagcgaga
tttttecaata
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ccaacatttt
accaacatag
catgcctgta
gcagaggttg
cttggttteca
aaattctatt

SEQ ID NO:7

1 ggtcacatga ctccagtcta getegecattg cggctcecege cegggcgagt tcetegeccce

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
%61

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641

gcgeggecgt
cecccgeccct
cgetgegtag
ggcctetetg
ctgtegetet
ggagcgggaa
gttaaatcca
ttaccaaact
caacagaaga
gataaaagag
acaaagactc
caggcagaat
attggaagtg
aaccgaaagc
tctacaagtce
tectgcetttaa
gaacctgcaa
actaaagcta
gagcgccetta
cttaaaaaaa
aagaaacaac
cagggacggc
atggatgatt
gaactaaatg
cagcctccag
gtttcccaga
tttagcaaaa
cttecatacac
gatcagagaa
gaatccaata
gagagtgaaa
cgaaagagat
atgacagatg
tctgagcatg
tggaatgaag
acagttaatt
gtgcctectt
caaggtgaag
tcattatcta
cagaagatca
gctatggtac
gatgatttct
gccaataaaa
gctaaactac

tgccgaggayg
cttcteccac
ctgaggtecga
ctgeggtete
gcctttgaca
aggagcagtt
gtatggccac
ggagtaatga
aagcaaatag
taaccaatga
cacatacgtt
tagagaaact
attcccaagg
ccttcaactt
ccccaaacag
gtaatgacct
tggagagcag
gttccatgeg
ctcatctaat
tecttgecag
atgatttatt
aggctgcact
ctgttgttgce
aagaattgaa
ctgttccaga
gcaggaaacc
tgagagtget
ttegagatea
gtacttcagc
gccectcacatce
acgaaggcca
tgaatgagct
ctgtgaatga
aaaattccga
taaatagtca
ctaattgtga
ctttagattg
atgatgagga
gtcacaggag
accgacttat
aggatgatga
acccagcaga
cacagaaaga
agcagcaaca

acggcgcatg
cacaatgaga
aaaggcggcec
cgagggccga
ggagaggctg
tectgagetge
aggaggaggt
gaatgttgat
atcatcagaa
tatttctceg
cccacacagt
gaaacagcgg
tagagcaaca
tttgcctatg
agaaacgatt
cttgcaaaac
ccagattgta
ggaagatctt
agatcacctt
agatcctecag
aaaaagaatg
tctagcectcetg
agaaactgca
tgacttaatt
caatagaaga
atcagcttca
acaggaaaag
gcatcttaac
tececctetget
atctgttcct
cctcaatcca
aagagaatta
aaacaggaaa
gcctgttact
tagtaatgca
aattaacaac
tcgatataat
ggaggaggaa
cagtctggtt
ggctgcaaaa
tgcagctcaa
agaagacacc
tactggagta
gagagagcta

tcececgececgeg
tcctaagatg
actggggeeg
ccgetgeegg
cttcttgtag
aaaaactagt
cectttgaag
gacaggctca
aagaataaga
gagtcgtceac
agatacatga
ataaacttca
gctgctaaca
cagattaata
ggatcagcac
tgtcaggtgt
agcaggcttg
gtagagaaaa
aaagaacaag
caggagceccta
ttacaacagc
caacataaayg
ggtagcttat
cagcgtttte
caggcagaaa
gaacgtttac
aaacaaaaaa
aattcatcat
tctgtaggcet
tatcctactg
tctgaaaaac
gttcattatt
gatgaagaaa
aacattcgaa
cagtgtgttt
agatctgetg
agagaagggy
gaagcagaag
gatgagcatc
cagaaactta
ggagttatct
aagcaaaatt
aatgaaaagg
aaacaattge

cgttgececce
gcggtggetyg
aggcagecag
cggegggteyg
aggaaacagc
ttctaaacag
atggcatgaa
acaatatgga
aaaagtttgg
caggagttgg
gtcagatgtce
gtgatttaga
acaaacgtca
ctaacaagag
agtgtaaaga
ctgaagaaga
ttcaaattcg
atgagagatc
agaagtcata
tggaagagat
aggagcaact
cagagcaagc
ctggcgtecag
ataatcagct
gtctttcatt
ctgatgagaa
tggacaaatt
cectetecaca
tggcaccggt
cttctctagt
tcecagaagtt
atgaacaaac
ctgaagagtc
atccacaagt
ctaataatag
ccaacataag
aacaggagat
aggagggagt
cagaagatgc
gacagttaca
ctgccagtge
caaataacac
caagagagaa
aggaagaaag

tctgcagtac
cggcggttgg
gaaacgtgtg
tgggggctga
tttgaagtgt
agagttaatt
tgatcaggat
ttggggtgce
tgtagaaagt
aaggcgaaga
tgtcccagag
tcagagaagce
gcttagtgaa
caaagatgca
gttgtttgct
tgggagggga
cgattatatt
tgctaatgtt
tatgaaattt
agaaaatttg
aagagctcta
tattgcagtg
tatcacatct
tegtgattet
aactagggag
agtcgaactt
gcttggagaa
aaggagtgtc
tgtcaatgga
atctcagaat
aaatgaagtt
gtcagacatg
agaatatgat
agcttccact
agatgggcga
ggctctaaac
tecatgttgca
cagtggagct
tgaatttgaa
agatcttgtt
atcaaatttyg
tagaggaaat
attttatgag
aaagaaactg



WO 03/012067

2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881

attgacattc
gctgctagtg
actgttaatc
atagtagata
cgacagagaa
gctgaaactg
actcctecage
gcactagatg
gaagaggagyg
racagtgtga
tgeceettttt
agcatgecaac
gaacaatggc
tgtcagactt
ggtccttaca
cagttgaacce
caaatgctaa
gaaagaggca
ccaacacagce
ccaggtatga
tctacaccca
atggcttttc
aaaaaactgc
ggtgaagtag
agtagtaacc
tcactggaaa
ttcaagacaa
tcaaaaagta
gaaagtgcca
cagactgaag
aaaataataa
atgtttgaag
gaatctegte
tacttgagac
agccatgaaa
tcagaactta
tttgaaagag
tctgtatcat
ttagatcaag
aactcaaata
actacagtta
gtaagtgaag
attaaagcaa
tectegeagce
gagagcaaag
ctggcaaaat
tctgaagtgt
agtataactg
tgtgccaaag
atgaagacaa
atgatggtcc
aaggatgtcc
gaagtggaga
atgtccagac

aggagaaaat
tgggtaactg
aacacgagac
atgagttgtg
gaaagcagct
catctccagt
aaagtagaac
aagaaggaga
aagaagagca
atcataactc
cggcagatga
ggcaagaaaa
aagaacaaat
tgatgcaaga
gtgttatgce
agtgctatac
atgaacttat
gtagtgcatc
ctgtaaatct
atttcagecece
gtgaacagca
caaaaccttt
ctgaagagga
agaaaccatt
gcaaaaatca
gctttagcag
gaaaagcgtc
agaagaggaa
gtatgtctag
agcctgttceca
aatgtaatag
ctttgcgaga
cacattttcet
agagggcttt
aaggagaaaa
ctectagtga
aaacccataa
caaattttga
cattagccag
tgagatgcat
ataatttaga
tttctaccat
ttatgaaaga
ttectaacttce
agtttgtaaa
ttgctggeag
tgttcaatga
ttaaacagag
agctaaaaqgg
agacaaggat
caaaaatgta
agtgtctatt
agatgaaaat
ttcecctecag

19/129

Figure 10 (cont.)

tcaagcattg
tcccaccaaa
cagtacaagc
gtcagaaatg
tgaagctectg
ggctgtgtca
agaaaaaacg
tgaagacggt
agatgccagt
ctacaatgga
aaattatcgt
cettegttgg
caatcagceta
ccagcagact
cagcaatgtt
tcagctaaca
gcgccagceaa
gcaccctect
cttcaatata
tttatttect
gcaaccctta
tgaaagcagt
ggtggaaagc
tatcaagact
attagataca
tatgcctgat
tgcacaggcc
ttctactcag
cacatgtgaa
agcaaaagta
gtctacagaa
tactatttat
tattgaactc
atatgcattg
tgtaaagtca
gagcettget
aataagtgag
gccttttgea
aatgagagaa
ctgcaggatt
agaaactccc
cccatgtect
agtcattcct
agtaaggcgce
gttectttecat
aaaactgaaa
attggcttte
atgcaaaagyg
attcttgaag
gaaactgaaa
agatctgata
aatttgtcta
gaggatgaag
gctaacactg

caaacggcat
aaatatatgc
aaatctgttt
agaagacatg
atggctgaac
ttgagaagtg
atggcaactt
tacctttetg
tccaatgata
aaggaaacta
cctttagcca
gtgtcagagc
aagaaacagc
ctatcttgtc
gcatcteccte
tggcaacaga
aatcagcatc
tcteccagtt
cctggattta
tctaattttg
gcccagaatt
tcctcectattg
agtaggacac
ggattttcag
aacggaagaa
ccagtagatc
agcctggceat
ctgaaaagca
ccttgcaaaa
ttcagcagaa
atatcttcag
tctgaagtag
ttcecatgage
caggacatag
gtaaactctg
actactgatg
caaaatgatg
acagatgatc
tatgagcgta
attgaggatg
gttattgaaa
agaattgata
tttttgaagg
atggttttga
aaacaacttg
gactgtggag
tttaagctta
aaaatagaag
atcatggctce
cagttaagca
tttctgatca
aagctgaaac
aaatggaaga
aagctactga

PCT/US02/24567

gccctgactt
cagctgttac
ttgagcctga
aaatgttgag
atcagaggag
atggatctga
ggggagggtc
aaggaattgt
acttttetgt
aaaataggtg
agacaaggca
tctettacgt
ttgattttag
tgctacaaac
aagtacactt
ataatgtteca
cagaaaaacc
tattttgtcc
ctaacttttc
gagatttttc
cttcaggaaa
gagcagagaa
catggttata
tgtctgtaga
gacgccagtt
caacaacagt
ctaaagataa
gagttaaaaa
gtaggaacag
agaatcatga
aaactgggag
ctacattaat
tgcagctact
tatccagaca
gtacttggat
atgaaacttt
ctgataatgce
taggtaacac
tgaagactga
gagatggtgc
atcgtagtte
ctcagecagcet
agcacatgga
cccettacccea
gaagtatatt
aagatcttet
tgcaagattt
caactggagt
acctgectgga
gactcaaaca
agaggaagat
tcaggcttta
atttgaagaa
agaaaatgaa

acagctgtca
ttcaaccececa
agattcttca
ggaggagctg
gcaaggtcta
gaacctatgt
tacccagtgt
tcggacagat
gtgteccttcet
gaagaacaat
acagaatatc
agaagagaaa
tgtcagtatt
tcttetcacg
cataatgcac
gaggttgaaa
tggaggcaag
tttcagettt
atcatttgca
tcagaatate
aacagaatat
accaaggaat
tgaacaagaa
aaaatctaca
tgatgaagaa
gactaaaaca
aactcccaag
catcaggtat
acattcagecce
gcaactggaa
tgatttttce
ttctcaaaat
aaacacagac
tatttctgag
agcatcaaac
tgagaagaac
tagtgtecctg
cgtgattecac
ggctgaaagt
tggtgcaggt
acaacaacct
ggaccggcaa
tgaagtatgc
gcaaaatgat
acaggattea
tgtagagata
ggataataat
gatacaatct
gagattgatg
tectgaggtgt
gaagaaagtg
actaattatg
ggccetgtgg
catgatgaac
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SEQ

5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541

ID NO:

aggtcctaca
aagccactag
tggaagatga
caactcaaca
gagtcaaaga
atactgaatc
agtctgatga
cagaggcaga
aaatatgtga

aaacggtggg
catactcaat

8

acgtgacttt
taaaaatgac
gcaaccttta
gcctaaccct
agttaaatct
tccagtgtta
agaagatttt
tctaagaaag
aatgcagacce
agcccagagt
gcatatatga

20/129

Figure 10 (cont.)

aaaaagacag
caaaataact
aatagtgctg
ttgcegttac
gctcaggaaa
gtgaatgact
gtaaaagttg
aaaatggtag
gaagaattag
atatgagatg
aaacaatact

cagaaagcaa
gtcctgtgaa
cccataagga
gtttacctga
ctcctgaaag
atgaagcaga
aagatttacc
aagaagaaca
ctggaaatte
tcttcagagg
aaataaacat

PCT/US02/24567

aaatgtecca
accctgttac
gtcacctcct
aatggaaccc
ctctectgget
atctggtaat
actgaaactg
gaaaaaccat
tgagacacta
ctcatctaac
ctgatctgta

ttggaacgag
ctcaatatcet
actgttgatt
ttagtgccta
ggaagtcctg
ataagtcaaa
acaatatatt
ttatctggtg
aaagaacctg
tctgtectta
taaaaat

1 ctccaaaggc aaaaatctcc agcecctacag agactgageg gtgcatcgag tccctgattg

61
121
181
241
301
361
421

SEQ ID NO:

ctgtcttcca
tcgtaagett
teccttgaceg
aatttcttaa
tccecttecca
ccttecagee
ctecatgcagg

9

gaagtatgct
catgaataca
catgatgaag
tctgattggt
gaagcggacc
tttectgteat
ccccacctge

ggaaaggatg
gaactagctg
aaactggaca
ggcctagecta
tgaggacccce
catctccaca
caatagtaat

gttataacta
ccttcacaaa
ccaacagtga
tggcttgeca
ttggcectgg
gceccaccececat
aaagcaatgt

cactctctcc
gaaccagaag
tggtcagcta
tgactcctte
ccttcaaacc
cccetgagea
cactttttta

aagacagagt
gaccctggtg
gatttetecag
ctcaaggcetg
cacccccttt
cactaaccac
aaacatgaa

1 gccgettect gectggatte cacagetteg cgccgtgtac tgtcgeccca tceccoctgegeg
61 cccagcctge caagcagcegt geccceggttg caggegtcat gcagegggeg cgacccacgce

121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

tctgggccge
gcgcgagctc
tggceccagtg
gctgectgect
gtggctcegg
tggacggccyg
tgccagegee
gtgtggagag
tccattcaaa
ttgactacga
cagaatatgg
atgtgctgag
aaaagcagtg
atgggcagcc
tgcagagcaa
cacaaaagac
ttgtggtgaa
gtttctttga
ttgaattttc
tcatgegceece
acttaggcgg
cgcacaggct
gcatgctcct
ctcaaccaag
aaaataaggt
ctgggaacct
tggcccagtc
gagacaggga
gatgactgca

tgcgetgact
ggcgggcttg
cgcgecteeg
gacgtgecgca
cecttegetge
cgggctctge
gcecageteca
ccegteegte
gataatcatc
gtctcagagce
tcectgeegt
tcccaggggt
tegeccttece
tctceccagge
gtagacgcct
tgeccaaggac
ctgatttttt
atggtaaact
ttgtcgecttce
gtggaatgcet
ctgtgttgece
ttatcgagaa
ggagctcaca
aagaatgttt
ggagtcctac
ataaaggcag
gaaggcccag
gagtcagcct
gaaaatagtg

ctgetggtge
ggtccegtgg
ccecgeegtgt
ctgagegagg
cagececgtege
gtcaacgcta
ggaaatgcta
tccagceacge
atcaagaaag
acagataccc
agagaaatgg
gtacacattc
aaaggcagga
tacaccacca
gccgcaaggt
atgaccagca
ttaaaccaaa
tgagcatctt
ctatcaaaat
caccacatgt
tatgtagaga
taggaaaacc
gccttectgtg
atgtcttcaa
ttgtttaaaa
gtatttcggg
gatggctttt
ccacattcag
ttttgtagtt

tgcteegegyg
tgcgctgcecga
gcgcecggagcet
gccageegtg
ccgacgaggce
gtgccgtcag
gtgagtcgga
acecgggtgtce
ggcatgctaa
agaacttctc
aagacacact
ccaactgtga
agcggggett
aggggaagga
taatgtggag
getggetaca
gtttagaaag
ttcactttcc
attcagagac
tggtcgaage
acacgcttea
tttaaacccc
gtgtcattte
gtgacctgta
aatatgtatc
ccctectett
gctgeggecce
aggcatcaca
caacaactca

gccgeeggtyg
gccgtgegac
ggtgcgcgag
cggcatctac
gcgaccgctyg
cegectgege
ggaagaccgc
tgatccecaag
agacagccag
ctecgagtee
gaatcacctg
caagaaggga
ctgetggtgt
ggacgtgcac
ctcaaatatg
gcctegattt
aggtttttga
agtagtcagc
tcgagcacag
ggccgaccac
cceccactee
ggtcatccgg
tgaaacaagg
ctgettgggyg
taagaatgtt
caggaatctt
cgtggggtag
agtaatggca
agacgaagct

gcgegggetg
gcgegtgeac
ccgggetgeg
accgagegct
caggcgetge
gcctacctge
agcgccggea
ttcecaccece
cgctacaaag
aagcgggaga
aagttcctca
ttttataaga
gtggataagt
tgctacagca
ccttattttg
atatttetgt
aatgcctatg
aaagagcagt
cacccagact
tgactttgtg
ccgtacagtg
acatcccaac
gcgtggatcc
actattggag
ctagggcact
cctgaagaca
gagggacaga
caattctteg
tatttctgag
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1861
1921
1981
2041
2101
2161
2221
2281
2341
2401

gataagctct
aatgtaaaaa
tccaggacac
atgecttttet
tacaacatag
gatgctattt
gctgectctee
gecectgetge
ggtctcaaga
aaaagtattt

ttaaaggcaa
agaatagtaa
tgggagcaca
ttataattca
ccccaaatat
gatacaactg
cggaggccaa
agacctcggt
cattctgcect
ttgagaagtt

21/129

Figure 10 (cont.)

agctttattt
tatcagaaca
tagagattca
cacatatatg
agtaagatct
tggccatgac
acccaagaag
gtggacacac
acctattage
tgtecttgecaa

tcatetctea
ggaaggagga
cccatgtttg
cagagaagat
atactagata
tgaggaaagg
gtctggcaaa
gctgcataga
ttttetttat
tgtatttata

tcttttgtee
atggcttget
ttgaacttag
atgttecttgt
atcctagatg
agctcacgec
gtcaggctca
gctctecttg
ttttttaact
aatagtaaat

PCT/US02/24567

tccttagecac
ggggagcccea
agtcattctc
taacattgta
aaatgttaga
cagagactgg
gggagactct
aaaacagagyg

ttttgggggg
aaagttttta

2461

SEQ ID NO

ccatt

:10

1 atgcecgeget cctteetggt caagaagcat ttcaacgcct ccaaaaagcee aaactacage

61
121
181
241
301
361
421
481
541
601
661
721
781

SEQ ID NO

gaactggaca
gtcataccac
accgetgete
tcatctttgg
ggctcagaaa
catgcecattg
tetgggetygg
tgtaaatact
cacacattac
caaggacaca
gcatttgeag
taccagtgca
gaatctggct

111

cacatacagt
aaccagagat
cattccacgce
ggcgagtgag
gccccattag
aagctgaaaa
ccaaacataa
gtgacaagga
cttgtgtttg
ttagaactca
acaggtcaaa
aaaactgctce
gctgtgtagce

gattatttce
cctcagetea
ccagetacee
tccecctecet
tgatgaagag
gtttcagtgce
gcagctgcac
atatgtgagc
caagatctge
cacgggggag
tctgaggget
caaaaccttce
acactga

ccgtatctcet
ggagcataca
aatggecctcet
ccatctgaca
gaaagactac
aatttatgca
tgcgatgcec
ctgggegece
ggcaaggcgt
aageccttttt
catctgcaga
tccagaatgt

atgagagtta
gccccatcac
ctcectecttte
cctectecaa
agtccaagcet
ataagaccta
agtctagaaa
tgaagatgca
tttcecagacce
cttgccctcea
cccattectga
ctectectgea

ctccatgcct
tgtgtggact
cggatactce
ggaccacagt
ttcagacccc
ttcaactttt
atctttcage
tattecggacc
ctggttgctt
ctgcaacaga
tgtaaagaaa
caaacatgag

1 cteggaagce cgtcaccatg tcgtgegagt cgtcectatggt tctegggtac tgggatatte

61
121
181
241
301
361
421
481
541
601
661
721
781
841
801
961

1021
1081
1141
1201
1261

SEQ ID NO:

gtgggctgge
aacggtacac
tcaagctaga
cccagagcaa
aagaagaaaa
tgataaggct
tacctggaca
aaaagctcac
accccaagtyg
tggagaaaat
agatggccca
ttttgttteca
cacttatgtt
ggatatgtgg
actccccaac
aaaaaacgag
aagactgggt
gaaaccgtce
ggctagccaa
ttgacactat
attgat

12

gcacgccatce
gtgcggggaa
cctggacttt
tgcecatcttyg
gattcgagtg
ctgttacagce
actgaaacaa
ctttgtggat
cctggatgag
cgctgcctac
gtggggcaac
tcctgtcegt
actggtgtcce
agaatcatca
tgagttcaag
attgcacagt
gaggataaca
tgtgtacaca
tagagttggc
tcactaaaat

cgecctgetcece
gctectgact
cctaatetge
cgctacateg
gacatcatag
tctgaccacg
ttctecatgt
tttectcacct
ttceccaaacce
ttacagtctg
aagcctgtat
aaggggtcag
agctgagttt
agatatgaat
ggctgtaggt
tggagagagc
caagtaaaac
tgggagttta
aattgcttat
taatctggaa

tggagttcac
atgatcgaag
cctacctect
ctegecaagca
agaaccaagt
aaaaactgaa
ttctgtggaa
atgatatctt
tgaaggcttt
atcagttctg
gctgagcagg
cgetettget
ctettgggta
tgaatcgctg
tcatgcccaa
aggtgtgtta
tgtggtactg
gtgtgataaa
tgaaactcat
tttaaggcecce

ggatacctct
ccaatggctg
ggatgggaag
caacatgtgt
aatggatttc
gcctcagtac
attctcatgg
ggatcagaac
catgtgeccgt
caagatgccc
aggcagactt
ttgctetttt
taaaggctaa
cgatactgtg
gccctgagag
aatggactgg
atggacttaa
ggcagtattt
taaaaataat
aacattaaac

tatgaggaga
gatgtgaaat
aacaagatca
ggtgagactg
cgcacacaac
ttggaagagc
tttgcegggg
cgtatatttg
tttgaggcett
atcaacaaca
gcagagettg
caatgaatag
aagggaaaaa
gcatttcect
tgggtactag
agtcecctgtg
ceggagtteg
cagactggtg
agagcccceac
acaaagctgt

1 gccacgtget geotgggtcecte agtcctccac ttccegtgte ctetggaagt tgtecaggage
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261

SEQ ID NO:

aatgttgcgce
acacacaggg
gctggaaggg
tgtcageece
agaagaagag
ggaggactct
cattgagctc
aattttaacc
tgacaaaact
tgagaaattt
agatgctgge
cactaggagt
ttecceccecte
gtttetggga
catagagagc
aaataatgag
gcacatggat
agtcaaggaa
cttettggtt
agatggtcectyg
taaatggaat

13

ttgtacgtgt
gctgccagaa
gagcctgtag
cgcatcaacc
acacggatgt
ggcacctacg
agagtttttg
ttgtcaacct
gacgtgaaga
ctaagtgtga
tattaccgct
attgagctac
aagaccatat
accggcacac
gectacecegg
aactécattg
tttaaatgtg
gcctccteea
ttggggggaa
actgtgcetat
gaaataattc
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Figure 10 (cont.)

tggtaatggg
gctgceceggtt
ccetgaggtg
tgacatggca
gggcccagga
tctgcactac
agaatacaga
ctggggtatt
ttcaatggta
gggggaccac
gtgtectgac
gcatcaagaa
cagcttctet
ccttaaccac
gaggeegegt
aagtgccatt
ttgtccataa
cgttctectg
tatggatgca
ggcetcatcea
aaacacaaaa

agtttctgece
tegtgggagg
cccecaggtyg
taaaaatgac
cggtgetetyg
tagaaatgct
tgetttectg
agtatgccct
caaggattct
tcacttactc
atttgcccat
aaaaaaagaa
ggggtcaaga
catgctgtgg
gaccgagggg
gatttttgat
taccctgagt
gggcattgtyg
cagacggtgc
tcaagacttt
aaaaaaaaaa
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ttcaccctte
cattacaagc
ccctactggt
tctgectagga
tggettetge
tcttactgtg
ccgttecatct
gacctgagtg
cttcttttgg
gtacacgatg
gaaggccagce
gagaccattc
ctgacaatcc
tggacggcca
ccacgccagyg
cctgteacaa
tttcagacac
ctggceccac
aaacacagaa
caatcctatc
aaaaaaaa

agcectgeggce
gggagttcag
tgtgggcctc
cggtecccagg
cagecttgca
acaaaatgtc
catacccgca
aattcacccg
ataaagacaa
tggccctgga
aatacaacat
ctgtgatcat
cgtgtaaggt
atgacaccca
aatattcaga
gagaggattt
tacgcaccac
tttcactgge
ctggaaaagc
ccaagtgaaa

1 gecgetgeceg cctegtecce accecccaac cceccoccgegee cgeectegga cagteoectge
61 tcgccegege getgcagecece catcteoctag cggcagccca ggegeggagg gagegagtec
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gccccgaggt
gaagaggatg
cagcgtecage
cacggagtgt
ccggcegetge
ggtcatggag
cagccagatg
tgagctggag
ctccaactcc
ggtectgagce
cagegtcececg
cccecectte
taaactgcag
catcectgeag
gctggtette

tggcatcatg

gtacaggaca
catcateccece
ctattteect

gctggaggag

ccgaggcectt
tcacatcecgg
ggatgggacg
ttecttetee
gctgcaaaaa
gtgtgtgtge
tgacattcag
cecagtgeggyg
tgacaadttc

aggtccagga
gcagggccac
ctetetggga
gtcegtgtgg
aacacccagyg
agcagcttcce
tcecececcaag
gtgtttgagce
atgtccgatg
cagctcacca
cagacggaca
tccttcaaga
ggagagcgga
acagctgtgt
tccaccgagt
agccgcaacg
caggactacc
atctttgetg
gtctecctcac
geccttcaate
cggacagagg
cggggggaag
cacgtgtgec
gacggcectea
gaggtgcggt
agcgagggcet
cectgectge
cactgtgtgt
cagtgtcccce

cgggcgcaca
gccececageece
cettggcaaa
ataaggactg
cggagctgct
aaatcacaga
gcectgegggt
cactggagag
atctggacaa
gcgactacac
tgaggcctga
acgtcatcag
tctcaggcaa
gcacgaggga
cagcctteca
atgaacggtg
cgtecggtgec
tcaccaacta
tgggggtget
ggatccgetce
tcacctccaa
tgggtatata
agctgecegga
agatggacgce
cagctcgetg
ggagtggccea
gggagggcga
gctacggega
gecacttecegg

gcagcagccyg
atgggccagg
ccgetgeaag
cgcectactge
ggcegegggce
ggagacccag
cegtetgegg
ccecgtggac
cctcaagaag
tattggattt
gaagctgaag
cctgacagaa
cctggatgcet
cattggctgg
ctatgaggcet
ccacctggac
caccctggtg
ctectatagce
gcaggaggac
caacctggac
gatgttccag
ccaggtgcag
ggaccagaag
gggcatcatc
cagcttcaac
gacctgcaac
ggacaagccg
aggcegcetac
gttcctgtge

aggctggecg
ctgcteetgg
aaggccccag
acagacgaga
tgccageggy
attgacacca
cceggtgagg
ctgtacatcc
atggggcaga
ggcaadgtttg
gagccctgge
gatgtggatg
cctgagggcg
cgcececggaca
gatggcgcca
accacgggca
cgectgeteg
tactacgaga
tcgteccaaca
atcecgggecc
aagacgagga
ctgcgggccce
ggcaacatcc
tgtgatgtgt
ggagactteg
tgctccaccg
tgctcceggec
gagggtcagt
aatgaccgag

ggagagggag
cagccttgat
tgaagagctg
tgttcaggga
agagcatcgt
ccctgeggeg
agcggeattt
tcatggactt
acctggctcg
tggacaaagt
ccaacagtga
agttccggaa
gcttcgatge
gcacccacct
acgtgctgge
cctacacceca
ccaagcacaa
agcttcacac
tcgtggaget
tagacagccc
ctgggtectt
ttgagcacgt
atctgaaacc
gcacctgega
tgtgcggaca
gctctetgag
gtggggagtg
tetgegagta
gacgctgcete
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catgggccag
caatgccacc
tggcegetge
ctcggegatc
gggcaccggce
ggacgagcett
cgactgeacc
cctggtgceac
cctectecte
ctgcaaggcee
ggaagaccac
gctgcgcage
gcagcggect
cgggcetgtcee
ggagtgegee
ctcecggtgta
gcaagaccac
gctgaagett
cggctactac
cgtggagctg
gcagctgcetg
ggtaaacatc
gttcteggte
cggcgggaag
ctacatccce
ggtgaagctce
tttccacgte
caccatcatc
atcacagcca
tgggtecagg
ggtaaagtac
gccectcagtg
ctacggggcet
agtgcecceage
gagctggget
cctggtcaac
taagaaccgg
gaaggcgcgce
ccagcccaag
gagcggggag
gggcagccag
gctgggggag
gcgectgteg
gacggecggceg
cggagagcac
gcacaggatg
ccaccgegtg
agaacactca
ccacgactcet
cctggggecoce
gggctacagt
caaccctgce
ccgegtgegyg
tgaatcccag

tgtgtgtgtg
tgcatcgaca
cactgccacc
cacccgggec
gagaagaagg
aagagagccg
tacagctaca
aagaagaagg
ctgeegcetee
tgeectggcac
tacatgctge
gggaacctca
ggctttgeea
ttgegeetgg
cagctgegece
cacaagctcc
accattgtgg
acagagaagc
accctcactg
gtggacgtac
gtggaggcca
accatcatca
agccgegggg
tcccaggtet
gtggagggtg
ctggagcetge
cagctcagca
atcagggacc
cccecteacg
aagatccatt
tggattcagg
gagctcacca
cagggcgagg
gagccagggce
gagceggetg
gatgacaacc
atgctgctta
aacggggceceg
aggcccatgt
gactacgaca
aggcccageg
gagctggacc
gccagcagcg
cgggcgggaa
ctggtgaatg
accacgacca
ctaagcacat
cactcgacca
cgcctgactg
acatctctea
gtggagtacc
cagacctcgg
gcccagagcec
gtgcaccege
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Figure 10 (cont.)

agcctggttg
gcaatggggg
agcagtcget
tctgcgagga
ggcgcacgtg
aggaggtggt
ccatggaagyg
actgccctece
tggeecctget
ttcteeegtyg
gggagaacct
agggccgtga
ctcatgecege
cecegectttg
aggaggtgga
agcagaccaa
acacagtget
aggtggaaca
cagaccagga
gggtgcccect
tegacgtgece
aggagcaagc
accaggtggce
cctaccgceac
agctgectgtt
aagaagttga
accctaagtt
cagatgaact
gcgacctggg
tecaactgget
gcgactccga
acctgtacce
gaccctacag
gtectggectt
agaccaacgg
gacctattgg
ttgagaacct
gctgggggece
ccatccccat
gcttccecttat
tetccgatga
tgeggegegt
ggegetcecte
gggcggcage
gccggatgga
gtgctgetge
cctececacccet
cactgcccag
ctggtgtgcce
gagtgagctg
agctgetgaa
tggtggtgga
aggaaggctg
agagcccact

gacaggccca
catctgtaat
ctacacggac
cctacgetec
tgaggaatgce
ggtgcgetge
tgacggcgece
gggctcectte
actgctgceta
ctgcaaccga
gatggcctct
cgtggtecge
cagcatcaac
caccgagaac
ggagaacctg
gttceggecag
gatggcgeece
gagggecttce
cgcceggggce
ctttatcecgg
cgecaggecact
cagagacgtg
ccgcatccet
acaggatggc
ccagectggg
ctecectectg
tggggcccecac
ggaccggagce
cgececccgeag
gcecccecttet
atccgaagcece
gtattgcgac
cteectggtg
caatgtcgtce
tgagatcaca
gccecatgaag
tcgggagtece
tgagcgggag
catccctgac
gtacagcgat
cactggetge
cacgtggegg
cgacgccgag
cgtgceceege
ctttgeette
ctatggeacce
cacacgggac
ggactactcc
cgacacgcec
gcaggagcceg
cggcggtgag
agacctcctg
gggccgagag
gtgtceectg

agcetgtgact
ggacgtggec
accatctgeg
tgcgtgeagt
aacttcaagg
teccttecggg
cctgggecca
tggtggetea
tgctggaagt
ggtcacatgg
gaccacttgg
tggaaggtca
cccacagagce
ctgctgaage
aacgaggtct
cagcccaatg
cgcteggeca
cacgaccteca
atggtggagt
cctgaggatg
gcecacceteg
gtgteetttg
gtcatcecgge
accgcgcagg
gaggcectgga
c¢ggggecgece
ctgggccagce
ttcacgagtce
aaccccaatg
ggcaagccaa
cacctgctecg
tatgagatga
tecetgeecgea
tecctecacgg
gcctacgagg
aaagtgctgg
cagcccectacce
gccatecatceca
atccctatecg
gacgttctac
ggctggaagt
ctgcceceegg
gcccccacgg
agtgcgacac
ccgggcagea
cacctgagece
tacaactcac
accctcacct
accegectgg
cggtgegage
ctgcatecggce
cccaaccact
cgtgagggtg
ccaggctecg
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gtcecctcag
actgtgagtg
agatcaacta
gccaggegtg
tcaagatggt
acgaggatga
acagcactgt
tceececetget
actgtgecetg
tgggctttaa
acacgcccat
ccaacaacat
tggtgcccta
ctgacacteg
acaggcagat
ccgggaaaaa
agecggecct
aggtggeccce
tccaggaggg
acgacgagaa
geegecgecet
agcagcctga
gtgtecctgga
gcaaccggga
aagagctgca
aggtccgecg
cccactccac
agatgttgtce
ctaaggecge
tggggtacag
acagcaaggt
aggtgtgegce
cccaccagga
tgacccaget
tctgctatgg
ttgacaaccc
gctacacggt
acctggccac
tggacgccca
gctctecate
tegagccect
agctcatcece
cceccececggac
cecgggeccece
ccaactcect
cacacgtgcece
tgacccgcectce
cecgtcetecte
tgttctetge
ggcegctgea
tcaacatccc
cctacgtgtt
tcatcaccat
cctteacttt
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5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941

SEQ

gagcactccce
gctgagetgg
tgagatggce
gagccggetg
caggaccact
tggaggaccc
cgagtacagce
gctgaccctg
ggagtttgtg
gttcttccaa
cgactcectct
acccgeatge
gtcctetgtg
cctttgttet
aaaaaaaaaa

ID NO:14

agtgcceccag
gagcggcecac
caaggaggag
accgtgecgg
gagggcttcg
ttccegecage
agcatcacca
ggggcceage
agccggacac
acttgaccgc
cceggagect
acagagcagg
ggcccaaacc
gcacttaata
aaaaaaaaaa
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Figure 10 (cont.)

gceccgetggt
ggaggcccaa
ggccagecac
gcctcagega
ggccagagceyg
tgggcagccg
ccacccacac
acctggaggce
tgaccaccag
accctgecece
cctcagetac
ggetaggtgt
tatttgtaac
aatggttttg
aaaaaaaaaa

gttcactgce
tggggatatc
cgeatteegg
gaacgtgcce
cgagggcatc
tgcecgggcetce
cagecgccace
aggcggcetece
cggaaccctt
accecccgcca
tccatcettg
ctectgggag
caaagagctg
ctactgctaa
aaaaaaaaaa

ctgagcccag
gteggctacce
gtggatggag
tacaagttca
atcaccatag
ttecagcacc
gagcccttec
ctecaccegge
agcacccaca
tgtccecacta
cacccectggg
gcatgaaggyg
ggagcagcac
aaaaaaaaaa
aaaaaaaaaa
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actcgetgea
tggtgacctg
acagccecga
aggtgcaggc
agtcccagga
cgctgcaaag
tagtggatgg
atgtgaccca
tggaccaaca
ggcgtectece
ggccceagecec
ggcaaggtece
aaggacccag
aaaaaaaaaa
aaaa

1 ccgceggget ggcecatggag ctgctgtgcece acgaggtgga cccggteocge agggccgtge
61 gggaccgcaa cctgctceccga gacgaccegeg tccectgcagaa cctgctcacc atcgaggage
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SEQ

gctaccttcee
gcagaatggt
tctteectet
cccatctgea
gccegetgac
tgctggagtg
ctcatgactt
tgatccgcaa
tgtacccacce
aggatgagga
ccaacacaga
atagcctgeca
accaagccag
gaaagagaga
gtgttttagg

cttttagaag
tatttgaagt
taaaagtaat
ctgcaatatg
caccececttg
caaagcaatg
aaacaatctce
cctgttacta
gtagctgcta
tgggtttcat
accatattge
cggaggcaga
aaaagggtaa
ggcatgtctg
aaaattgttc

ID NO:15

gcagtgcectec
ggccacctgg
ggccatgaat
actcctgggt
cgcggagaag
ggaactggtg
cattgagcac
gcatgctcag
gtcgatgatc
agtgagctecg
cgtggattgt
gcagtacecgt
cacccctaca
gacgcgtecca
gtgaaactta

tgagagaaaa
acagcataag
agtaaaatgc
ggaacaaatt
tagtataatt
aactcaagaa
tcaacatgat
agtcaggagt
cctaaaaaaa
gttctgtgac
tatctaatgg
tggagaccaa
tgtggccttg
gttcacagtt
ccgagegata

tacttcaagt
atgctggagg
tacctggacce
getgtetgea
ctgtgcattt
gtgctgggga
atcttgcgea
accttcattg
gcaactggaa
ctcacttgtg
ctcaaagctt
caggaccaac
gacgtgeggg
taatctggtce
aaaaaaaaat
aggtecctacg
ggaatccett
ttacaggaaa
agaggagact
tcaaggaact
ggaattgaaa
tgaaccattt
gtagttggat
gatgttttat
atecctgette
ggaaatgtag
gggtgggatc
gcatttcttc
tagcattgtt
gatgggatgg

gegtgcagaa
tectgtgagga
gtttecttgge
tgttectgge
acaccgacaa
agttgaagtg
agctgceccceca
ctctgtgtge
gtgtgggagc
atgcectgac
gccaggagca
gtgacggatc
atatcgacct
tettettett
tectgecccceca
aaaacggaat
gtatatgcga
acctgcagag
ttttkttttce
gtgtacgcca
taaggaggga
gggatggaga
ctctacatta
tttgccagtt
ttettecaaa
ctatgggcca
cagaatggag
ttagaaaaaa
ataaaccatt
tttatgca

ggacatccaa
acagaagtgc
tggggtcccg
ctcecaaactce
ctccatcaag
gaacctggca
gcagegggay
caccgacttt
agccatctgt
tgagctgcetg
gattgaggcg
caagtcggag
gtgaggatge
tctggttgtt
cctagatcat

aataaaaagc
acagttattg
tagttagaga
atgttatgag
tttatggcat
catgatgggg
agcacctttg
atgtcctctt
ggacacaggt
tgcagttecat
taaccaaaac
tcttttetgt
actaattttt
ccattecgaaa

ccctacatge
gaagaagagg
actccgaagt
aaagagacca
cctecaggage
gectgteacte
aagctgtctce
aagtttgcca
gggctecage
gctaagatca
gtgctectea
gatgaactgg
cagttgggce
tttgttettt
atttaaagat
atttggtgece
tttgattatg
atatgtatge
ctagcacata
gattagattg
aaggagtaca
ctcteageca
gctgtctaca
gattggctce
tgcagacacc
tcacatgaaa
tattgtakttt
ggtgctgatt
agcactttga

1 gagacattce ggtgggggac tectggccage ccgagcaacg tggatcctga gagcactee
61 aggtaggcat ttgecccecggt gggacgectt gecagagecag tgtgtggcag gecccegtgg
121 aggatcaaca cagtggctga acactgggaa ggaactggta cttggagtct ggacatctga
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aacttggcte
cagcegectce
tegeggatcet
accgcagaga
ctggegeggt
ccacgcacca
tacatcaaca
cttctgagaa
agcttggete
ctgetggeag
aaagcctecg
gctgttgett
attgttttga
ataattacga
aagacagctt
ttctgcttge
agaaagaaaa
gccaaaaccyg
agcaggattc
agctttetgt
aacccaattg
tgctgetggt
aagttcaaag
tcttgaaaga
aacaaaatga
taaaatatta
ttacggcatg
tttttacagt
taggcttaaa
aatcaatggg
aagcttaaat
tatcacacta
tttteggaca
ttttgaaaat
caacatgtca
tataatactt
caaagagaaa
catacccetgt
tcactategt
ctgcatgtag
gccagtgacce
gcaggtagcea
gctatagtta
taaagcttat
acatggtget
agctttgtge
gggatgagat
gggttggagg
cgtcacatca
gagtgacttt
atttttactt
ttgttttetg
gaaagaaaga
acaaacttgt

tgaaactgcg
caagtctgtg
ggggagagga
taatgacgcc
cgttggcacce
tectcececteo
cggttgtgte
ttatctacaa
tgggagacct
aggactggcc
tgggaatcac
cttggagtag
tttgggtggt
tggactacaa
tcatgcagtt
cattggccat
gtggcatgca
tecttttgect
tgaagctcac
tggtattgga
ctectgtattt
gccagteatt
ctaatgatca
agaactattc
aacatttgcc
agtgtaatta
gaaagaaaat
tagcacttca
aatgagctca
actctgatat
tactcaattt
ttatcagatt
ctggaaacat
cattacactt
caaacaagca
ttaaaaagaa
tagaatgttt
gaagacaata
agcttaaact
atgattaaat
tcataataaa
ccctetetea
aaatactatt
tactaatttt
tttettteat
gttecetgect
gtgtgtgaaa
aaacccatgg
atgcaaaagg
cgaaataaat
tgtttttett
tcaatattga
gcaataataa
tctttaattt

Figure

cagcggccac
cggacgcgec
gagaggctte
acccactaag
tgcggaggtyg
ccecgtgecaa
ctgecttgtyg
gaacaagtgc
gctgecacate
atttggagct
tgtgctgagt
aattaaagga
ctectgtggtt
aggaagttat
ttacaagaca
cactgcattt
gattgettta
ggtecttgte
tctttataat
ctatattggt
ggtgagcaaa
tgaagaaaaa
cggatatgac
actgtatttce
aaaacaaaac
ttttaacact
cagtgggaat
acatagctct
ctcagaattt
aaaggaagaa
aaaattttaa
gtaattagat
ttaaatgatc
tcactagaag
gcatgtaaca
aattattaca
gaaaggctat
ctatctacaa
ctgtttggtt
gagggcaggc
gactgtgaac
cccatgetgt
tttcaaaatc
tgtattattt
ctagaggcaa
aatttttata
gtatgtacaa
ggacagattc
tcectgatttt
tgggccceaag
ttaatagget
atgtgatggt
ttaattcaca
catcccaatce

25/129

10 (cont.)

cggacgccett
ctggttgege
ccgectgaca
accttatgge
cctaaaggag
ggacccateg
ttcgtgectgg
atgcgaaacyg
gtcattgaca
gagatgtgta
ctatgtgctce
attggggtte
ctggcetgtec
ctgcgaatcet
gcaaaagatt
ttttatacac
aatgatcacc
tttgeectet
cagaatgatc
atcaacatgg
agattcaaaa
cagtccttgg
aacttccgtt
attttcttta
aaaaaactat
cacagctaca
taagaaagcc
taacaacttc
ctattcttte
taagtcactg
aatcctttaa
gcaaatgaga
aggagggagt
cccaaaccte
gactggcaca
tcctttacat
cccaaaagac
ttttttcagg
ttgtcatcetg
cctgtgctca
tgcetggtge
ggttaaaatg
atacagatta
ttgtaaatag
aactgctttt
tettctaage
gagaaaacgg
ccattcttag
gttccagcaa
agctttaact
gggccacatg
acagtaaacc
caccatatgg
actttttcag

ctggagcagg
tggttcttge
gggccactce
ccaagggtte
acaggacggc
agatcaagga
ggatcatecgg
gtcccaatat
tcectatcaa
agctggtgec
tgagtattga
caaaatggac
ctgaagcceat
gecttgettea
ggtggetgtt
taatgacctg
taaagcagag
gctggettee
ccaatagatg
cttcactgaa
actgctttaa
aggaaaagca
ccagtaataa
tattggaccg
gtatttgcac
tatgacattt
tcgtegtgaa
caggatattc
taaaaagaga
taaaacagaa
aacaactttt
gagcagttta
aacagaaaga
agcattctge
tgtgccaget
tcagttaaga
ttttttgaat
attattaaaa
taaatactta
tagctttacg
agtgtccaca
gtttctagea
gtacatttaa
ccaatagaaa
tgagaccgta
aaagtgcctt
aagagagagg
cctaacgtte
aacacagtgc
cggtcttaaa
ttggaaataa
aaaacccaac
attctattta
aggcctgtta
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tagcagcatg

ctgeggectg

gecttttgcaa

caacgccagt

aggatcteceg

gactttcaaa

gaactccaca

cttgategec

tgtctacaag

tttcatacag

cagatatcga

agcagtagaa

aggttttgat

tceegttecag

cagtttctat
tgaaatgttg
acgggaagtg
ccttcaccte
tgaacttttg
ttectgeatt
gtcatgcectta
gtcgtgetta
atacagctca
aagtcattaa
agcacactat
tatgagctgt
agcacttaat
acacaacact
tttattttta
cttttaaatg
caattaatat
gttgttgcat
gecaaggctgt
aatatgtaac
gaatttaaaa
tcaaacctca
ctgtecattea
tettetttet
cctacataca
atggagagat
tgacaaaggg
tatgtataat
cagctacctg
agtttgettg
agaacctcett
aggatagcett
aaatgaggtg
gtcattgect
aatgttcteca
atatgcccaa
gctagtaatg
aatgtggcca
taaatcaccc
tcatagaagt
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3421
3481
3541
3601
3661
3721
.3781
3841
3901
3961
4021
4081
4141
4201
4261

cattttagac
tatatttaat
tcectgatacc
tgaaactaca
tttaaaaaaa
ttctttacat
ttcctagtat
cagctcaaaa
gtggatgtat
gtttatagca
aaaaaattat
tttattatgt
actgtacaga
caagtggaca
aaaatgccac

tctcaatttt
ttctatttaa
ctttecttet
cacaaaaagc
atgtttgatt
actcaaaacc
taaggacttt
gatttataaa
gttcaaacac
aaacatgggt
atatctggga
aagcaaaacc
cactaattca
ttatttatgt
atttctggtce
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Figure 10 (cont.)

aaattaattt
attttagatt
ccatgtcagt
atacttgcat
caaaacttta
aagatagaaa
aatatagcaa
agattttaac
cttttagtat
atgctgtagce
ggattttttg
aataaaaatt
ttaaatacta
taaatataca

tetggg

tgaatcacta
atttttatta
atcatgttct
tatttataat
acatactgat
aaggtgctat
cagacaaaat
ctattttctc
tgatagetta
taactttata
gttgcctaaa
taagtttttt
attgattgtt
attatcaagc

atattttcac
ccatgtactg
ctaattatct
aaaattgcat
aagtaagaaa
cgttcaactt
tattgttaac
ccttattate
catatggcca
aaagtgtaat
gtggctatag
taacaactac
taaaagaaat
aagtatgaag
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agtttattaa
aatttttaca
tgccaaattt
tcagtggett
caattataat
caaaacatgt
atggatgtta
cactgctaat
aaggaataca
ataacaatgt
ttactgattt
cttatttttce
ataaatgtga
ttattcaatt

SEQ ID NO:16
1 gaattcccge ggagcagegt gecgeggggcec ccgggagacg geggcggtag cggegeggge

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161

agagcaagga
cgcgatgetg
ggtacccact
dagactgaac
caaaacctgc
actgcagatce
geggggecge
tggtgagttt
gaggatggat
tgagaagagt
ccgaggggta
tgatgcggag
tgggagtgaa
agaagaagcec
ggaaccctac
cacagagtct
gtgccgagcea
cttttacggc
cgtgtgtgge
tctegagaca
tgaggccaag
tcaagcaaag
agtggaatct
ggccagagtg
cgctctgcag
ccgcgcagaa
ggatcccaag
tgagegcatg
tcaggatgaa
caacatgatt
cgaaacgaaa
ccagecgtgg
gectgttgat
gacaaatatc
ctcaggatat
caaaggtgca

cgcggcggat
cceggtttgg
gatggtaatg
atgcacatga
attgatacca
accaatgtgg
aagcagtgca
gtaagtgatg
gtttgcgaaa
accaacttge
gagtttgtgt
gaggatgact
gacaaagtag
gatgatgacg
gaagaagccea
gtggaagagg
atgatctcce
ggatgtggeg
agcgccattce
cctggggatg
caccgagaga
aacttgecta
ttggaacagg
gaagccatgce
gctgttcecte
cagaaggaca
aaagccgcete
aatcagtcte
gttgatgagc
agtgaaccaa
accaccgtgg
cattettttg
gcccgecectg
aagacggagyg
gaagttcate
atcattggac

cccactecgceca
cactgctect
ctggectget
atgtccagaa
aggaaggcat
tagaagccaa
agacccatcce
ccecttetegt
ctcatcttea
atgactacgg
gttgececcact
cggatgtetg
tagaagtagc
aggacgatga
cagagagaac
tggttcgaga
getggtactt
gcaaccggaa
ctacaacagc
agaatgaaca
gaatgtccea
aagctgataa
aagcagccaa
tcaatgaccg
ctcggccteg
gacagcacac
agatcecggte
tetecctget
tgcttcagaa
ggatcagtta
agctccttece
gggctgacte
ctgecgaccg
agatctctga
atcaaaaatt
teatggtggg

cagcagcgca
gectggecgee
ggctgaacce
tgggaagtgg
cctgcagtat
ccaaccagtg
ccactttgtg
tcctgacaag
ctggcacacc
catgttgcetg
ggctgaagaa
gtggggcgga
agaggaggaa
ggatggtgat
caccagcecatt
ggtgtgetet
tgatgtgact
caactttgac
agccagtacce
tgcceattte
ggtcatgaga
gaaggcagtt
cgagagacag
cecgecgectg
tcacgtgtte
cctaaagcat
ccaggttatg
ctacaacgtg
agagcaaaac
cggaaacgat
cgtgaatgga
tgtgecagece
aggactgacc
agtgaagatg
ggtgttettt
cggtgttgte

ctecggtgcecece
tggacggcetce
cagattgeca
gattcagatc
tgccaagaag
accatccaga
attccctace
tgcaaattct
gtcgecaaag
cecectgeggaa
agtgacaatg
gcagacacag
gaagtggctg
gaggtagagg
gccaccacca
gaacaagccg
gaagggaagt
acagaagagt
cctgatgecg
cagaaagcca
gaatgggaag
atccagcatt
cagetggtgg
gecectggaga
aatatgctaa
ttcgagcatg
acacacctcece
cetgeagtgg
tattcagatg
gctctcatge
gagttcagece
aacacagaaa
actcgaccag
gatgcagaat
gcagaagatg
atagegacag

cgcgcagggt
gggcgetgga
tgttectgtgg
catcagggac
tctacccetga
actggtgcaa
gctgettagt
tacaccagga
agacatgcag
ttgacaagtt
tggattctge
actatgcaga
aggtggaaga
aagaggctga
ccaccaccac
agacggggcee
gtgccccatt
actgecatgge
ttgacaagta
aagagaggct
aggcagaacg
tccaggagaa
agacacacat
actacatcac
agaagtatgt
tgcgeatggt
gtgtgattta
ccgaggagat
acgtcttggce
catctttgac
tggacgatct
acgaagttga
gttctgggtt
tccgacatga
tgggttcaaa
tgatecgtcat
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2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121

SEQ ID NO:

caccttggtg
tgacgcecget
aaatccaacc
tgaagttgga
tgggaagaaa
aacacaagta
tttacatttt
ctgtatcaaa
ccagttgtat
aagaatcgat
tattcettte
ttagagagat
ttgtgatata
cacattaggc
ataaagaaaa
tctgetggte

17
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Figure 10 (cont.)

atgctgaaga
gtcaccccag
tacaagttct
cagcaaaacc
caaacccgtt
gatgectgaa
ggtctctata
ctagtgcatg
attattcttg
gggggatget
ctgatcacta
tttttttcca
ggaattaaga
attgagactt
gaatcecctgt
ttcaattacce

agaaacagta
aggagcgeca
ttgagcagat
attgcttcac
ttatgattta
cttgaattaa
ctacattatt
aatagattct
tggtttgtga
tcatgtgaac
tgcattttaa
tgactgecatt
ggatacacac
caagctttte
tcattgtaag
aagaattc

cacatccatt
cctgtccaag
gcagaactag
tacccatecgg
ctcattatcyg
teccacacatce
aatgggtttt
ctcetgatta
cccaattaag
gtgggagttc
agttaaacat
ttactgtaca
gtttgtttct
ttttettgte
cacttttacg
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catcatggtg
atgcagcaga
acceecgeca
tgtccattta
ccttttgaca
agtaatgtat
gtgtactgta
tttatcacat
tcctacttta
agctgcttct
ttttaagtat
gattgctget
tcgtgcctgt
cacgtatctt
gggcegggtag

tggtggaggt
acggctacga
cagcageccte
tagaataatg
getgtgctgt
tctatctcte
aagaatttag
agccecttag
catatgcttt
cttgcctaag
ttcagatgcet
tctgetatat
tttatgtgea
tgggtctttg

ggaggggtge

1 geegeccteg cecaccgetee cggecgecge geteeggtac acacaggatce cctgetggge

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101

accaacagct
tgtggcacca
ctcaccgggg
agcccagett
caagacctgg
cagatgaaga
gtcttcageg
ggaaagcagce
atcaccctgt
aatgctgagt
agactccgca
aggtttgtct
accagtgtcce
actaactaca
gagctgtcca
gacagcatcc
ccectatget
tgcactgagt
atgeccctgcet
gactctgegg
ggcaatggaa
teccteggtece
ggtggetgga
atcacaagga
ggcgaagcgce
ggtccttggt
agtcgtctcect
acagaaaacc
tgetttgeeg
cccectggtt
cctgatgect
aactgectge
catgccacgg
gactgcaaca
tgcgagtgca

ccaccatggg
accgcattec
ccgeccgcaa
teccgeatega
tggatgctgt
agacccegggg
tggtgtccaa
acgtggtgte
ttgtgcagga
tggacgtccce
tcgcaaaggg
ttggaaccac
teectcacecet
ttggccacaa
gcatggtccet
gcaaagtgac
atcacaacgg
gtcactgtca
ccaatgccac
acgatggctg
ttecagcageyg
agacacggac
gccactggtc
tceggetetg
gggagaccaa
caccatggga
gcaacaaccc
agatctgcaa
gcgtgaagtg
acagtggaaa
gcttcaacca
cctgcececcee
ccaacaaaca
agaacgccaa
agcctggeta

getggectgg
agagtctgge
ggggtctggg
ggatgccaac
gcggacagaa
cacgctgcetg
tggcaaggcg
tgtggaagaa
agacagggcc
catccaaagc
gggcgtcaat
accagaagac
tgacaacaac
gacaaaggac
ggaactcagg
tgaagagaac
agttcagtac
gaactcagtt
agttcctgat
gtctececatgg
cggecgetece
ctgccacatt
cccgtggtea
caactctecc
agcctgcaag
catctgttct
cacaccccag
caagcaggac
tactagctac
tggcatccag
caatggagag
acgcttecace
ggtgtgcaag
gtgcaactac
cgctggcaat

ggactaggeg
ggagacaaca

cgeccgactgg
ctgatcccce
aagggtttcce
gccctggagce
ggcaccctgg
gctcteetgg
cagctgtaca
gtcttcacca
gacaatttcc
atcctcagga
gtggtgaatg
ttgcaagcca
ggcctgcgea
aaagagttgg
agaaataacg
accatctgca
ggagaatgct
tcecgagtgga
tgcgatagec
caggagtgtg
tcttgttcetg
agcccccaga
aaagacgcct
gtcacctgtg
tttggaggca
tgtccaattg
cctgatggea
tgcacagatg
caccggtgtg
ggctcacagc
ceccegtaacce
ctgggccact
ggcatcatct

tectgttect
gcgtgtttga
tgaagggccc
ctgtgcectga
teettetgge
ggaaagacca
acctcagcct
caaccggcca
tcgactgtga
gagacctggc
agggggtgct
acaaaggctg
gttccagcecec
tctgeggeat
ccattgtgac
ccaatgagct
aggaatggac
aaaaggtgtce
gtcctegetg
cctecetgtte
tcaacaaccg
acaagagatt
tgacatgtgg
tgaacgggaa
gccccatcaa
gaggaggggt
aggactgcgt
atggatgcct
gctggaaatg
ttgatgagtg
agaacacgga
cctteggeca
cctgeacgga
atagcgacce
gcggggagga

gatgcatgtg
catctttgaa
cgacccttee
tgacaagttc
atcectgagg
ctctggeccag
gaccgtccaa
gtggaagagc
aaagatggag
cagcatecgece
gcagaatgtg
ctcecagetet
tgccatecge
ctcctgtgat
cacgctgceag
gaggecggect
tgttgatage
ctgceccate
ttggcccage
tacgagctgt
atgtgaggge
taaacaggat
tgatggtgtg
accctgtgaa
tggaggctgg
acagaaacgt
tggtgatgta
gtccaatcecc
tggtgecttgt
caaagaagtg
cececeggetac
gggtgtcgaa
tgggacccac
catgtaccge
cacagacctg
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2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381

SEQ ID NO:

gatggetgge
gataattgcc
gatgectgtg
ttccattaca
aactgtcecct
gcctgtgetg
gtctacaatg
tgcccettgg
tgtgacaaca
tatgtgcceca
cacgatgatg
cccgaccaga
catgacagtg
gatttccgee
aactgggttg
ctegetgtag
accgaaagdyg
tatgttgtga
cagggatact
ctgecggaacg
gaccctegte
ccaaagacgg
ggacccatct
gaaatggtgt
tgattgaaag
agaaaacccc
gactcctaga
tecagecctceca
gaaaaagcat
agcagggtgce
tcagagaagg
gaacacgggg
gaagaaaata
gactattgcect
acttaaatag
caccecttact
ggcagtgetg
cttgtgcaga

18

ccaatgagaa
ccaaccttee
atgatgacga
acccagctea
acaaccacaa
cagacattga
tggaccagag
aacacaatcc
atcaggatat
atgccaacca
acaacgatgg
aggactctga
tgeccagacat
gattccagat
tacgccatca
gttatgatga
acgatgacta
tgtggaagca
cgggecettte
ccectgtggea
acataggctg
gtttcattag
atgataaaac
tettetetga
actgatcata
caggatcact
acgtgcgacc
atgaataaga
ctacttgcectt
tattgtgagg
gaggactcac
agcagaggcec
tggaggaact
ggatttcatg
aagcaggaaa
catcacctgce
gctgecattg
tgtagcagga

28/129

Figure 10 (cont.)

cctggtgtge
caactcaggg
tgacaatgat
gtatgactat
cccagatcag
tggagacggt
agacactgat
ggatcagctg
tgatgaagat
ggctgaccat
cattcctgat
cggcgatggt
cgatgacatce
gattcctctg
gggtaaagaa
gtttaatgct
tgetggattt
agtcacccag
tgtgaaagtt
cacaggaaac
gaaagatttce
agtggtgatg
ctatgctggt
cctgaaatac
aaccaatgct
tctececttgge
tgcctcaaga
catcttccaa
cagttgggaa
ccatctctga
tagaattagc
aaagcactaa
gttacatgtt
atgctgactg
gggagacaaa
agtggccaga
cctggtcaca
aaataggaaa

gtggccaatg
caggaagact
aaaattccag
gacagagatg
gcagacacag
atcctcaatg
atggatgggg
gactctgact
ggccaccaga
gacaaagatg
gacaaggaca
cgaggtgatg
tgtecctgaga
gaccccaaag
ctcgteccaga
gtggacttca
gtctttgget
tectactggg
gtaaactcca
acccctggece
accgcectaca
tatgaaggga
ggtagactag
gaatgtagag
ggtattgcac
tteecttettt
aaatgcagtt
gcatataaac
ggtgcccatt
gcagtggact
aaacaaaacc
ggggagggcg
cggtactaag
gcgttagetg
gactggctte
attagggaat
ttgaaattgg
acctaccate
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cgacttaccea
atgacaagga
atgacaggga
atgtgggaga
acaacaatgg
aacgggacaa
ttggagatca
cagaccgcat
acaatctgga
gcaagggaga
actgcagact
cctgcaaaga
atgttgacat
ggacatccca
ctgtcaactyg
gtggcacctt
accagtccag
acaccaacce
ccacagggcec
aggtgcgcac
gatggcgtcet
agaaaatcat
ggttgtttgt
atccctaatc
cttectggaac
tetgtgettyg
ttcaaaaaca
aattgctttg
ccactctgee
caaaagcatt
accctgacat
catacccgag
tcattttcag
attaacccat
tggacttcct
cagaatcgaa
tggctteatt
tcagtgagca

ctgcaaaaag
tggaattggt
caactgtcca
ccgetgtgac
ggaaggagac
ctgccagtac
gtgtgacaat
tggagatacc
caactgtcece
tgcetgtgac
cgtgcccaat
tgattttgac
cagtgagacc
aaatgaccct
tgatcctgga
cttcatcaac
cagecgettt
cacgagggcet
tggcgagceac
cctgtggeat
cagccacagg
ggctgacteca
cttctetcaa
atcaaattgt
tatgggettg
catcagtgtg
gactcagcat
gtttcctttt
tttgtcacag
ttcaggcatg
cctecttecag
acgattgtat
gggattgaaa
gtaaataggc
cecctgatcecce
accagtgtaa
ctagatgtag
ccag

1 atttectettt agttetttge aagaaggtag agataaagac actttttcaa aaatggcaat

61
121
181
241
301
361
421
481
541
601
661
721
781

ggtatcagaa
aactgtgaag
teccatecteg
aaccatcatt
atatctccag
ccttgaggag
tcgtgetgee
aagaactaac
tctggecaaa
tgctaagggt
cagggccettg
catccttace
cagtaagcat

ttcctcaage
tcatccaaag
gatgtegetg
gacattctaa
gaaacaggaa
gttgttttag
atgaagggcc
aaagaaatca
gacataacct
gaccgatctg
tatgaagcag
accagaagct
gacatgaaca

aggcctggtt
gtggtccegyg
ccttgcataa
ctaagcgaaa
agcccctgga
ctctgctaaa
ttggaactga
gagacattaa
cagacacatc
aggactttgg
gagaaaggag
atccacaact
aagttctgga

tattgaaaat
atcagcggtg
ggccataatg
caatgcacag
tgaaacactg
aactccagcg
tgaagatact
cagggtctac
tggagatttt
tgtgaatgaa
aaaggggaca
tegecagagtg
cetggagttg

gaagagcagg
agcccctate
gttaaaggtg
cgtcaacaga
aagaaagccc
caatttgatg
ctaattgaga
agagaggaac
cggaacgctt
gacttggcetg
gacgtaaacg
tttcagaaat
aaaggtgaca

aatatgttca
ctaccttcaa
tggatgaagc
tcaaagcagce
ttacaggtca
ctgatgaact
ttttggcatc
tgaagagaga
tgctttetet
attcagatgce
tgttcaatac
acaccaagta
ttgagaaatg
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841
901
961
1021
1081
1141
1201
1261
1321

SEQ ID NO:

cctcacaget
tcaagccatg
ttctgaaatt
ttgccaagece
tggaggaaac
tattttcatc
ctacatgctg
ataagtccat
gtaacaatac

19
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Figure 10 (cont.)

atcgtgaagt
aaaggtgttg
gacatgaatg
atcectggatg
taaacattcc
ctataagctt
aaaaatatag
tttttaaaaa
atgagaaaga

gcgecacaag
gaactcgcca
atatcaaagc
aaaccaaagg
cttgatggtc
aaataggaaa
cctttaaatc
tgttttcece
tgtctatgta

caaaccagcet
taaggcattg
attctatcag
agattatgag
tcaagctatg
gtttcttcaa
atttttatat
aaaccataaa
gctgaaaata
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ttetttgeag
atcaggatta
aagatgtatg
aaaatcctgg
atcagaagac
caggattaca
tataactctg
accctataca
aaatgacgtc

agaagcttca
tggtttccceg
gtatctccect
tggctetttg
tttaattata
gtgtagctac
tataatagag
agttgttcta
acaagac

1 geccecegeee ggcccegecee getctectag tececttgeaa cctggegetg catccgggece

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521

actgtececcag
gggctggtge
ctgatggaca
gggtggagtg
ccaatgcaag
gaggaggctt
cctgggggag
gaccaggatg
gcagaccaga
cgetgetete
gcctgtgtgg
ggcttggecc
acctgettge
agccctgatg
gaaggtggca
gacacacccce
atctgtacct
acaggtccce
ctgegttggyg
tgttceccagt
gtgcacttet
gaaccttatg
agctctggcce
ggcctgtete
tceceggceecce
gaagaacggt
accacataca
gatcatgagt
gccgteatet
tccaggagag
gagaggacaa
agggagcctt
gcgtggetga
accctcagge
tccecaggtyg
cacccgcata
acagaattta
gtcectggge
aatcacaatt
tgctgecaagg
gaaacccagg
atcttcacca

gtceccaggte
tgctgctctg
caagcaaggc
aacagcaaca
gacgcagaga
ccegegteca
ccgggectcet
tgggcattca
getteaccat
tgggeegect
ccetggtgte
aattcccaga
cccacgegeg
gcgagtgget
gtggegaage
attgtectcac
gtgagagegg
ccteggcecce
aacccccagce
gtcagggcac
cgeegggggce
ccaactacac
atgccagcac
tgagactggt
gaagccctgg
accagatggt
tegtecagagt
tteggaccag
ttgggcetget
cccagecggcea
gctgtgctga
ggactttacce
tggtggacac
tececageca
gccagtggtyg
ttctgcatct
tggagaatgce
agctagtgge
atgtccaccg
tgtctgactt
gaggaaagat
cagccagega

ceggeccgga
cgcceccgetyg
acagggadgag
gatactgaat
cactgaccac
cgtggagectg
gggctgcaag
gctecegacgg
tecgagacctt
gacccgccgt
tgtcecgggtce
cactctgecet
ggccagccece
ggtgcecctgta
atgtgttgcc
gtgeccececcag
ccattacaga
ccgaaacctyg
agatacgggyg
agcacaggac
cecgggegete
ctttaatgtg
ctcagtcagce
gaagaaagaa
ggcgaacctg
tectagaaccc
ccgaatgctg
cccaccagtg
gecttggtgea
gaggcagcag
agccttatgt
cggaggctgg
tgtcatagga
ggactgcaayg
gaacttcctt

ggaaggcgtc

agccctggat
catgctgcag
ggacctggct
tggcetgact
ccctatecogt
tgtgtggagce

gctatggage
cceceecggggy
ctgggctggce
gggacaccce
tggetteget
cagttcaccg
gagaccttca
cecttgttee
gecgtetgget
ggcctctacce
ttctaccagc
ggcececgetg
aggcccteag
ggacggtgcee
tgcectageg
cagagcactg
gcteceegggg
agcttctcetg
ggacgccagg
ggggggcccet
accacacctyg
gaagcccaaa
atcagcatgg
ccgaggcaac
acctatgage
agggtcettge
accccactgg
tccaggggece
gccttgetge
aggcacgtga
ggtacctcca
tctaatttte
gaaggagagt
actgtggceca
cgagaggcaa
gtcacaaagc
gcettectga
ggcatagcat
gccagaaaca
cgcetectgg
tggacagcce
tttgggattg

ggcgetggece
cgcgegecaa
tgctggatce
tctacatgta
ccaattggat
tgegggactg
accttctgta
agaaggtaac
cegtgaaget
tcgetttceea
gctgtcctga
ggttggtgga
gtgcacccceg
actgtgagece
gctecctaccg
ctgagtctga
agggccccca
cctcagggac
atgtcagata
gccagcectg
cagtgecatgt
atggagtgtc
ggcatgcaga
tagagctgac
tgcacgtget
tgacagagct
gtcctggcecce
tgactggagg
ttgggattet
ccgcgecace
ggcatacgag
ctteeceggga
ttggggaagt
ttaagacctt
ctatcatggg
gaaagccgat
gggagcggga
ctggcatgaa
tcttggtgaa
atgactttga
ctgaagccat
tgatgtggga

cctggggcta
ggaagttact

cccaaaagat
ccaggactge
ctaccgecggg
caagagtttc
catggagagt
cacggtggct
gaatgtggag
caacccgggt
gaccctgaat
agtggeggge
catgcactgc
tggctatgag
gatggacatg
gggggccacc
ggtggeatge
tcagctcetcce
cagtgtgagg
tggggtgggce
caatggcctt
agggctgggce
gtcactgtca
ctgggegggg
gaaccaggat
gcagcctgac
tttctcceet
agagattgta
cgtttteecgg
gatgtggatc
gaccctgcac
gettgatcea
gtatcgaggg
aaaagacaca
ccagtttagc
catgatcatc
ggaccagcetg
ctacctcagt
tcaaaacctg
tggcacatac
tgeccategg

ggtgctgage
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2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361

SEQ ID NO:

tttggggaca
gggtaccggt
tgectgggeat
caactgcttg
cttegectge
ctcgagtcea
atggagtgtg
gggcaccaga
cceccatgece
cctgegeccee
aggagaaccc
aagtaaaagg
atatatattg
tgcaggcact

20

30/129

Figure 10 (cont.)

agcecttatgg
tgcccectec
atgacecgtge
ccaacccceca
ccagcctgag
tacgcatgaa
tgctggaget
agcgcattcet
aatcagggtg
ttcccacaac
tgctctgeac
atgatcatgg
ttgtaaataa

ggagatgagc
tgtggactgce
cecgecggeca
cteceectgegyg
tggctcagat
acgctacatc
gaccgctgag
ttgcagtatt
caaggagcaa
ctgccagact
cccagaaaac
gagggagctce
acaggaaatg

aatcaggagg
cctgcececte
cacttccaga
accattgcca
gggatcccgt
ctgcacttec
gacctgacgc
cagggattca
ggacggggcec
aggctatcgg
ctetttgttt
aggggttaat
attttetgece
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ttatgaagag
tgtatgagct
agcttcaggc
actttgaccc
atcgaaccgt
actcggctgg
agatgggaat
aggactgatc
aaggtcgctce
tgctgettcet
taaaagggag
atatatacat
tccateccac

cattgaggat
catgaagaac
acatctggag
cagggtgact
ctetgagtgg
gctggacacc
cacactgccc
cctectetea
atggtcacte
gcecgcettta
gtgggggtag
acatacacat
ccatcaggge

1 ccaagagcta cgcggcggceg gcggagegea ggectegtge cgttacggec atcacggegg

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

SEQ ID NO
1

61

121

181

cegcagtgge
tggtggtagt
agaatgagag
tgaataaaac
catctattgt
gtgtgccaga
atgacctecaa
tatcattgat
gtggtagcta
acagteccttt
acctaaatac
atgatgaaga
atgacccaga
actatgttac
agtgtgatta
gcaaagtcac
tecteatteg
ggaaaaacaa
aattcagcac
aacaaggaga
ctgctgtgta
tgcttgattg
tataactcag
atccttggece
acagttttgt
aaatccttta
tecattatata
aatcttttet
tatatttgte
atacattcat
tgtacaattt

:21

catggcggeg
gagacctgag
aagtccegtt
agccacctga

gtcctggagce
agccaaattt
attatggett
aggttttgtg
gaaaaaccta
ttctgecatcet
catgeceeget
aaaggggaca
caatggacaa
gggtgaccat
tgggcaagtg
acttaatttc
gtggtggaaa
cgttatgcag
cattaggcet
caggcatcaa
tgatagtgaa
gcattttaaa
catggaagaa
aaaattatat
gctgtaattt
gaaattgttg
cccatacata
ttctgtttta
attttgtaaa
ttgeetttec
aaattattat
gtgactaaat
acaggccatt
tgtcttecagt
taatttacaa

actgcggcaa
ccgacactgg
gtatcagagt
tcactaacaa

cctcecetecagt
gattatgtgg
ctggatgatt
cctictaact
aaggatacct
cctgetgatg
tatgtgaaat
aaggtgatcg
gttggatggt
gtgggttctc
ttgecatgtgg
gagaaaggag
tgcaggaaga
aataatccat
tcactcactg
gcagaaatgg
tcttegecaa
gtccaactaa
cttgtagaac
cttgtcaage
gtcatgtaat
tttctaaatc
tatactatgt
ttgttttttt
caaaaatcaa
tttgtttect
atctatatat
agcaataata
gtaaatacca
catacagcaa
ctgttggaaa

agcgagagcc
gggcagtccg
aagatggacg
aagacatctt

gctgaagctg
cccaacaaga
ctaagtectg
atgtggaaag
taggcattgg
atagttttgt
ttaactacat
tcatggagaa
tcecttecaaa
tgtcagagaa
tacaggctct
atgtaatgga
tcaatggtat
taacttcagg
gaaagtttgc
cattaaatga
atgatttetce
aagagactgt
attacaaaaa
atttatcatg
tgaagactga
tatatgagaa
atgcagtgca
ctttgetgtt
ataatgcata
tgtaaaggca
gacatatgct
agtggaaaat
agtatattgt
gacacatgag
taaaaatcac

tcggagacgc
cgagceccge
gtagetttga
ctgttaacca

ctgaaagatg
acaagagttg
gtggegagtt
gaaaaacagt
aaaagtgaaa
tgacccaggg
ggctgagaga
atgcagtgat
ctatgtaact
attagcagca
ttaceccattce
tgttattgaa
ggttggtcta
tttggaacca
tggcaatcct
aagaggacat
agtatcacta
ctactgecatt
ggcaccaatt
atactgctga
gaaaatgttg
ttgacaataa
tectgcataga
ttcecctttge
tcagaatctt
ccctgttetg
aaaatttectt
tagaaattat
gtctgccata
acatagatta
ttaatttttt

cgctgecgcec
actctctcga
ttgtgattgt
acagccgcca

gcagaagaag
gacatcaaga
cgaaattcea
gctcggaaag
agaaaaccta
gaacgtctct
gaggatgaat
gggtggtggce
gaagaaggtg
gtcgtcaata
agctcatcta
aaacctgaaa
gtaccaaaaa
tcacctecceac
tggtattatg
gaaggggatt
aaagcacaag
gggcagcgta
tttacaagtg
ccagaagtga
ggtccagteg
gtatttttat
acagttcctt
ttectaatatt
tatatggaag
ttatggtttt
ggagagtgtt
ttccaggtat
atttttaaaa
gaaaacatgt
tce

agcacagccyg
tgagtcggag
ggtgagetgg
gggcttecctg
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241

301

361

421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241

SEQ ID NO:

1

ttgaaataaa
gcaccttaga
agaatgttca
cgtttageac
ttegttaaat
taattctcaa
gtttggcata
ttetececttt
tcaatttgaa
tcatgaacat
gtggaggcaa
tcaagaaaat
ttattagaag
gaagccaatt
aggagtacat
atgccagget
tactgcacag
agataggtga
tttctgaagg
attatactaa
gtaaaaccct
ttcetgttgt
gaaatgacat
aagcactgga
aagaagcact
caagccatce
acagtcacat
ctgtacataa
tcactgatga
agtatctgga
cagatcatca
cgaggtcatc
atgaacccaa
ataagaaagg
aggaagcatc
attcctttat
ataaattaaa
agtcagtaag
tgtaccagtc
atcagttttg
acttggacaa
aggatgggaa
tcctctttaa
caccacttaa
ttecctecatea
ttatctttgt
ttttttactt
aatccagact
cacacaaaaa
aagacaagaa
gaaatttaca

22
ggtetttgag

31/129

Figure 10 (cont.)

tatatagcaa
atgatgctgce
tagaagcctg
ggtaatctga
gtetgcagag
tatgaataga
tgcaatgaac
ttgaaagatc
aggaaaaggc
tcatggtttt
tggecttggtt
tgtecttact
acttgaccat
aacagacgat
ggagacagac
tttecatgtat
agatctcaaa
cttitggtectt
attggttact
agccattgac
ttttgecaggt
acatgaggaa
gactgagcca
tttecctggaa
ctececatceet
ttttcatatt
ttataactgg
caactttgat
agaagaagta
ggatcctget
tgaaaacaaa
atcatattta
gcttattata
caaatcaaaa
acagcaactg
tgcaggaact
tgacttgaat
ccaagaaaaa
ttettgggac
tgaggtaagg
gttetttage
gcttggggag
caagcagctc
gtcaatacag
aacatacagce
attcttecatg
gaatcagatg
ttetttttet
taaagactag
cattctctca

cagtgag

cgctaacgte

caaaggaaaa
tcaggaccag
ttgtgtgcat
gtgcacagta
ttgctgecece
gctttttgag
atcaagaaac
ttteccttttg
aatagtaagg
gatctgggtt
ttttectgetg
gatcceccaga
gataacattg
gtgggcetcetce
ttggctaatg
cagctgctac
ccagctaatce
gcacggatca
aaatggtaca
atgtgggctg
gcacatgaac
gatcgtecagg
cacaaacctt
caaattttga
tacatgagca
gaagatgaag
gaaaggtatc
attgatgaag
caagttgatc
tttgatacca
tattgtgatc
gataacttag
gatctttecca
tgtgaaagga
gctggaaaag
attcagctta
agctcagtgt
caggaaaaag
agccagtttg
aaggatgaac
aggaaagaag
agaggacatg
gagtccatag
gccacattaa
agcattctga
aaatgtgttt
gtgtcattta
acatgtgaga
agcaaaataa
tagaacattg

tttectgtete

aaagaagcaa
teccaacactg
atttattcac
tgtcatttca
tttettgaac
ctttaaatct
catcttgctyg
atgeccagttt
gtttcaaaat
ctaggtatat
tagacaatga
gtgtcaaaca
tgaaagtgtt
ttacggaact
tgctggagca
gggggctcaa
ttttcattaa
tggatcctca
gatctccacg
caggctgcat
ttgaacagat
agcttctecag
taactcagct
catttagccce
tatattettt
ttgatgatat
atgattgtca
ttcagecttga
cccgaaaata
attactctac
tggagtgtag
tttggagaga
attggaaaga
atggattggt
aaagggaaaa
gttcccageca
cccaactaga
gaatggcaaa
tgagtggtgg
aagttgagaa
atactgaaat
aggaaggatt
gcatcccaca
caccttctge
aacatctgaa
tgtetttttt
gtaaggattt
tagttttcat
tgcaacgcag
atctgtttta

ccegeggtgyg
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aacggaaata
aatgtatctg
atttttgtta
ttccgtttga
tatgagtact
aaggggaact
tggaagcata
tcttecttgt
ggcagagaaa
ggacttaaaa
ctgtgacaaa
tgctectacgt
tgagattett
gaacagtgtt
gggcecttta
gtatattcac
tacggaagac
ttattccecat
tcttttactt
ctttgctgaa
gcagctgatt
cgtaattcca
gcttccagga
catggategg
tccaatggat
tttgcttatg
gttttcagag
tccaagagct
tttggatgga
tgagccettgt
ccatacttgt
gagtgaagtt
acaaagcaaa
taaagcccag
gaatcaggga
tgagcctact
attgaaaagt
tetggetcaa
ggaggactgt
ggaaaacact
gctagaaact
tectgaacaac
gtttcacagt
tatgaaatct
ctaaaacact
tattactagt
tatgagttct
tttaactggce
gaggagaaaa
caggaaacaa

tgatgacggt

gtgettaccea
cactgtgagg
aatgttaaat
gtttettgtt
gcaatctttt
cgacaggect
attatttttce
ttacacaagt
tttgaaagtc
ccattgggtt
agagtagcca
gaaatcaaaa
ggtceccagtg
tacattgttce
ctggaagagc
tectgcaaatg
ttggtgetga
aagggtcatce
tctectaata
atgctgactg
ttagaatcta
gtttacatta
attagtcgag
ttaacagcag
gagccaattt
gatgaaactc
catgattggce
ctgtccgatg
gatcgggaaa
tggcaatact
aactacaaaa
aaccattact
gaaaaatctg
atagcgctag
tttgattttg
gatgttgttg
ttgatatcaa
ttagaagcct
tttttcataa
tacactagtt
gagccagtag
agtggggagt
ccagttgggt
tcececteaaa
cagcagacat
gtttaagtca
tgttttttaa
atgtcatttg
gaaatgcact
accttgectt

gaaaactgag
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341

SEQ ID NO:

gctgcectaagyg
ttcatgaagc
tatgcatgca
gagcttatga
ccgtegteea
ggcagttttg
aaagttttac
cggaatgtte
cagactgctg
catctccaga
gccagtgect
aatattttgce
aacattgaac
gaggtgcttc
ttgtatgaga
gacaacattc
ctectggagyg
atggagatta
aagattactc
ccecgagttta
gtcacagcca
acggactctt
cgaatgtttt
tttgcacatce
agagcacatt
gtgctatcte
aaagcggacg
attatgaaat
tgtttcagtt
atgcctgate
acgtgggaca
gtaagatacg
tgcttaaaga
caatgcccca
aaaatgggca
agaacgtctg
tgtaaaccac
tcatcccate
ttgaaaaata

23

gcaccctcac
agaggaggat
aacaccctga
atgccaaccc
atcctcatge
gaaaggttct
agaagaaagc
tgttgaagaa
acaaattgta
gggaacgctg
tgggctacct
tagattcaca
acaacagcac
ataagcagcc
tgctgtatgg
tgaacaagecc
gcetectgea
agagtcatgt
ccecttttaa
ccgaagagec
gcgtcecaagga
tectectgaac
agttagcctt
tctggaaget
ctcetecagtg
tgaaacgagc
ctgttctaaa
gtgcctttte
ctttatttte
acagatggat
ttgtttgttt
gttaataact
aagecattget
gttgtcagtc
ttatttatgt
tacattgggt
cattttaatg
acacaacttt
ttta

32/129

ttactcecagg
gggtctgaac
agttcagtcc
ttctectceeca
taaaccatct
tctagcaaga
aatcctgaaa
tgtgaagcac
ctttgtecta
cttectggaa
gcattcactg
gggacacatt
aacatccacc
ttatgacagg
cctgeegecet
tetecagetg
gaaggacagg
cttcttctece
cccaaatgtg
tgtecccaac
agetgeecgag
cctgttaggg
ttggtggagc
tagcaatctt
agctecatgag
gttagagtgc
aaaggtctcc
tgaagagatt
ccttgtggat
tttgttataa
cttccatatt
aaaatttatt
gctacaaata
agagccgttg
ttttttette
tataacacta
tactgtaatt
ttttgtgtgt

Figure 10 (cont.)

atgaggggca
gactttattc
atcttgaaga
ccaagtecctt
gactttcact
cacaaggcag
aagaaagaggd
cettteectgg
gactacatta
ccacgggctce
aacatcgttt
gtecttactg
ttctgtggea
actgtggact
ttttatagcec
aaaccaaata
acaaagcggc
ttaattaact
agtgggccca
tccattggea
getttectag
cttggtttta
cgccagctga
attgcacact
gttttcattt
cgccttagac
tgcagatctg
gtgttagctc
atgetgtgtg
gcatcaatgt
tggaagataa
gaaatggtcet
tttetatttt
gtgtttttca
gcattcctga
gtatatttaa
aacatggtta
gataaactga
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tggtggcaat
agaagattge
tctcecaacc
ctcagcaaat
tecttgaaagt
aagaagtgtt
agaagcatat
tgggceccetteca
atggtggaga
gtttetatge
atagagactt
acttecggact
cgecggagta
ggtggtgcct
gaaacacagc
ttacaaatte
tcggggccaa
gggatgatct
acgacctacg
agtcccecectga
gcttttecta
aaggatttta
caggacatct
gttegetgga
ttattcttece
ggaggcagga
tctgggetgt
caaagcetttt
aaccgtcgtg
gacacttgca
atttatgtgt
tgcaatgact
tagaaagggt
ttgtttaaaa
taattgtatg
acttacaggce
taatacgtac
ttttggtttg

tetecatceget
caataactcce
tcaggagcct
caaccttgge
gatcggaaag
ctatgcagtc
tatgtcggag
cttetettte
gttgttctac
tgctgaaata
aaaaccagag
ctgcaaggag
tetegecacct
gggagctgtce
tgaaatgtac
cgcaagacac
ggatgactte
cattaataag
gcactttgac
cagecgtecte
tgcgectece
tgtgtgtttc
tacaagagaa
agctttttga
ttccaacgtyg
gtttegttag
gatgacgaat
cctategeag
tgagtgtggt
ggacactaca
agactttttt
cgtattcaga
ttttatggac
tgtcacctgt
tattgtataa
ttatttgtaa
aatcctteee
caataaaacc

1 gagcagcaga atttcaactc cagtagactt gaatatgcct ctgggcaaag aagcagaget

61
121
181
241
301
361
421
481
541
601
661
721

aacgaggaaa
tgtgtgcaga
ttaaagatct
ctgcaatccce
tagcacctga
aaacagcagt
agtcaaaaga
tgggattgaa
caactgaagg
cagagaacac
aaagtatcac
tgaacaggag

gggatttaaa
ggggattcaa
ggaaagcatg
gacaaatgca
caacactgca
atccacagaa
ggaaagccat
ggatcaagag
tacattggac
tgattttttg
aaagagagag
cagtaaacat

gagtttttet
cttcaatttt
aagactgggc
agattattat
atcceccagtt
gacgattccce
gaacagtcag
gacagtgatg
ataaaagaag
gctcctggtg
gaaaaccaag
agccaaggcce

tgggtgtttg
tectgecagtgg
tttttttect
ctgatcatte
taagggctga
accataaggc
cagaacaggg
gtcacttaag
atatgagtga
ttagttectt
aacaacctag
taagggatca

tcaaactttt
ctetgggtece
atgtctcttg
caaaccaact
agctgaagaa
tgaaaaatca
caagagttct
tgtgaatttg
gcctecaggag
cacagattct
aaattattca
aggaaaccaa

attecectgte
agccccettac
ggaactgcag
gctgaaacgg
aatgaaaaag
tcagtactaa
agccaagagce
gagtatgcac
aaaaaactct
aaccaacaag
catcatcagt
gagcaggatc
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781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681

SEQ ID NO:

caaatatttc
atgataacca
aagacaatac
agatgcagga
aaatggaaga
gtcaagaggg
ctgtttctga
atggagttga
acagtgcaag
aatccattge
atataggtac
atgaggagga
gettecagtg
tetgecagga
acaatcagac
ccaaaaaggg

24

caatggagaa
agaaagaaag
ccaatctgat
ggatgaattt
ggaaaatgca
taaaactgge
ggctctgcte
tgatgatggce
tgatgactac
ctatcaccte
cactgagcct
aacgtcaagt
taaaagaggc
tececagtgact
ctatgctagt
gcatcaactc

33/129

Figure 10 (cont.)

gaggaagaag
acagaattgce
gatattttgg
gatcagggta
tegaacgtca
ctagaagcta
atggaaccta
gatgatgatg
ttcatcccaa
aaaattgagg
ggagagcacc
gaaggcaaca
cacatctgta
tgtcctceccaa
tcectgtcatce
cagctggatt

aaaaagagcc
ccagggagcea
aagagtctga
accaagaaca
ataagcacat
tcagcaacca
ctgatgatgg
gcgatgatgg
geccaggecett
agcaaagaga
aagaggccaa
tgagggtgca
aggcagacca
caaaacccct
tattcgetac
attttggage
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aggtgaagtt
tgctaacage
tcaaccaact
agaagataac
tcaagaaact
caaagagaca
taataccacg
cggcactgat
tetggaggec
aaaagtacat
gaaagcagag
tgctgtggat
acagggaaaa
tgatcaagtt
taaatgcaga
ctgcaaat

ggtacccaca
aagcaggagg
caagtaagca
tccaatgcag
gaatggcaga
gaagaaaaga
ccecagaaatce
ggcceccaggce
gagagagctc
gaaaatgaaa
aactcatcaa
tcttgcatga
cctcactgtg
tgtggcactg
ctggagggga

1 cggataagga caaaaaacgc cagaagaaaa gaggcatttt ccccaaagta gcaacaaata

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
261

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

SEQ ID NO:

tcatgagagc
aacagttagce
ccagaagaag
cagcatatag
tggggatccg
aatggcacta
agagcatgece
caagttacac
tgcattcata
ctacccacce
ccaatgttgg
aaaggaaaca
ttaatatgaa
acagaggacc
gtccatgtaa
taggaactaa
ttttagaaga
gaatgactgt
taaacctgtt
aacctcatca
cataaatgtg
ttattattat
agcaggagcet
gcagetttece
atcagaaact
acagagttcg
aaaaaaaaga
gaattcttct
ttgtcaaatt
ggtgttaagt

25

atggctctte
gcaagacaca
aatagtacag
tccagagggt
gcectgecagga
catgtaacct
aggggactac
tccteceeag
tttgccaagc
tggaatgact
cggacaggtt
cacgcaaaaa
attccagaca
aatgcaacaa
agatcctetg
gttaaacttyg
gaaaaaaaaa
tttggttcat
gggccaatga
ctcgaactcece
tcctttagtt
ttttggggga
tettccagga
tcaacacaaa
caaagcttgg
gtctattaat
atgtttttgce
tttectcagea
tacattaaaa
cacaaaaagc

cagcatctca
ggacttacaa
cccatgattg
cagcccatgg
cctatgagtg
tcatcatgta
gtttctecagg
atgaccccac
catccccacce
atgtcagcac
atggacattce
ctattttaag
gctgtgatta
gaacacaaat
gaaaaagact
tacatttctyg
tatatccttg
cagtgaattc
gaaaagaacc
agcttcaaga
tcaaacagat
ctcttcttea
gttctgagece
aaaaagttat
gggataaaaa
tgtttcatgt
tagtatcaga
cgtgttecte
tacttgtatg
ggtaataaat

cacatccgta
ttcteccaagt
accagtcaaa
ggagctttgt
gaatgggcat
aagcaatcge
gtggtecctat
accctactca
acccagccat
agagccccac
atgcccaata
actttctgaa
ttttttactt
gtgaaatcat
ccgagagtta
ttgatcacgc
ttttccacac
accatccagg
acactggaga
atgtgtttte
ctttatagtt
aagagcttge
ttggttgtgg
taatggtcat
ggagcaagag
tagatattct
tctgetgtgg
actagaagaa
aggactgtga
atttcatttt

cccttecgaa
aaacaactgg
tcgagecagtg
gttggatggt
gaatatgggc
aaagcaaggg
gggaatgagt
attaagacat
gatgatgcac
aatgttaaat
gtataaggga
ctttgaccag
ttgtcatttt
gggctgactg
taactactgt
cgttatgttg
tatgtgtgtt
agagactgtg
tcatgatgaa
atgcccggec
cgtgcettcat
caatgaagat
acaaaacaat
tgaaccataa
aatactgtaa
atgtgtttac
aattggtatt
aatgetgtta
cgttatgtta
tgattttt

gagcagaadga
tttattaatg
agccaaggag
cagcaacaca
atggatgggce
ggaagtttgc
atggcacagc
ggacccccaa
ggaggacccce
tctgtagatc
actcaaggga
atgttgacac
tcatcaagca
agacaattct
agtataaata
cctcaaatag
gttcccaaaa
gtatatattt
cttttggetg
tttgttecte
aagccaattc
ttaaagacag
cttaagttgg
ctaggacttt
caaacttcgt
ctcaattgaa
gtatgtccat
cctttaaget
aaaaaaaaaa

1 agcacactga ggaggcgatc cgccagcagg aggtggagca gctggacttce cgagacctce
61 tggggaagaa ggtgagtaca aagaccctat cggaagacga cctgaaggag atcccagecg
121 agcagatgga tttccgtgcc aacctgcage ggcaagtgaa gccaaagact gtgtctgagg
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181

241

301

361

421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le8l
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121

SEQ ID NO:

aagagaggaa
ggacttccaa
ttcgctecagt
agaccctgaa
ggcccttgaa
ccaagectge
ccgctagcaa
atgcagggac
agcagaagct
tgtcttetga
ccaagttcat
tgcctgagga
gctcetgeeca
tgaaatcceg
ctgtgaaaaa
tccagttccee
tgacaggcac
gcgagecacat
gccaggagca
cccaggtcaa
ctgacatteg
gtgctgtaca
tagccacatg
agttccgtgt
tcacaacggt
atgagaagga
ctgacttcta
ttgtagaaaa
aagagaaaga
tggtccagtg
tgtcaggagg
agtgcatcaa
tegtgecaccet
tcaagctcat
tctttggcac
ccacagacat
teatgggaga
acgacgaggc
agaaagatat
aagataccaa
caagaaggaa
tggcaatgat
tcaatgcaga
ctgaggaaaa
tggagggaag
tectggttcaa
aggacgggaa
cctgecaagge
cgatggagga
agcagtttct

26

ggtgcacagce
gaccecegtg
gctgggtgge
tgccaaggca
acccgtggge
cgagaccctg
agaagaactc
cacagataat
gcaagatgtt
cceeceagee
catcctetcece
cagaggctta
agtcaccgtg
gaggcccaag
gaaacctgcc
tgaggaccag
tcagccecate
gaaggtggag
ctgcggctge
cctcactgte
gagctcctea
gtecectacage
ccgcagcacce
acgtgcaatc
aggagagaaa
gcccgaggtt
cgacattgag
gaaaactcga
gaatatccgg
tgtggatgcecc
ggagctgttt
gtacatgcgg
ggacctcaag
cgactttggt
cccagaattt
gtggagcatc
caacgataac
attcgatgag
gaaaaaccgce
gaacatggag
atggcagaaa
ctcagggcete
aaaactagaa
gcctcatgta
tgctgctaga
agatgaccag
ctgctcttta
tgtcaacagt
aggtgaaggg
aagtcatatt

34/129

Figure 10 (cont.)

ccceagcagg
cctgagaagg
aagaagaaat
gtggagagtt
aacgccaagce
aagcceatgg
aagaaagacyg
gaaaagagat
catgtggcag
accatcatct
caggaaggct
tacaagtgtg
gatgatgctc
agctctette
cccaagacac
aaggtacgcg
acctgtacct
aacagcgaga
tacacactgc
gtggataagc
ctgaccctgt
atcgagatct
tctttecaacg
aacgtgtatg
cctgaagagce
gattaccgga
gagagattag
aaagtctggg
caggagatta
tttgaagaaa
gagcgcatca
cagatctcgg
ccggagaaca
ctggccagga
gtggctccetyg
ggggtcatct
gaaaccttgg
atctccgacg
ctggactgca
gccaagaaac
acgggcaatg
agtggcagga
tctgaagaag
aaaccctatt
tttgactgca
tcaatcaggg
attattagtg
cttggagaag
gaaggggaag
aaaaggacta

tcgatttteg
tgccaccgee
taccagcaga
ccaagccect
ctgectgagac
gcaatgccaa
ttaagaatga
cagagagcca
agggcaagaa
ggacgctgaa
cactctgcete
tagccaagaa
cagccagtga
ctececegtget
cteccgaagge
caggagagtc
ggatgaagtt
atggcagcaa
tggtggagaa
cagaccccce
cetggtatgg
gggactcagce
tccaggacct
gaaccagtga
cgaaggatga
cagtgacaat
gatctgggaa
cagggaagtt
gcatcatgaa
aggccaacat
ttgacgagga
agggagtgga
tcatgtgtgt
ggctggagaa
aagtgatcaa
gctacatcct
ccaacgttac
atgccaagga
cgcagtgect
tctccaagga
ctgtgagagce
aatcctcaac
atgtgtccca
tctctaagac
agattgaagg
agteccegceca
atgtttgegg
ccacctgceac
aggaagaaga
tttectctaaa

PCT/US02/24567

ctctgtectg
aaaacctgcee
gaatggcage
gagcaatgca
cctgaagcca
gcctgatgag
tgtgaactgc
ggggacagcce
gctgetgete
cggaaagacce
cgtctccatce
tgacgctggce
gaacaccaag
aggaactgag
agcaatgcce
agtggagctyg
ccgaaagceag
geteaccate
caagctgggce
agctggcaca
ctcecteatat
caacaagacg
gcetgectgac
gccaagccag
agtggaggtg
caatactgaa
atttggacag
cttcaaggca
ctgectecac
cgtcatggtce
ctttgagctg
gtacatccac
caacaagacg
cgcggggtet
ctatgagcec
agtcagtggc
ctcagccacc
tttecatecage
tcagcatcca
ccggatgaag
cattggaaga
agggtcacca
agettteett
cattcgegat
atacccagac
cttcecagata
ggatgacgat
agcagagctc
gtgaaacaaa
actc

gccaagaagg
accceggatt
agcagtgecyg
cagccttcag
atgggcaacg
aacctgaaat
aagagaggcc
ccagccttea
cagtgcecagg
atcaagacca
gagaaggcac
caggcggagt
gccccagaga
agtgatgcega
cctcagatca
tttggcaaag
atccaggaaa
ctggecegege
agcaggcagg
cettgtgect
gatgggggca
tggaaggaac
cacgaatata
gagtctgaac
tcagacgatg
caaaaagtat
gtetttegac
tattcagcaa
caccctaagc
ctggagatcg
acggagcegtg
aagcagggca
ggcaccagga
ctgaaggtec
atcggctacyg
ctttcccect
tgggacttecg

aatctgctga
tggctaatga
aagtacatgg
ctgtecctceta
accagccege
gaggctgttyg
ttagaagttg
cccgaggttg
gactacgatg
gcecaagtaca
attgtggaaa
gccagagaaa

1 ctecteccaac cgcctcegteg cactcctcag gectgagagca ccgctgcact cgcggccggc
61 gatgcegggac cceggegegg cegetccget ttegteectg ggectetgtg cectggtget



WO 03/012067

121

i81

241

301

361

421

481

541

601
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721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le81
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301

ggcgetgetg
catctcegtg
cgcctacaac
cctcgaggtg
tttettatge
tegttctetg
ccagtggcece
cgtgggcecag
taccgegecce
cagggggcgt
gggctaccgce
cggcctgaty
gtcegtgetg
gegettecage
cgtggcgcecac
ggacgatggc
catggtgetc
ttggttcctg
cttccacctg
ccaggtagac
gctgegggge
gctggecgge
gaccgagaag
gccegcecace
gcgcaccetgg
cececgececatg
cggcatcace
ctaccacaga
ccacctttee
gggtgggggc
aagttctttg
gtttggatga
atcgtcaaag
gtgagtttct
cgagtggcct
ctgctttgtt
ataatctctt
attacggtct
tcttgtaaaa
gatgcaaaag
ttttgctact
gtctaatacc
cecttgtett
taactgtgac
ttgttaattt
cacacaccgt
ctgttttaaa
ggaaatctct
atttttttct
taaaggaaag
catcaatctg
ggaggegatc
tttaaagaaa
tgctggaaga

ggcgcactgt
ccggaccacg
cagaccatce
caccagttct
tccatgtatg
tgcgagegeg
gagcggcetge
aacacgtcgg
tacctgeccgg
ccegeettee
ttectgggtg
tactttaagg
tgctgegect
tacccagagce
gtggccgget
taccgcacgg
tacttetteg
gcggeeggea
gcecgegtggg
ggggacctgc
ttegtgetgg
ttegtgtece
ctggagaagc
atcgtcctgg
ctcectgcaga
agcccegact
actggcttet
cttagccaca
caccccagcec
ctgtttetgt
cagatttggg
aaagatttca
gtacgggcca
cececggetecyg
gtccagacce
ggaaagaggg
ttcactgggg
ctcetceeet
taagcatttg
aaatgatgat
ttttcatttt
ctgaaaagaa
tgttgtaaga
gaaagcaact
ggttgagata
taagccagag
taaatttaat
ccctteattt
ccecatttgga
ttaattaaaa
tttattaaac
agcagatace
gtcattaaaa
cttaaattta
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Figure 10 (cont.)

ccgegggege
gcttetgeeca
tgcccaacct
acccgetggt
cgcecgtgtg
cecegecaggyg
getgegagaa
acggctcegg
acctgceett
cctteteatyg
agcgcgattyg
aggaggagag
cgacgctett
ggcecatcat
tecttctaga
tggcgcaggy
gcatggcecag
tgaagtgggg
ccgtgecege
tgagcggggt
cgeetetgtt
tcetteegtat
tcatggtgeg
cectgctactt
cgtgcaagag
tcacecgtett
ggatctggte
gcagcaaggyg
ctcttgcaag
aactttctece
gcgaggggtyg
ggcaaagact
gcttgtgect
aggctgaacg
ctgtgaggcece
agggcctcecct
ccaaactgga
gcceccteee
gaagtecttgg
aacattttga
ctggggaagg
gtgatgactt
gacaaaagag
tttataggca
aacattcctt
gttctgactt
tcggaacaca
actttttett
tcctttgagg
aaaaaaagca
atcatccata
atagtgaacg
gaaggtaaac
ttaatcttaa

¢ggggcgcag
gcecatctee
gectgggecac
gaaggtgcag
caccgtgetce
ctgegaggeg
cttececeggtyg
gggcccaggce
caccgcegetg
ccececgteag
tggegecceg
gcgettegee
taccgttctce
cttectgteg
ggaccgcgec
caccaagaag
ctccatctgg
ccacgaggcec
cgtcaagacc
gtgctacgtt
cgtctaccte
ccgeaccatce
categgegtce
ctacgagcag
ctatgcecgtg
catgatcaag
gggcaagacc
ggagactgcg
aggagaggca
ccectetactg
atttggaaaa
tgcaggaaga
aatagaaggt
gggactgtga
ccgggaaagyg
geggtgtget
gcccagatgg
geectgttttt
gaggcctgec
gataaggcca
caggaggcag
gttgetttte
gaaacaaaag
aagcagcgca
tttaaggaaa
cgctaaagga
tgatccaaca
gctataagcc
taaaaaaaca
aagagccatt
tgetgaccect
aagaggaagg
ttcaaagtga
atcatgtact
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ccgtaccacyg
atcccgetgt
acgaaccaag
tgttctceeg
gatcaggcca
ctcatgaaca
cacggtgcgyg
ggcggcccca
cceeeggggyg
ctcaaggtge
tgcgaaccgg
cgcectetggg
acctacctgg
ggctgctact
gtgtgcgtgg
gagggctgca
tgggtcattc
atcgaggceca
atcactatcc
ggcectctccea
ttcataggca
atgaaacacg
ttecagcgtgce
gccttececgeg
ccctgececge
tacctgatga
ctgecagtcegt
gtatgagccc
cggtagggaa
agaagtgacc
gaagacctgg
tgatgataac
tgagaccagce
gegatccccee
tacagcccetyg
tgtcaagcag
gttaatttce
cctececgtac
tgctagaatce
aggagacgtg
aaagacgggt
zaaacaggaa
tgtctceetg
aatctgaggt
agtgaagagc
aatgtaagag
gactatgtta
tatatttagg
taatgtcttc
ttgtcctgtt
gtctetgtgt
tttgaaccat
ttctggagtt
ttttttetgt

gagagaagyg
gcacggacat
aggacgeggg
aactccgett
tcecegeegtg
agttecggett
gcgagatctg
ctgcctacce
cctcagatgg
cceegtaccet
geccegtgecaa
tgggcgtgtg
tggacatgcg
tecatggtggce
agcgcttete
ccatcctett
tgtctctcac
actcgcagta

tggccatggg
gtgtggacgce
cgteccttett
acggcaccaa
tctacacagt
agcactggga
ccggcecactt
ccatgategt
ggcgecgcett
cggccectee
aagaactgct
tggaagtgag
gtggaaageg
ggcgatgtga
agagactgcet
tgctgeaggg
tetgeggtgy
tggtcaaacc
agggtcagac
tgectttecagg
ctaatgtgag
gagtaggtat
gttttatttg
tgecattttte
tggaaaggcea
ttcecegttgg
agtgtgctgt
gttttgttgt
aaatattcag
tttettttet
agcctcataa
ttettggtte
ggttgggtty
gggcccceate
ctttgaaatyg
aatagaactc
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3361
3421
3481
3541
3601
3661
3721
3781
3841

SEQ ID NO:

ggattctttt
cacctttgac
atgccaatca
tgagtggaac
aactatctca
tatcttttaa
aaatctcccea
tgttttgttg
tttttaaata

27

gcatgatggg
actaccctcee

tagagggtac
tgctttttac
tetgtcagat
gtgcatgtga
tttttgtaag
gctttaaagg
c
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Figure 10 (cont.)

gtaaagctta
aatcttgcaa
tgtaaagtgt
attaaagtta
ttttaaaact
aatttgtaaa
aaaatatata
tctacceccac

gcagagaatc
cactatcctg
acaagttact
aaatcgatct
ccaacacagg
atagagataa
ttgtatttat
tttatcacat
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atgggagcta
tttctcagaa
ttatatatgt
tgtgtttectt
ttttggecatce
gtacagtatg
acatttttac
gtacagatca

acctttatcce
cagtttttaa
aatgttcact
caaccttcaa
ttttgtgetg
tatattttgt
tttggatttt
caaataaatt

1 ggggcteggg acggceggge tgggagetgg agcoccacagce gggaageogge cgecgocegyg

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961

1021
1081
1141
1201
1261
1321
1381
1441

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901

gecctegecagyg
cgecgeggace
gatggggctg
ccaccacagc
ggatccccac
ggtgactacg
caaatacgta
gggaattcte
gacctgecta
cattgctcca
ccaggattga
attataacat
attaagatga
tctaattaat
acaccactta
tgatgaactt
aacttcccat
ctttttaaat
gaaattgcag
taaatatgaa
tatttaacaa
tecagattgcet
taaatgtagce
gcatttgtac

28

gtttagaaca
agccagatcce
tgcagaactc
acgaatccat
ccactggtaa
taacgactac
agcatgaaac
cccagattte
ccacgtcatg
tggagtactt
cagaagcagg
ttgggctget
gceccectgga
gagaagagat
cccggeaaga
aaatgattga

gctaggcgag
gggagccgea
gagacggaga
ggcctegagt
cggctcaact
cactcctttg
atgtacaagt
tttgecaccc
atggttetge
ttgtgtacga
atacttggac
aaaagcacca
gcaaccacat
agccaaagat
gatttaaagg
ataatgatta
taaaaatgag
tacctttaca
taacaaaagc
agtagattca
gatgtttecat
taaaagcatt
tcececacaagg
atcttetttg

gcctacagac
tagtcagtgg
cccacccecte
ggatccettt
tcacgttaat
tgaacaagtg
tecagtetete
agacatttct
tggtcagaaa
tgaatgttcc
catagagaag
ggagtecctet
tgggatctge
aattactaaa
agttttggag
tgaacaaagg

gcgagggggyg
ccgegecage
aggcggacgt
acgcecgaccce
cgcatctcaa
acaaagtgtg
tcectgacggt
tecagectgtet
cttcagtgca
gcgtaggacg
ccecaggtetg
ctgttetgtt
ttagaaatgt
ttcatatcta
cagacagttt
agggacattt
atttcttatt
tatatagtca
acacaacgat
tgaaaatgta
tttactgtat
tttattatat
taaacttcat
gaaataaaag

ccagtggcac
gaaagcccca
tettetgagg
aaaccaacta
gaaatcttag
aaatttctct
gecctggatg
aatagggatg
tcagctggtg
aatgttcetg
gagacgtgece
gcagagaagg
ctcagcgaat
gagattgaag
atgaggaaaa
acaagtatga

geggggecegg
cgggctgcag
acagctcttce
cgagaagtte
getgggette
gatctgecage
gttectggece
gecacatetgg
gacaatatgg
atgcttctcet
gagattggga
catttectag
ttattgacag
actttgtaac
tgctttagta
ctataaaaat
tgtttgtectg
ctggcatact
tatagtaact
ttcectttaaa
attttgtagt
ttatgttgtt
tggtaagatt
ataaaa

gagacgggcc
gcttcaaccc
gectectaccea
cgaccttaac
aatcacccaa
gttttetgtt
catgttecteg
gcecatgctac
ccgaggtgaa
tgtctaccat
agaagatgga
ccectgtgte
cagacaagac
caaatgaatg
ttgtagctga
cctetecagaa

gecgectacggg
cggcecgegcea
atggacgacg
gcggactegg
gaggatgtga
catgcecctet
attccecectgg
attttaatgc
aagagtgtga
tetgtcagece
tactgtaata
ctgttctaat
gtcttttcaa
cagaattata
caatagtata
actacaatag
tttttactct
gagaatatac
ataagataca
atattgtttt
taatataaat
gaactaatat
gcactgttct

tctctcccaa
ctttgggagce
ctttgacccea
aagcagtgac
gaaggcaaag
gagtggctgt
ggatgaaggg
tgatgaggag
aggtgagcca
aaatcatgcg
agaagacggg
ggtgtectgt
agccgtgcte
gaagaagaaa
atatgaaaag
gagcttccag

aaggggagge
ccaaggctgce

actcctacag
accaggaccg
tegecagagcec
ttgaaatcag
cctteattge
cttttgtaaa
cagatgttat
tgcaactgag
cttetttgtt
taagaaaact
ataatgettt
cagtaagttg
cattttataa
ttttatgcecac
gggagtaata
aatgatcctg
ataaaacaaa
cctacaggec
gttgctctaa
atgaaataag
gattatgtaa

acatcttcca
cactctgttce
gataactttg
ttttgttete
tcgegtttaa
aaggtgaaga
gecagtgatct
aaactggcat
gaggaagacc
ttttcatect
tecactgtge
ggaggtgaga
accttaataa
tacgaagaga
actattgcte
caactgacca
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1021
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1141
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2041
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2221
2281
2341
2401
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2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081

tggagaagga
tcaggagata
tgaagaaatg
ccctgaaaat
gaacaaaagc
aggtggagtc
aaatctgtga
gctcaacaga
gaataattge
cctgteccege
ctagaaagga
cttaggctge
tttecceccaaat
ttttttgtga
agtttggect
attacacaca
aagcatagtc
attttgaaat
gaagaccaca
cectggtatt
gactaatgat
gtttggcaag
tcaacattta
aagtatgtga
cacattacca
agatgttgaa
agcagtaaaa
agacagcttg
aaattccteca
aatttttcca
tgcaagtgtt
tatgcactat
ccaacttcag
attctttagce
gtecttttaaa
ctgtatattc
gtcatttgag
atgaatgctg
ttteettttt
tgattgctaa
gatctgtttt
ttaagcttat
cctagcacac
acagggagca
gttatgagga
aatcgtagcet
tttctttaaa
ctcaacacat
agagaaaaag
ggcaggagga
tgtctctace
ttgggaggct
tgcactceat

acaggccctg
tgagaacctg
tgetcaggat
ccacgcagaa
aaaggctgag
cctggaaagg
tgagctgatt
tctgecatttg
ccctttgeag
tttgctgeca
gtgtgacctg
tgagtttggg
gtgttaaatt
tctgtttaat
attgttactt
ctectecacaca
aagtaagaac
agagtcctga
gtcttgggtt
tggacactcce
agtgtctget
tctgcectag
gtcttcatta
agaaaatcta
attataaggt
aagaaagcaa
gtcacatgaa
ttgaatactg
agctettact
tataaatctc
ttaaagcact
attcagtata
caatgaattg
agtgtattac
gccagaagtc
aagcectgttg
aagtggcttg
tectagtggt
agtcctctac
atctttttge
aagtatgaga
tgtgtttaag
tggtggaaga
ccaaaggacc
aatatcccce
tgtacagatce
aataaaggat
gtgagggcca
ggcegggeac
tcacttgagt
aaaataaaaa
gaggtgggag
cctgggtgac
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Figure 10 (cont.)

gctgacctta
aaaggtgttce
tacttagcca
gagaaactgg
agtgcagetc
gcecectgeagce
gcaaagctgg
getgettete
agaaaaaaaa
atgcaacagc
acagtgctgg
tttgtgattt
tgtaactcet
cttttaattt
ccaatttata
catacatgta
tgctctacag
ctcagaacac
ttcatatctg
tcagetttaa
ttectgcatga
agtcatttac
tctttttttt
cttgtaaaag
gaagaaatgt
aaaatacctt
ccactccaaa
agaagaggag
ggactcagtt
aatgaattcc
gtcctgtcett
cgtatgtttt
tgcectagtgg
tcacatgggt
acattttacc
tecttaacatt
acaatcattt
catagtacca
tgctaaataa
tgctgtgttt
ggcttatagt
aaagtagcta
gaccccttaa
ttcgttaagt
attcgaactt
aagagaatat
tttggaactc
aataacctgc
agtggettat
ccaggagttt
ttagctgggc
cctgggaggt
agcaagatct

actctgtgga
tggaagggtt
gagttaaaca
acaaagccaa
tccatgetgg
agaagaacca
gaaagactga
ttgtgaccac
aaacttaaaa
cctggaagaa
agcctcctag
atctttagtt
ctttggggtce
tttagtatca
atcaagaagg
tgtttataga
aaggacatat
caacttaaga
gagaagacta
tgggtgtggce
acggcaatat
tctectetge
tttttttgag
gctcagatct
ttttttccca
ctaacttaag
aatcagtgca
tgcaaggaga
cagagtggtg
ctttcatttyg
aatcttacat
cctacttete
agaacctcta
gcaatcttta
aatatgcatt
ttgtataaaa
gagctttgaa
agggcacgtg
gttaattttg
tggtgttttc
gcectecatt
tgtgttaaac
gaacctgacc
gataattgtc
aacagatgcc
actgggcaga
tggagagtaa
tagctaggca
tcectgtaate
gaaacctacce
atggtggcac
caaggctgca
tgtecte
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aaggtccctt
caagaagaat
agaggagcag
tgaagagatt
actccgcaaa
agaaattgaa
ctgagacact
aattatcttg
aaagcacatg
accctagagg
tttceeccecta
tgttttaaag
ttctecacca
gtggttttat
ggctctggat
tgctgetget
tteccttggat
atttggggga
tttgccatga
ccetttaggg
gggactccct
ctcecatttgt
acagagtttc
taattaaaag
agtgtgatgce
acagaatttt
ttttgecatat
aggtctgtac
ggccattaac
aataggcaaa
gctgaaagtce
ttgtaaaact
tagatcttaa
gccccaggga
tatcataatt
aagaacaaca
agcagtcact
tcteeccttyg
cattttgcag
atgtttactt
gtaaatccat
agaggtgatg
ccagtgaatg
ctggcectcte
tecectetceeaa
atgaagtatg
gaatatagta
gtaataaact
ccaacactgt
taggcaacat
gtgcctgtgg
gtgagcceatg

tctgatctct
gaagaagcct
cgataccagg
gcteaggttce
gagcagatga
gaactgacaa
cceectgtta
ccttatccag
cctactgcectg
gttgcatagt
tgaaggttcce
tcatctttac
cctgtetgat
ttaaggagac
cceccttttaa
cttttecctg
gtgagaccct
ttaaagatgt
cgttttgttg
ttagtectca
ccaagctagg
taatacagaa
gatctatttt
gtaattgtag
attgttettce
taacaaaatg
ttttaaacaa
taacaaagcc
cccaacatgg
cccaaatcca
ttcatggtga
gttgcatgat
aaaatgaatt
ggtcaataat
ggtgcttagg
gaaattatct
gtggtgtaat
gtataactga
aaagaaacat
gttttatatt
agtcatcttt
gcagecettce
aagctgatgce
agccatgacc
agagaattaa
tttgtttatt
tagagtttgce
ctgttacaga
ggaaggccga
ggtgaaacct
tceccagcectac
atcatgccac
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SEQ ID NO:

29

38/129

Figure 10 (cont.)

PCT/US02/24567

1 cgagttccec gaggtgtacg tgcccacegt cttcgagaac tatgtggecg acattgaggt

61
121
181
241
301
361
421
481

SEQ ID NO:

ggacggcaag
cctgeggeceg
cccggacteg
caatgtgccc
cacagagctg
cgtgegeate
cgaggtctte
ctgcatcaac

30

caggtggagce
ctetectace
ctggagaaca
atcatcctgg
geccegeatga
caagcctacg
gagacggcca
tgctgcaagyg

tggegetgtg
cggacaccga
tcccegagaa
tggccaacaa
agcaggaacc
actacctecga
cgegegecge
tgctatgagyg

ggacacggcyg
cgtcattcte

gtgggtccce
aaaagacctg
cgtgcgcacg
gtgetctgee
gctgcagaag
gecgegeecy

ggccaggagyg
atgtgettct
gaggtgaagc
cgcagcgacg
gatgacggcc
aagaccaagg
cgctacgget
tegegectge

actacgaccyg
cggtggacag
acttctgtec
agcatgtccg
gcgccecatggce
aaggcgtgeg
cccagaacgg
ccetgeecgge

1 cggggagacc atggggccec tctcagceccce ttcctgeaca caccteatca cttggaaggg
61 ggtcctgete acagcatcac ttttaaactt ctggaatcecg cccaccactg ccgaagtcac

121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021

SEQ ID NO:
1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081

SEQ ID NO
1

gattgaagce
tttgceccecag
ttacattata
aagagaaaca
aggaacctac
tttecacctte
ttacggttca
gtatttttgg
aattactaga
ggaaatctcec
gtttcagtca
gaaattcaag
atgttttecat
tttatgaact
tatttgettt
taggtttatg

31

gcaccaacca
gcecatccgcece
ggggacgctc
gactttccea
atecttgtgct
cgtgtggaca
tacaatccag
aagctctact
gtagatttte
gacgccttcece
gcctacatga
ggcaacaagt
gccecaggetg
tectgtttat
ccctgteeca
tecececatcatt
tgtctgettt
tgttgcatga
gcctaggect

132

ttecaggaacc

cagccaccca
aatcttectg
tcgtatatag
gtatattcca
accttacaca
accttatact
ggagaaaacc
acaattaatg
aatcatagcg
aaatccatga
tgactgcaac
acaaagaaga
aattttttat
ttttttette
tgctgtctat
gtaataaagt

gcaccatgce
tgctcctgga
ctgattatga
atctgececta
acattgcccg
ttttggagaa
aatttgagaa
cagagtttct
tcgtctatga
caaatctgaa
agtccagccg
agggccttga
tgcagegcag
tceceatettt
tgcaggccct
acccttcect
aaagcctgee
aggagcagca
acctgatgga

ggtttggtge

aagtttctga
gctacttetg
ttgatggtaa
acgcatcect
tcataaagcg
atggtccaga
tcgacttgte
ggaagtttca
ggctctatgt
cagtcaaagt
aactgagaca
aaaaaactca
tggaaaatgt
agcaattggt
ctgaatgeccc
tatttgcaca

catgatactg
atacacagac
cagaagccag
cttgattgat
caagcacaac
ccagaccatg
actgaagcca
ggggaagcgg
tgteccttgac
ggacttcatc
cttccteeca
aggcaggagg
ctggactctg
actcccaaga
ttgaagcctce
gcactaaagc
tggcececeteg
ttgactggtt
agtaaagcct

tggtgetgga

ggggaaggat
gtacaaaggg
aataattata
gctgatccag
aggtgatgag
cctecccaga
ctgetteacg
gcaatcagga
ttgctctgtt
ctetggtcee
ctgagaaaaa
atgttattgg
gctgattcett
aaagtatact
cagaattgtg
tgttccgtag

gggtactggg
tcaagctatg
tggctgaatyg
ggggctcaca
ctgtgtgggg
gacaaccata
aagtacttgg
ccatggtttg
ctccaccgta
tecegetttg
agacctgtgt
tgggagtgag
catcccagea
ctteattgtce
agctacccac
cagcctgacc
cetgtggage
tacaggccect
caaccac

ggeggctatg

gttcttctac
gaaatgacgg
tatgggecectyg
aatgtcaccce
actagagaag
atttaccctt
gaatctaacc
caaaagctct
cataactcag
tgccatggag
gaacaggctg
actaaataat
tgaatgtttt
tttgtaaaca
aaactactca
ttt

acatccgegg
aggaaaagaa
aaaaattcaa
agatcaccca
agacagaaga
tgcagctggy
aggaactccc
caggaaacaa
tatttgagce
agggcttgga
tctcaaagat
gagccecatac
cctgectect
cctetteact
tatccttegt
ttccttectg
tcagcceega
gctectgeag

getttggagg

ttgttcacaa
acctctacca
catacagtgg
ggaaggatgce
aaattcgaca
cattcaccta
cacecggcaga
ttatceccecca
ccactggcaa
acctgacaga
ataccttcat
caaaaggata
attctccaga
aaaattgaaa
tgagtactca

getggececcecac
gtacacgatg
gectgggectg
gagcaacgcc
ggagaagatt
catgatctgc
tgaaaagcta
gatcactttt
caactgcettg
gaagatctet
ggctgtetygg
tcagcctgcet
cgttecttte
cccectaaac
gaacatcccc
ttagtggttg
gctgtecceg
catggtccet

tggtgecggt
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61
121
181
241
301
361
421
481
541
601
661,
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661

SEQ ID NO:

1
61
121
181
241
301
361

agtggatttg
tttggaggtyg
gtcactgtca
agggtgagga
atcgacaagg
ctgcaggagc
atcaacaacc
gagctgagaa
aacaagcgta
tacatgaaca
atgaagatgt
gtggtectcet
aaggcccagt
accaagtatg
aagcatgaga
gtcaagaaac
ctggccectca
aagcaggaca
ctggacgtgg
ggagaaggag
ggcagtggca
ggtcttgeceg
ggtggtgggc
gtgggcetttg
tecteccgga
gcaacccagc
ttetggagag
gcecccecattece
ttcaggtttce
aatcatcaaa
agaatgtgt

33
agtgatcagg
caaccctatc
gaaggatata
cgttggagga
catcaccctce
cctgaaccac
gtgctacate
caacgggcac
gtaccgecgge
cctccaacgce
tctgacatce
tatg

34

tgtegeecacce
getgtgegeg
gggggcgecc
cgagttectce
tetggtgeece
cctgaagaca
caatgagtgc

gttteggegg
gctteggtgy
accagagtct
ccgaggageg
tgcggttect
agggcaccaa
tcaggaggca
acatgcagga
ccactgctga
aggtggagct
tetttgatge
ccatggacaa
atgaggagat
aggagctgcea
tectetgagat
agtgecgccaa
aggatgccag
tggccegget
agatcgccac
ttggaccagt
gtggctatgg
gaggtagcag
tcagtgtggg
gcagtggegg
agagcttcaa
ccatggagat
tagtctagac
cagcecetgg
ccacagcatg
acagaatccc

gccaaagcgyg
aagaggatcc
gagtttatct
aagaaggaat
tgtgacttca
aggtaccaga
tceteceegg
caggccaagt
gcggegeccece
ccectgtggec
cttectggaa

atggetecege
ctgtegetge
caggggcggyg

aaggcaggga
gtgcccacca

gtgcagctga
agccaggatyg
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Figure 10 (cont.)

tggagctggt
ccctggettt
cctgactecec
cgagcagatce
ggagcagcag
gactgtgagy
gctggacagce
cctggtggaa
gaatgagttt
ggaggccaag
ggagctgtcecce
caaccgcaac
tgccaaccge
gcagacagcet
gaacecggatg
tectgecagaac
gaacaagctg
gctgegtgag
ttaccgcaag
caacatctct
cggtggectce
tggaagctac
gggetctgge
gggtagcagce
gagctaagaa
tgcectettct
caagccaatt
tctececgtge
gcecectgetg
caccccaatc

tcagtgagaa
agtatgagat
acacggcccc
atctecattge
tcgtgcectyg
tgggctgcega
acgagtgect
tcttegectg
ccaagcagga
aactgcaaaa
acagcatgaa

accgeeccege
ccgtecgege
tgcececgaggce
aggagcctgg
acctttatgg
ggaacggaaa
agagcgggge

ggtggctttg
cctgtctgec
ctcaacctge
aagacccteca
aacaaggttc
cagaacctgg
atcgtggggg
gacttcaaga
gtgatgctga
gttgatgcac
cagatgcaga
ctggacctgg
agcecggacag
ggccggcatg
atccagaggc
gecattgegy
gccgagetgg
taccaggagc
ctgctggagg
gttgtcacaa
ggtggaggtc
tactccagca
ttcagtgcaa
tcecagegtea
cctgetgcecaa
aggcagttgce
gcagaaccac
cgcagttcecta
acacgagaac
ccaaattttg

ggaagtggac
caagcagata
ctceteggea
aggaaaggcc
ggacaccctg
gtgcaagatc
ctggatggac
catcaagaga
gtttctegac
aaagcctccea
taaaacactc

gccegegetg
ggcecactgeg
gcggcccaac
cctgcagatc
agacttettc
tetgecagtat
ggecgecatc
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ggcteggtgg
ctcetggagg
aaatcgaccc
acaataagtt
tggacaccaa
agccgttgtt
aacggggcecyg
acaagtatga
agaaggatgt
tgatggatga
cgcatgtcete
atagecatcat
aagccgagte
gegatgacct
tgagagcecga
atgcegagea
aggaggccct
tcatgaacac
gcgaggaatg
gcagtgtttc
ttggeggegy
gcagtggggg
gcagtggccg
aatttgtete
gtcactgect
tcaagccatg
attctttggt
tattctgett
ccaaagtttt
ttttggttct

tctggaaacyg
aagatgttca
gtgtgtgggg
gagggggacg
agcaccaccc
acgcgcectgece
tgggtcacag
agtgacggct
atcgaggacc
agggtttcga
atceccatggg

ctttgegege
tcgegggggg
agcatggtgg
tggegtgtgg
acgggcgacg
gacctccact
tttacegtge

cggagetgge
tatccaagag
cagcatccag
tgcctectte
gtggacccetg
cgagcagtac
cctggactca
ggatgaaatc
agatgctgec
gattaacttc
tgacacctca
cgctgaggtce
ctggtatcag
ccgcaacacc
gattgacaat
gegtggggag
gcagaaggec
caagctggcc
cagactcagt
ctctggatat
cecteggtgga
tgtecggecta
agggctgggg
caccacctce
tccaagtgeca
ttttatcett
tcccaggaga
caaatcagcc
cccaaatcta
aactacctcecc

acatttatgg
aagggccetga
tctegetgga
gcaagatgca
agaagaagag
ccatgatcecc
agaagaacat
cetgtgegtg
cataagcagg
ctggtecage
tccaaattaa

tgtcectgge
cgteccagge
tggaacacce
agaagttcga
cctacgteat
actggetggg
agctggatga
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421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

SEQ ID NO:

ctacctgaac
cctaggctac
gcacgtggta
ggteegtgece
cctggacctg
actgaaggcce
agtgcacgtg
gccggetetg
ggccaagctc
tgagaacccc
caaagatggg
tgccctceaaa
ctcggtectt
ggacccagac
ggagcgggtg
cggcatggat
ggtgccegtyg
gtacaactac
gtctacccag
gggaggtacc
cctgtttggt
gacagcccct
ggectgttgag
aacccecetca
ggcccaggag
gccagatgge
gaaggacaag
acgttttgtg
cgtcatgett
agaagaaaag
tegggategg
gggctggtte
ggctgagctg
ggaactgtcc
tgtgtgtgtg
aaattcagag
aaaacatttt

35

ggccgggceceg
ttcaagtctg
cccaacgagg
accgaggtac
ggcaacaaca
acacaggtgt
tctgaggagg
cctgcaggta
tacaaggtct
ttegececagg
aaaatctttg
acagcctetg
cctgagggcy
cagacagatg
cecttegacyg
gacgatggca
gaccctgeca
cgccatggtg
gatgaggtceg
cctgteccaga
gggaagccca
gcecagcaccce
gtattgccta
gecegectacce
ctgetcaggg
ttetgggagg
aagatggatg
atcgaagagg
ctggacacct
acagaagcct
cggacgccca
cttggetggg
gctgectgag
ttcecctcaaa
tgtgttagttt
tccttgeaaa
gaagtgtg
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Figure 10 (cont.)

tgcagcaccg
gcctgaagta
tggtggtgca
ctgtgtcctg
tccaccagtg
ccaagggcat
gcactgagec
ccgaggacac
ccaatggtgc
gggeccctgaa
tctggaaagg
acttecatcac
gtgagacccc
gcecetggacett
ccgecacect
caggccagaa
catatggaca
gccgcecaggg
ctgcatctge
gecgtgtggt
tgatcatcta
geetetteca
aggctggtge
tgtgagtggg
tgctgcggge
ccetgggegyg
cceatectee
ttectggtga
gggaccaggt
tgacttctge
tcacegtggt
atgatgatta
gaggggcagg
gaggccttag
ctttttttet
attgtctaaa

tgaggtccag
caagaaagga
gagactcttce
ggagagcttce
gtgtggttcc
ccgggacaac
cgaggcgatg
cgccaaggag
agggaccatg
gtcagaggac
caagcaggca
caagatggac
actgttcaag
gtcctacctt
gcacacctce
acagatctgg
gttctatgga
gcagataatc
catecctgact
ccaaggcaag
Ccaagggcggdce
ggtcecgegee
actgaactce
tacaggagcce
ccaacctgtg
gaaggctgcc
tcgectettt
gctcatgceag
ctttgtctgg
taagcggtac
gaagcaaggc
ctggtctgtyg
geccacccat
agcgagcaga
tttttacagt
atgtecagtgt
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ggcttcgagt
ggtgtggcat
caggtcaaag
aacaatggcg
aacagcaatc
gagecggagtg
cteccaggtge
gatgcggcececa
tcegtcetcece
tgcttcatcce
aacacggagg
taccccaagce
cagttcttca
tcecagccata
actgccatgg
agaatcgaag
ggcgacagcet
tataactggc
gctecagetgg
gagceecgcecc
acctccegeg
aacagcgctg
aacgatgect
agcgaggcag
caggtggcag
taccgcacat
gcctgetceea
gaagacctgg
gttggaaagg
atcgagacgg
tttgagcecte
gacceccttgg
gtcaccggtc
gcagctetge
atccaaaaat
ttgggaaatt

gaagtaaaagatttttattgttctatagacacttctgaaaagagatctaattgagaaaat
atacaaagcatttaagagtttcatccccagagactgactgaaggegttacagecectecte
tccaaggctcagggctgagaacggttagcatatcgaatgatcagtaaaaacatgcaaaag
tgagaaggaaagggaaaaaggtgcattcccctaagetgagggggatggaatttcagaaca
gaggangcagggtggacaagtaccaaggtggctetecectttecectetgtgtnatectttea
aaaccanttccaagcentggatnaaagcaa

SEQ ID NO
1

61

121

181

241

301

361

136
caaagtctga
gcccatgact
ggaatacaca
tgacagaagc
ctacttgatt
ccgcaageac
gaaccaggtt

gcececgetec
ctggggtact
gactcaagct
cagtggetga
gatggggete
aacctgtgtg
atggataacc

gctgatgeccet
gggacatcecg
atgtggaaaa
atgaaaaatt
acaagatcac
gggagacaga
acatggagct

gtctgcagaa
tgggetggec
gaagtacacg
caagctggge
ccagagcaat
agaggagaag
ggtcagactg

tccgeaccaa
cacgccatece
ctgggggacg
ctggactttce
gccatcectge
attegtgtgg
tgctatgacc

cggccacctt
caggattcaa
ggcggegtgt
actgctteat
ggtatgaaag
gcegggeceg
tgggceccaa
accgcaaget
tcgtggctga
tggaccacgyg
agaggaaggc
agactcaggt
agaactggcg
tcgccaacgt
ccgeccagcea
gttccaacaa
acatcattct
agggtgccca
atgaggagct
acctcatgag
agggcgggca
gagccacceg
ttgttctgaa
agaagacggg
aaggcagcga
ccccacgget
acaagattgg
caacggatga
attctcaaga
acccagccaa
cctecettigt
acagggccat
agtgecctttt
tatgagtgtg
agcectgeaa
aaatccaata

ccagcaccat
gettgetect
ctcetgacta
ccaatctgee
gctacattge
acattttgga
cagattttga
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421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

gaaactgaag
tctggggaag
tgatgtecctt
gaaggacttc
ccaattectce
agtgatgccea
cctgactcec
aggcctcatt
ctteagetcee
taacgccaac
atctectgagce
ggtccctace
gtcttattec
tettetgttg
ggtgatcagg
gttectecact
cgctectgta
ggggetgage
atctagatat

37

ggttgagaat
ctcagtgcct
agacctgctce
aattttggaa
cacaaagaat
ggagctcact
gttgectgcca
ccaaggcata
aattaatgag
caaggacact
caaaggttgg
acagatctta
gattctggga
cagnnnnnnn
NNNOONNnnnn
nnnnannnnn
NNNNNNNNNN
nnnnnnnnnn
NNONNANNNN
agcecttggee
tgtggeccaac
acagcggtgg
ggggcttgtg
tcttetegee
cagaggggaa
aaaggatcta
cgataccaca
taacagggaa
tggtgctacg
cattcaggce
tatcttactt
ccagtggatc
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Figure 10 (cont.)

ccaaaatact
cggcecatggt
gacatgaagc
atctcececget
cgaggtcttt
gaagatggga
tggacctgece
ggctteoettt
ccactgtect
ctgactgcett
tcectageac
ccagcteegt
ctgaggctcec
tccacageca
caggttcata
gtggggatta
ggcecgtetag
agcteccagg
ccttegteat

gettgcacca
gctcecgagatt
cttacctteg
tatecttacag
cttgggececag
caccaggagc
gttctcattt
gaggaagctt
ataattegtg
gaagccatga
ctcegtgacce
gatgaagcetg
acttgcaaaa
NNNNNNNRNn
nnnnnnnnnn
nnnnnnnnnn
nNNNNNINNn
nnnnnnnnnn
nnnnnnonnn
aaacaggtgg
agcagaccgg
attgataatc
gccgaagggce
aagtgtgacc
ggggagagtc
aaagctcgga
actcccatca
gaggtatttg
gccgagaagg
tcagtgaaga
aggaaccctg
gataatgttg

tggaggaact
ttgcaggaga
gtatatttga
ttgagggttt
tgtttggaaa
gggaggagcce
ttettecettt
cttctaacat
ccatcaaagt
ttectgteag
tgtcctcaaa
gtgatgccca
cttgactcag
gagecttagtg
aatttecttg
ctacagaaag
aactggeatg
cagactgcecct
gacacttctc

agcttgtccea
atctaattga
atgaggctga
tggecagaggt
gaatgactaa
accgagtgat
cagctatgaa
taaaaaatcg
tgttacaact
agagagcatt
ctagtgccetce
gaaaagttgg
tgctagggea
nmnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
ccacggecct
ccaaagcagc
ccacagtgga
atcgtetgge
gagtggacca
ctecaggcacyg
tgcaggaggc
agctgttggce
atgagagggc
cggctgeggt
cggcccgaga
gaaatcaagc
aaaaaatgac

ccctgaaaag
caagatcacc
geccaagtge
gaagaagatc
gtcagctaca
aaccttgcetg
ttecttettt
catcccectceece
cceectecta
tgettttete
gaccatctgt
gtaaagcctg
gactgtgete
gatgggtgtg
gtcatttctg
gtgctectgtg
gttcaaagag
tectttecacce
aataaaacgt

ggcagctcag
tgggtcaagg
ggtcegtaaa
ggtggagact
gatggccaag
gttggtgaac
gatttttgta
caattttact
cacctcttgg
ggcctceata
cccaggggat
tgaactctgt
gatgactgat
NNANNONNDN
nnnnnnnnnn
nnnnnnnnnn
nnnnonnnnn
NONINNIHNND
NNNNNNNNnn
gcagaacctg
tgtacacctt
tgaccgtgga
taatgttatg
gctgacagece
agcacttgca
catgactcag
agtggcagcce
agctaacttt
tggtactget
actcacaccc
tgcttatgaa
agggctggtyg
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ctaaagctcet
tttgtggatt
ttggacgcct
tctgectaca
tggaacagca
cctgegaccee
ctactctectt
cgcatcgagg
acgtettect
ttectttgaga
atgcecctgcet
aaccatgcct
gaattgtggg
tgtgtgtgtg
ccctetagece
ccaagttcct
gggctagget
tgtcctgata
atcccaccgt

atgcttcagt
ggcatcctet
attattagag
atggaagatt
atgattgacg
tcgatgaaca
acaactaaaa
gtagaaaaaa
gatgaagatg
gactccaaac
gctggtgage
gcaggcaaag
caagtggctg
NNNNNNINNN
INNNNNNNNN
nnnnnnnnnn
nnannnnnnn
NNNNNNNINN
nnannnnnnn
cagaccaaaa
gagggcaaga
gtcggtcagg
atggggecett
cagctggcetg
tctcagetee
gaagtgtcag
acggcgcctce
gaaaaccatt
aataaatcaa
caggtggtct
cattttgaga
gacgaagcca

actcagagtt
tcettgecta
tcctaaactt
tgaagtccag
aatagggcce
tggaggacag
ctcttececca
ctectttaaag
ttcectgeac
agccagactyg
ccctttgetg
gccatgtett
tggttttttg
tgttgggggt
acatccctct
cactcattcg
gatggggaag
gacttceectg
attgt

cagaccctta
ctggaacatc
tttgecaaagyg
tggtcactta
agagacagca
ccgtgaaaga
actcaaaaaa
tgagtgctga
cctgggecag
tgaaccaggc
aggccatcag
aacgcaggga
acctcecgtge
NNNNNINNNn
nnnnnnnnnn
NNNNNNNNNN
nnnnnnnnnn
NNNNNNNnnn
nnnaggctcg
ccaaccgggce
ttgagcaagce
ctgccatccg
atcggcaaga
acctggetge
aagactcctt
atgttttcag
ctgatgegee
caggaaagct
cagtggaagg
cggctgeteg
ccatgaagaa
ttgataccaa
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1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801

SEQ ID NO:

1
61
121

atctctgttg
tatggccaac
caaccggatce
tgaggetgtg
tgcaaaagct
aggatatcgg
tgactteccg
tceccaaacca
aaaggatgaa
ggctgccaga
tgcagcagcce
cagtggtacc
ggtgactecgg
cctcttacag
agtgaaggcc
agagatgcetg
agctgaagct
aaagactccce
aaaaagaagg
tcacatcetyg
atactetttt
acagttacac
tcacataagce
taggggacac
agacccaggg
ttttgagcett
tecttttecag
tatgggggcec
tataaaactg
atgcccctga
ccaaggtagc
agtagccagg
agtcactgce
tcattttgag
tttgtagcct
catctgtaac
cctaagagtg
gtggtatttg
cctgtaattc
tatggggttce
ggcaaaatga
acatgaaacc
cctgaacatc
aacttaagtt
ttttcaaggce
cctttaaagt
agaggaaata
tttacacttt
aattaaaaaa

38

atatccagce
ctacaaggtg
ggggaagaag

gatgcttcag
attcagcctce
ctgetggtgg
aaagctgect
gtggctggaa
atcctgggag
cegectecac
cctetgectg
gagttccctg
cagctccatg
aagcgeatgg
aagcgggceac
ttggccaagg
gtatgtgagc
accatgctgg
gttcacaatg
gcttcaatca
tggtaccagt
aaaatgatct
gecectggecaca
ttecatggaca
ttgtgcaccc
tcagaatcca
ttcecctetgt
cccaggcaaa
tccatgttge
aagtgagctt
tggattcatt
tacttcactg
gcaatgtcectg
catcccatga
gtgtggcect
tgcagaggtc
ctgaaatgct
tceteccacat
tctaaaagat
tttaatggca
cagactagaa
ctacctccct
aagagagtaa
gagggcagtg
ttatttttte
cttccttecee
ggtcctttac
cctcagcata
atgaatctat
agaaaaatca
atgccggatg
aa

tttgccgaat
ggcaccatgg
tatgtgcaaa
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Figure 10 (cont.)

aagaagcaat
agatgectggt
ctaagaggga
ctgatgaatt
acatttccga
ctgtggccaa
cagaccttga
aaggtgaggt
agcagaaggc
atgaagctcg
ctctgctgat
teattcagtg
aggttgccaa
gaatcccaac
gccggaccaa
cccagaacct
aaattcgaac
aggcacctgg
gagtecccagg
tcagaaagga
ctttgaaatg
tctatcccaa
agtgaacact
ttctetttec
tcagttacta
tgccaaccat
tgctgctaca
tcetgeectt
tcaggaagaa
tgctagggaa
acacactgtg
gcecatcttee
tgtgctgagg
gcattttaat
cctttctaaa
cectttttaaa
aggcagccct
ttctagtgcet
gcaaccaact
tgggtttcat
ttteeottttt
ccaaagccag
acccatcgcet
actcaggctt
tttgtatagt
gccaaagatc
tgtttgectcet
tgettttetce

acatcctatce
cggagaagtt
aggatggcca

taaaaaagac
tgctggggea
ggtggagaat
gagcaaaacc
cectggactg
ggtcagagaa
acaactcecga
ccectecaccet
cggggaggty
caaatggtcc
ggctgagatg
tgccaaggac
gcagtgcaca
cataagcacc
catcagtgat
catgcagtet
agatgctgga
ctgagcctgg
agctgeccag
atgggggect
tgtttctgta
taggcagact
agccagacac
ttggctecca
agaagaaaat
accttcette
ggggaaggtg
cctcagttta
atcacagaat
acttececegte
tectggtget
cagcagggec
ccttatcatt
tttaaccaaa
caagatttta
ttcagtecta
gtctgaagga
getgaagatg
acaaccaagc
atttcttatce
ggtacttatt
aaccagatga
gtgtgttagt
tcactatttc
tgcttgectg
acttgttgtt
ceccggttett
caatatcagt

tgccacacat
tgactgccac
ccactgetge
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ctggacaagt
accagtattg
tccgaggatce
atctececega
caaaagagct
geccttccaac
ctaacagatg
aggcctcecac
attaaccagc
agcaagggca
tctcggetgg
atcgceccaagg
gataaacgga
cagctcaaaa
gaggagtctg
gtgaaggaga
tttacactge
ctggcacaga
agttgctggg
cttcaaatta
taaagcetgt
gggtttctag
tctgctetge
ttcactctte
tgetgtgect
cctgggetgt
gcectetgtgg
atccttcetag
catatgattc
ccatatcctg
ctctgccact
actcceggea
cattcttage
acatgtctcec
aagacatgta
agaaagagga
cacttecctge
aatcaatggg
tectectgeatce
accacagtaa
actgctaagt
gtaaaggagt
tceccaacate
ctttataatg
atataaatge
ttactaaaga
ccagtggttt
gctcgagaca

ccagcgtgag
tactgcaggg
ctgaaatgct

gcaaggtagce
ctegteggge
ccaagttccg
tggtgatgga
tcctggacte
ctcaggagce
agcttgetcece
caccagagga
caatgatgat
atgacatcat
taagaggggg
cctecagatga
ttagaaccaa
tecctgtecac
agcaggccac
ctgtgcggga
getgggttag
aacctctact
agctgaaaaa
gaagacattt
attctcaaac
cccatggact
ccttgttceec
cagaatccca
cccaaaattg
gctacctggyg
agccccagca
tttcececacaa
tgettttacce
cctecageceeg
ggaagggcag
ctcecatgett
tettaattgt
tatectggtt
ggtgtttgtt
gtgecttgtece
ctaagggaga
aaatactact
tactcccaag
gttcctacta
atttceccage
aagaaccttg
gaatgtgtac
aggatgatta
aatattaatg
aagattactt
gagacactgg
cagtgaagca

gtececctceccecag
atcccecttgea
ttgacaagtt
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181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
i501
1561
1621
1681
1741
1801
1861
1921
1981

SEQ ID NO:

1
61
121
181
241
301
36l
421
481
541
601
661

SEQ ID NO:

1
61
121
181
241
301

ctgtgceccaac
ctataagaac
ggccaatgag
ggaggactcc
ggagtacaag
catcgggact
gaccaagttt
ttaccaggat
ggctgggeag
ctttgtggece
aagagtgagc
gcctctcacc
ttgtececteg
ceecgagtttg
tgcttccact
gagcaagtgt
gtaaaatggce
ggggaagagt
gtattactca
agcaaagtga
tctgcatgtt
aagaagcata
cgtgtagaca
tctgtgagca
gccetteett
atttgaactt
tgtggcatgt
gtgtagaaag
ctggaagcett
ttttaattga
cctcagatgt

39

tgcecgeccta
NNANNNNNNT
gaccgtggag
caagttccag
NNANNNNNNN
ctggtggaca
tacaccaact
ccttttgaga
atctcctteg
ggctgeetgg
aagctcaadg
aaacagtgag

40

cttttcacac
ggccgatgge
tcecectecac
tgaaccacgg
tggccccecag
atggacaccc

acctgtgtgg
cgettetggce
acctttgtgg
cccaagtgca
gggaccgtcet
ggaagcttct
gccaagcatt
cageccectgge
cgtttcaccg
aagaagtgtg
cacccagtct
ctgtttccca
tgggtggtgg
gtaaaggcetce
gcaaaaaatg
attgtccecga
atttgaatct
ggtccttece
aataagggca
atttctgtcc
tctcatagag
ggagataaaa
cacgacatgc
ggaaaagaac
ctgttetttt
agctgtaatt
tttetgageg
acctgagaaa
aacaaaacta
tagcaaaata
tectgecagtg

caccgtggte
nnnnnunnge
acgtggcagg
gacggagacc
NNNNANNNNN
tggtgaatga
atgaggcggg
cectgetgte
ctgactacaa
atgcgttcecee
ccttectgge
ggttgggggg

tggccecttaaa
gcaaaggtac
gatgtatggg
gcctectetg
catgggctcc
cctetteect
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Figure 10 (cont.)

aatgccgecaa
atgacacctg
ccaaggacaa
aggggtgett
ggcacaaaga
tcecectaaagg
gcgtgaagtg
atgccegattg
ctgtggagga
ctggatgcaa
ctaaagctag
gcgccaacct
ttetttatag
cagtgtggtg
ctcecgtgaat
ctgtgccaaa
cgttetttgt
ttctttaaag
cacagtgatc
ggctgcaatt
cagaaaagtg
cccecactga
aagagttgca
cctactgaca
gtgctttcaa
ctaaactgac
ttecctacttt
acgagcctgt
accctgetgt
gtttatgggt
ctgaaattca

tatttcceag
tgetggcaga
agggctcact
tcaccctgta
nnnnnnnngg
cggegtggag
caaggatgac
ccagaaccag
cctgetggac
cctgctctea
ctcccectgag
actctgageg

gaggatatat
gacgatctac
gaccecgcatg
cactcgcatce
tctgtcaatg
ctcttagecac

gceccatcggt
cttecgetgt
caagatcctg
caaggccatt
ctgettecace
ggaggactte
caacaaggcc
ctttgtgtgt
ccagtattac
gaaccccatce
gaagccccca
ccggggcagyg
aaaaaatcga
gcctatgaag
ctggccaaca
aagctgtaaa
gtccttactt
ttcteecttee
atattagcat
taaaaatgaa
ctaatcattt
gatgcctctce
gecggetgete
tgcatggttt
ataactaaca
ctttcececegt
aaagcatgga
ttcagaggaa
cectttttatt
ttggaaactt
tcctacggaa

ttcgagnnnn
tcagggccag
caaagcctcce
ccagtccaat
ctctatggga
gacctececget
tatgtgaagg
ggaggcaaga
ttgectgectga
gcatatgtgg
tacgtgaacc
g

tagaagttga
ceccattacgg
cagccaggte
agtacccgca
acgctttaaa
tgatttttga
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gcggactcca
gccaagtgec
tgcaacaagt
gtggcaggag
tgtagtaact
tactgcgtga
atcacatctg
gttacctgcet
tgegtggatt
actgggaaaa
gtgtgccacg
catccgggtyg
agcttagcag
gacaatcctg
agcgcetttgt
ctgacagggg
tetgeectat
gtcttttcte
ttagcaaaaa
aacttaggta
agccacttag
atgecctcage
caactcactg
aacttcctca
cgaacttcca
actaacgttt
acatgcaggt
catcgtcaca
gtttttaatt
gcatgaaaat
gtaaccgcaa

NANNNNNNNN
agctggaagg
tgcctatacg
accatcctgce
aggaccagca
gcaaatacat
cactgcccyg
ccttcattgt
tccatgaggt
ggcgecteag
tccecatcaa

agtaggaagg
gggcatggat
catgcagcecg
cacagctcat
gagagataaa
gaaatgtgaa

aggaggtgca
ttcaccectt
gcaccacteg
atcaaaacgt
gcaagcaagt
cttgecatga
gaggaatcac
ctaagaagct
gctacaagaa
ggactgtgtc
ggaaacgcett
gagagaggac
ctcectecgagg
gcacgactac
tttccaccag
ctecctgtect
accatcaata
ccattttaca
geaaccctge
gattgactct
tgatgtaagc
tgggacccac
ctcaccctet
tcagaactcect
gaaaattaac
ggttteececeg
gatttgggaa
acgaatactt
aatatttttg
attttagcec
aactctag

nnnnnnnnnn
aggaggtggt
ggcagctccc
gtcacctggn
ggaggcagec
ctcecteate
gcaactgaag
gggagaccag
cctagecect
tgececggecce

tggcaacggg

gagccagaga
ggagtaggca
gtccaccacce
accaacgcca
gatgccattt
ttagetactt
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361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461

SEQ ID NO:

1
61
121
181
241
301
361
421

SEQ ID NO:

1
61
121
181
241
301

gtaccccceceg
aagatatagc
cagaactgga
tagagaaggt
ggaaaatgcc
aagatataac
acacggcatc
acagtgggga
NNNNNNNNNN
pabahshalsiohabshstal
acccttetga
tgaacaattg
accgagcagt
taatggacgg
tgaatatggg
caaagcaagg
tgggtgtgag
agctgcegtcea
tgatgatgcea
ttecttaatac
ttaagggaat
gactgtggag
agggaccttt
ctatataaga
catattacgt
gtgttgtttc
gttatcctge
atcaggcaga
ttctetcetet
ttcatttact
aactgcagtc
aggaggaggc
tcattgtcce
aaacatagac
catgtgtgta
tttgtgcaaa

41

ctcaataagc
caaggcaaac
cagctgtgge
tggactggag
ggaaagagga
tattacgaca
tgcgacctce
cagcccgaca

42

ggacgacaag
gcagctgaac
agaatcaaat
atttcatgat
attcatgggt
agcattaaag

cgagcegggyg
cgtgttegece
taacttgatg
acacgaatta
tatcgatttg
aagatcagca
tactcgttca
caacagcann
NNNNNNNNnn
nnnnnnnnnn
agaacagaaa
gtttattaat
aagtcaagga
tcagcaacat

catggaggag
gggaaggctg
tatgggacag
tgggcccceccce
tggaggaccg
aggagaccca
atgcattgtce
ttccattett
aaaaagcagyg
cattaagaga
tgtttettat
catagctcett
aagggacagg
agaatcttte
tttectetet
caccatattt
atcaacaatg
atggaaacca
catgcaacaa
tgaagattta
ttttttcata
aaggactgga

caaccatgtce
cagttatacc
agtttctect
acggatggga
aaaataagcc
agaacatcat
agaacttgct
cggaggactg

gegtteacca
gagaaccaag
gtgcaagagg
cttatggaac
gactatgtag
gtgcgttate
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Figure 10 (cont.)

gtggegggcg
aaacagattc
attcaagcca
tgtgacaatt
gtgatagacyg
aatctaactg
ggaggaaccc
NNNNoNnnnn
NNNNNNNNNNn
NNONNNnnnn
aagcagttgg
gcccggagaa
acaccttata
atgggaatta
cagtggcact
caaagtatgc
ccaagttata
atgcatacgt
ccccaccctg
acaatgagtg
tgcaatggtyg
ggcatctact
aaataccaac
acaaagagtg
agatttttta
cacttecctece
aaggtctgat
ttectegecta
ctecectettt
gaattggcct
attaatcagc
aaaggcegtg
ccaccacctt
tttttaatat
gtcccacctt
aaaatgaact

tttcaaggat
tgcagctgtg
ggagctgcta
gtttaagectce
caagatgaac
ccacaagacg

ggggttcacg
a

aggagctgga
tgcggacget
ttegttgecce
tctttagaat
acagaggata
cagaacgcat

gggacgtctg
gcgcagaaaa
tacaagtatt
tetgecaccg
atagagaagg
accagccctce
caggcceccette
NNNNNNNNNN
nnnnnnnnnn
nnnnnnnnnn
cacaagacac
gaatagtgca
atcctgatgg
gagcaccagg
acatgtaacc
caggggagta
cccaacceca
acattcctgg
gaatgccaat
gacaagtcecat
actgatttca
ctggaccaag
tgaagtcaat
aaatattgta
aaaaaaatgt
agaagcctcce
ttgcaggatt
ggatttcagce
ctageectggg
gaacagatgt
tgttgcagge
tgtttagaag
atacatcact
gttgacttta
ggagcattta
gtattattge

tacatccaag
ctggcegget
tcagacaaat
geecgaccecg
tacgagaagc
tecggggaage
cccgaggaac

ccagtgggtce
gtgcgagaag
tgttactgtce
tggtggaaaa
ttattcagtg
tacaatattg
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ctegtcagag
acctctattt
aaggtttcat
gtatattagc
aggatcaaaa
ttggaacaga
cagcggtgge
NNNNNNNNNN
NNNNNNNNNNn
nnnnnnnnnn
gggactcacc
gcccatgata
acagcccatg
acctatgagt
ttcatctagt
tgtagecccgg
gatgcccecee
acaccctcac
gtcagcatca
ggacattcat
aatcatgttt
gagcatcect
ttgggggaca
aatgctatta
gaaattttte
ttacattaaa
tttagagcat
catgcgcgeg
gettgaattt
aaatcgggaa
agtgtcttaa
cctaattgtce
tcctgtttta
tttectgagea
tgtagacatt
aatttttttt

agaggagtga
tcacaggaag
cetgecagte
atgaggtggc
tgagccgggg
gctacgtgta
tgcacgeceat

gagcagctga
gcaaaggaaa
tgtggagatg
tcaccggata
gagactgtga
agaggaaatc

tcattcaatg
tcttctaate
ctattggaat
tgtttgaaag
tecagacagtg
gatcatgatg
cacacgtcac
nnannnnnnn
nnnnnnnnnn
nnncaccctt
atccttcaag
gaccagtcca
ggaggtttcyg
ggaatgggca
taaccaatcyg
ggtggteccaa
catcetgete
cacccaacag
agccccacag
gctcagtage
tttctgecaat
aattcttcat
tgctaaataa
tactgttatc
cacactatgt
aagccttaca
taaaataact
ctectctetet
gcatgtctaa
ggatgggaaa
ggagactggt
acatcaagca
agcagctcta
aagcatecggt
gtaaataaat
t

cccagtggag
tggacctatt
attcatcage
ccgeeggtgg
cttacgctac
ccgcttcegtg
cctgggegte

acgagtgtaa
ttttaacaaa
tgcatggtca
caaactactt
ctecttettgt
acgaaagccg
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361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201

SEQ ID NO:

1
61
121
181
241
301
361
421
481

acaaattacc
cgtttggaaa
acagatattc
agccctggat
agatccagat
acaagacatt
ccagcttgta
tgcacccaat
tttaaaatat
acggcgecacce
aagtatacct
tgtttctgta
catactaatg
gtcagtctaa
caaaaaaggt
tgtttaactg
aacttccact
aaaggttctt
taaattactg
tcctatttgg
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cctgtgagea
agtgtagcaa
gatacaattc
acggcccegt
tgtaccaaca
gagtggagaa
acaatggctt
tggctggaat
cgtgccagte
agatacaagt
caaggagacc
agccaccget
tgttgccceca
agacccagga
agtacctcca
gggagceett
cacaacctcet
cactctgcta
gattgcctcecce
cactgatcte
aaaaattaca
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gtgtcccata
ggaggtatgce
tcaaaaagaa
gcteectect
cagccctece
gtataaatag
ctaagttgga
gtgacccagg
tttgtggata

caagtatatg
tattttacag
tgcctecatyg
cgtttacagg
gatcgtggtg
tectgaaacct
atggagggat
tactgttatc
tcettectte
ccagactact
ggctttttaa
acaaattggg
atgagcattt
cagtttgecet
aactaactgc
gcatggatta
aatccattat
cttgggagta
ttttatgttyg
tgtactcagce

ccacgtcaac
gatctgtgag
ctacagcgtce
ggagggagcet
cgtcaccgga
tggcacaccc
ctttaaaata
tecacgeace
ctgggggcga
ttcagacagg
aagtcctggc
gccagcacag
gectgactgtg
atggaaagcg
agcaagtagc
tggagaacgc
ctgatcttgt
atcatgtggg
ttatgacgcg
tactaccaca
gcttcaccct

gtgtttccaa
agacaacgag
tggaaccaat
ctgcgcccee
attggtggag
ggcagatceg
ggtactggce
ggctetgega
cgeggacttt
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Figure 10 (cont.)

gettttatga
atctectttga
gtggcctcte
aagttccaca
gatggggtat
ttaaccatgce
acaattggtg
gttgtgggaa
aatttgaccce
tcectataaat
aatatatgta
atctgtecttg
agcacaattt
gctgtattta
ttcatctcet
atagagttgg
cetttatttet
tgttgtecata
atctgcatat
aaataaactt

ggetcececgge
cctggctaca
tccaatageg
ttctetgtgt
gagatgatgg
tactggctgg
ctcagaggac
gatcagtact
gatgggggta
gtctgaagga
tacatcccag
agcgtectte
geccecteeg
gagttcctaa
tttccacatt

cagtctcccea,

gctecagecatg
tgagccagtg
gctcaaaagg
aggagaatag
gtcaagttaa

acttggaaag
tcagagttte
ttaagaagcc
gcaggctcect
gcecettttgg
ggctttatta
acgactgcat
cacaaggagt
gttgetgett

tgaatgtctg
ttatctteccea
tccatccata
tgagggcceca
ttcaccacgt
caatggtctce
tcatgatcgg
ccaggctgcet
agcgcctegt
ttetectggg
tttaaaaaca
gcattaaacc
gagactgaaa
tagtaaccat
tttgcgetta
agttttattt
attgaaatgt
acatttaaag
ttctgtatat
t

cceecatgeac
gcccgaccta
agaaggacat
attcggactt
gtggeccatgc
ttgccaactc
aggatcactg
gggaaaagat
gaaatgcatt
ctggattgge
cctgtggtta
ceccctgtaga
tgatccatece
caggatgaaa
tgtcacagaa
ggccecetge
attctttaat
gaacagcggyg
aaaccaagtg
tttaggagaa

.caaggaatgc

ggcgggggag
ceccttgaaag
agcceegtgg
cccagctgtyg
aggcacccta
ttttagcacce
gccegegece
ctgcatgtct
gcagtaacct
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cgaaagtatg
cttacagcett
gacacactgg
atgtgtgatc
ggtgctgget
acactggttt
aatgtggtta
atcatggaat
cgtggtgagc
aaacctgcet
aaaagcaaca
acatcatgga
tttagtacac
tttcectttgg
tttggaaatt
ttaagaaaaa
ataattaact
agatttcccet
ttgtcatgac

gggggaggga
caaacaggac
catggccgag
cctgetetac
catcecgeate
ctggaacact
tggaatcgaa
ctaatctgcecce
ttattecttta
caaacatcag
cagtgcagac
ctagtgccgt
atctecaggg
gtteccecat
atcagaggag
atctatecgag
agaagtttta
agacctgtge
gtcaggagtt
accagctttt
ctgtgceccaat

ggcgggagga
cctcaaaagt
ccacgtecct
gctgececggy
gggccaggga
acggcagcag
gccaggtgat
aagtgctaga
tatgcctage

ggaatgccaa
tagtagatgg
atcatataag
tgttatggtc
acacatttgg
ctegtgceca
ccattttcag
tagatgacac
ctcatgttac
ttgtatgtgg
gtaatctatg
ccaaatgtgc
tatgttctag
actgttcaag
ttagttatag
ttcacaagct
taactgaaga
tcatttaaac
agtgcttgea

gataccccea
aagcactacg
atctacaaaa
aagtcaggag
ctgggetggg
gactggggtg
tcagaagtgg
gtgggectgt
agttcacgta
acctgtctte
aggccatgtg
agggagtacc
agcaagacag
cagttcecccce
agatggtgtt
tttgcaatgt
ttttttegtg
tagttttaca
gtttctgacc
actgtttttg
aaaaggtttce

tgcggagggc
gtccacgtecce
tceeccatte
cceececagecce
aacttttgcce
gaggtttcgg
acctcegeeyg
catgctcage
aacatgccaa
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A 541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721

tectttacaag
aggggtccac
ccacctggtce
aaaggagttg
gcagctggag
ggtcaaactg
gatggtcacce
gctegtggtt
ggtctggatg
cctggtgaaa
cgtgttggtg
ggtcetgetn
aagggtgaaa
gaagtgggtc
ggccttactg
cctggacccce
cttgttggtg
ggctctgetg
aatggggaag
tctcgtggtce
ggtgcaagtg
cctggtctea
aaagaaggtc
ggagcaagag
cctggcaaaa
cctgatggaa
ggtgaacagg
gctggtgaag
cctgetggte
ggtcctattg
cctggtgtgg
gagaggggtg
ggtgaaattg
cctggtectg
cctgetggte
ggatttgctg
aaagggccta
ccagetggte
ggtatgactg
tctggececte
gaccaaggtce
ggtgagaagyg
cagggtctte
ctacctggtg
ggggcccgtg
gctggtegtg
cacaagggag
ggtcctcecatg
tctggtectg
attcgtggcg
ggacacaatg
cetggeteeg
aaagatggtc
ggtcaccaag
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Figure 10 (cont.)

aggaaactgt
caggccccece
ctcetggecece
gacttggccc
cccecaggece
gtcctgecagg
ctggaaaacc
tcecectggaac
gattgaaggg
atggaactcc
ccecetggecce
INNNNNNNNG
ttggagetat
ttcecaggecet
gtgccaaggg
gcggtattee
agcetggtee
ggcceccaagg
ctggatctgce
ttecectggage
gcectgetgg
tgggacccag
ctgtcggect
gagagcctgg
acggtgataa
acaatggtgce
gtceccgetgg
ttggcaaacc
caagagggga
gaagccgagg
ttggtgetgt
ctgctggcat
gtaaccctgg
ctggagcceac
ctcggggaag
gtceggetgg
agggtgaaaa
caaatggtecc
gtttcectgg
ctggtccecee
cagttggccg
gtececetetgg
ttggtgctec
ttgctggtge
gtcctectygg
atggcaaccc
agcgeggtta
gcccegtggg
ttggtcctge
ataagggaga
gattgcaagg
tgggteetge
gcactggaca
gecectgetgg

aagaaagggc
aggcagagat
ccctggtete
tggaccaatg
tcaaggtttce
tgectegtggt
cggacgacct
tcctggactt
acagcceggt
aggtcaaaca
agctggtgce
gtctgctggce
tggtaacgcet
cteceggeece
tgctgctggce
tggccetgtt
agctggetee
tectectggt
cggcccteca
tgatggcaga
agtcecgagga
aggtettect
ccetggeatce
caacattgga
aggtecatgct
tcagggacct
tcectecagge
aggagaaagg
acgcggtecee
tecettetgga
gggcactget
acctggaggce
cagagatggt
aggtgaccgg
ccctggtgaa
tgctgetggt
cggtgttgtt
ceceeggtect
tgctgectgga
tggtecctget
aactggagaa
agaggectggt
tggtattctg
tgtgggtgaa
tgctgtgggt
tgggaacgat
ccectggeaat
tecetgetgge
tggtgctgtt
gceceggtgaa
tctgectggt
tggtectagg
tcctggtacg
cccecetggt

ccageceggag
ggtgaagatg
ggtgggaact
ggcttaatgg
caaggacctg
ccagcetggece
ggtgagagag
cctggcecttca
gctectggtyg
ggagccegtg
cgtggcagtyg
cctcecaggcet
ggtectgetg
gttggacctc
cttceeggeg
ggtgctgeeg
aaaggagaga
cccagtggtg
ggacctcctg
gctggcgtca
cctaatggag
ggttecectg
gacggcaggce
ttccectggac
ggtecttgetg
cctggaccac
ttccagggte
ggtctccatg
ccaggtgaga
cceeccaggge
ggtccatctg
aagggagaaa
getegtggtyg
ggcgaagctg
cgtggegagg
caaccgggtyg
ggtcccacag
gctggaagte
cggactggte
gggaaagaag
gtaggtgcag
actgectggac
ggtecteccetg
cctggtectce
agtcctggag
ggtececcecag
attggtceceg
aaacatggaa
ggcccaagag
aaggggccca
atcgectggte
ggccetgetg
gttggacctg
cececectggec
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atagaggacc
gtcccacagg
ttgctgcetcea
gacctagagg
ctggtgagcecc
ctectggeaa
gagttgttgg
aaggcattag
tgaagggtga
ggcttecetgg
atggaagtgt
tcecaggtge
gtceecgeegg
ctggtaatce
ttgctgggge
gtgctactgg
gcggtaacaa
aagaaggaaa
ggctgagagyg
tgggeccecetcece
atgctggteg
gaaatatcgg
ctggcccaat
ccaaaggccc
gtgctegggg
agggtgttca
tgcctggcecee
gtgagtttgg
gtggtgctge
ctgatggaaa
gtcctagtgg
agggtgaacc
ctcatggtgce
gggctgetgg
tecggtectge
ctaaaggaga
gecccegttgg
gtggtgatgg
cceccaggacce
ggcttegtgg
ttggtceccecece
ctcctggeac
gctcgagagg
ttggcattge
tcaacggtgce
gtcgecgatgg
ttggtgctgce
accgtggtga
gtcctagtgg
gaggtcttec
accatggtga
gtecettetgg
ctggcatteg
ctcectggacce

acgtggagaa
ccctectggt
gtatgatgga
cccacctggt
tggtgaacct
ggctggtgaa
accacagggt
gggacacaat
acctggtgece
tgagagagga
gggtcccgtg
ccectggececc
teeccegtggt
tggagcaaac
tceceggecte
tgccagagga
gggtgagecc
gagaggccect
tagtcctggt
tggtagtcgt
ccetggggag
cccegetgga
tggcceegtt
cactggtgac
tgctccaggt
aggtggaaaa
ctcaggtcecee
tcteecetggt
cggtecctact
caagggtgaa
actceccagga
tggtctcaga
tgtaggtgcc
teetgetggt
tggcccceaac
aagaggaggc
agctgctggce
aggccecect
ctctggtatt
tecctegtggt
tggcttecget
tccaggtect
tgaacgtggt
cggccctect
tcctggtgaa
tcaacccgga
aggtgcacct
aactggtcct
cccacaaggce
tggcttcaag
tcaaggtgcet
cectgetgga
aggccctcag
teccaggtgta
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3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401

SEQ Id NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381

agcggtggtg
tcagcacctt
aaccagattg
cgtgacttga
caaggatgca
atccgggecece
aaacacgtct
ggagtgactt
gcctcetecaga
ggcaacctga
ggcaacagca
tggggaaaga
attgcacctt
tgtttcaaat
ctttgcecatt
catctacttg
aatacagttt
ctecttacacc
aataaaaacc
tttaaaaccc
ccacattgtt
ataatacaaa
aagaatttga
atttgattta
cccaaagttg
tcttcecatgg
attttgtata
ttttccaaaa
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cagaccacag
caggceccctce
tgggetttgt
ctttttgget
tttacttaag
actcaaagac
cctgacaggg
gattgtgatt
accttgacgt
ccccagaagt
acagaactgt
acctatagag
cagccctgtt
gcaccatact
ctectectttt
cetgggteat
acctgacgge
ggtattcaag
agacactcag
ttecttacaag
actatggggg
cataattttt
caaatgactt
atggcccaga

gttatgactt
ctetecagace
agacccttet
gactcagcca
ctatggaagce
aacctgaaaa
ggctaggaga
ccaaggaaat
acatcaccta
aaaaggctgt
ggttcactta
caatcattga
tggacatcgg
aaatgaactc
tcttcttett
cttaaattgt
cattaactcce
tgttatggaa
ataaacattt
aaacttccaa
aggtgctgac
ggtgctaatt
gaagaaatac
gcattcatat
tecectettett
ttccacagaa
tgtgagatgt
gaacatat

gaatacctaa
ccttecctet
tetectgeag
tcaaataaca
gtgtccagag
tctttetgtg
caaaagagat
atttacctga
gggaagatta
ggagaacctt

cactgcagga
gctaaaaaac
gatcacatga
caaaggcagg
gtcaattggg
ggggcecagec
atctgecatg
caccacctcce
atgctactca
tttgtggcecta
acctagtttt
agcectcettet
gcagtttccc
aagcccttte
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tggttacgat
caaggactat
tactcctgaa
cccagagtgg
catcaaagta
catceccagec
aactatcaat
ggctacccaa
ccactgcaag
cattctacag
cactgttctt
atacaaaaca
tggtgctgac
aatctaaatt
cttttttaac
gggcaaaagdga
tteceeeceget
aatgtcaacc
gcaccacttg
aggtttaaac
ctagacagag
aatagtattt
tcctgtattg
tttcecatctt
cagattcage
getttgtttce
ttaaataaat

tgcetttttt
tcaacctcat
gctatggtte
gaaaagctaa
atggtggaga
gtagggccac
tttgcagatg
cagggcaaaa
ttectggatta
tccecacctgt
tttgaagatg
agcaaggaaa
tcaccagatg
ggaagtggat
aaaaaattcc
ctagctgcetyg
gecttggeagg
acccagcccee
gatgctggct
tcatgacaaa
atctcattta
ctaaatgctt
ctacatggca
ctgtgcecte

Figure 10 (cont.)

ggagacttct
gaagttgatg
ggctctagaa
agcagtggtt
tactgtgatt
aagaactggt
gctggcagcec
cttgcecttea
aacagcattg
ggctctaatg
gtagatggct
aataagccat
catgaattet
aaaaaagaaa
tgaaagctga
gaaaaagaag
cccccaaaaa
tttgtaagaa
tggcttttga
tacctcaaaa
atgaactgag
cagatacttg
agttgtatcg
attcccaatt
atttgttett
ttgggcaagc
tgtgaaaaaa

ctcttectgt
ccteccectecee
atcatgcaaa
caccagettt
acaggattgg
atcctaaacc
caattaaggt
gagattttgc
tetaggtggg
agaaagccag
aaggggccca
tggactctec
gctgeceecag
ggagggcagg
agaaactctg
gagggactga
aactctggcet
tcccacattt
tcagctaagt
atggagecagce
ccacaatgtt
cctecaagett
cctgaccectt
tggcttectg

PCT/US02/24567

acagggctga
ctactctgaa
agaacccagc
actactggat
teecctacegg
ataggagctc
agtttgaata
tgcgeetget
catacatgga
atgttgaact
gctctaaaaa
cacgecctgece
ttgtggacat
gaaatttgaa
atccttecat
gattgatcag
tttgaatttt
aaccaaaata
atatcttcca
cactttcecca
gtecettgttt
aagaatgttg
tgtggtgtat
aaaagtatgc
tgeccagtcte
agaaaaatta
atgaaataaa

ctttgtcecct
cacaggccca
tagctectgt
atcaataata
tttectecte
ctgtatcctg
taaggacctt
agatgcaatt
cgcaatttga
agagctggca
tgageccaagg
ccagagecte
agccaaatgt
agctccattce
ggagcectee
gaactgetgt
ttgggagaga
cactcaggac
attttgcaaa
ctactatate
ttcaatcatt
tececttgectt
gtgcectcect
ataaactcct

ccagcctege
gtctctcaac
tcgcacatgce
tgaccccaac
cgaaacctgt
caaggacaag
taatgttgaa
ggccaactat
tgaggagact
tgttgctgag
gacaaatgaa
cttccttgat
tggcecagtce
aaaactttet
ttecttetgea
agcattgtgc
tttttcaaca
aaaattgaaa
cagagggaag
tgagtgtgat
tgttttgtte
atggtgctag
tttttaaaaa
agattatttg
attttcatct
aattgtacct
gcatgtttgg

cacactacag
gagaaccagt
gtcagaaatg
atateggtgg
aatgtcaagg
tgattattta
gacgtgggaa
aaggttaagg
tcacatgggt
cctgagaagg
aatgccagtg
cagaggaatg
cgctteectga
ttgtttgeca
cettacattt
tgagcagttt
gcagcagcaa
tgagtaaagyg
gectetegtg
tacatataca
ttttggatga
ccagccactg
ceetetgece
atcatcttea
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1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2lel
2221
2281
2341
2401
2461
2521

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
le21
1681
1741
1801

SEQ ID NO:

agagccagtt
gttccecacat
cattagactg
cgtaccacag
gtagggtggt
aataatcact
gtcaatctcet
cagtgaagat
tgacttcaat
agaactgcat
cctttecagaa
taagatttct
cttctatgga
tttacattta
agtgatttat
aaagcatgct
gtggcaacag
cgcagtegeca
ggttgataat

46

gtcececegege
cctcttetece
agccatgtcc
caccgcgagce
cctgggeage
cgtgtatgece
cctgcaggac
ccgcaccaac
caaggtgecgce
gggccaagge
gcaggtggac
cgaggacatc
cgaaaacacc
ccttgaacgce
agaggaaatc
tgtttcecaag
ggctgccaag
tgaggctgcece
ccggagacag
cctggaacgce
agacactatt
ccttegtgaa
ctacaggaag
ctccectgaac
aaggacactt
tcagcatcac
gcaagaataa
ttttcaggag
ctcctacaag
tagaatactt
gtatccaacce

47
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Figure 10 (cont.)

cccatgecag
cgggttgact
ggatgccette
cacctgattc
cctgatggtt
ataacctgga
ttgcacctce
taaatgaatg
atagtagctc
ttgattaaag
ggccgtgaag
aaaatatttt
agatttttaa
ttcaaagtca
gcttgatttce
tatacaatca
tccatgacac
tattacaacc
tgtcttcagt

cagagacgca
gggagccagt
accaggtccg
cggccgagcet
gcgetgegece
acgcgetect
teggtggact
gagaaggtgg
ttectggage
aagtcgcgee
cagctaacca
atgcgcctece
ctgecaatcett
aaagtggaat
caggagctgce
cctgacctcea
aacctgcagg
aaccggaaca
gtgcagtccce
cagatgcgtg
ggccgectge
taccaagacc
ctgctggaag
ctgagggaaa
ctgattaaga
gatgaccttyg
aaaagaaatc
cgcaagatag
atttagaaaa
tttaaaaggt
aacttggttc

ctctecccaa
gtctttgttt
aaggtaggga
tgaggaggct
tctgacattg
catactgtac
atttgttcat
aatataggta
taatattatg
aaggctececcc
catttacact
gatgctgaaa
tacaggttgt
aaagggaaaa
taaatgcaac
tgtgcaactt
ctgaaaacat
atgtttcaca
tgctgctaag

gececgegetec
ccgegecacce
tgtectegtce
ccagccggag
ccagcaccag
ctgcegtgeg
tctegetgge
agctgcagga
agcagaataa
tgggggacct
acgacaaagc
gggagaaatt
tcagacagga
ctttgcaaga
aggctcagat
cggctgeect
aggcagaaga
atgacgcccet
tcacctgtga
aaatggaaga
aggatgagat
tgctcaatgt
gcgaggagag
ctaatctgga
cggttgaaac
aataaaaatt
catatcttaa
atttggaata
aagtttacaa
attttgaata
tgcttcaata

gtgctecact
tgtecattget
cectatetgg
ctcagtagat
aatagaaaac
tagatgcetgt
ctgtgaaatg
gactgcctaa
gtecttgagg
taaaaaaaga
ctttaagaca
gaggtgtgct
ttectatttta
gaaatccaag
ttatgtttat
taaactttaa
catttgtgga
cageccetget
tgattttgea

caccacccac
gcecgccgece
ctcctaccgce
ctacgtgact
ccgcagecte
cetgcggage
cgacgccatc
getgaatgac
gatcctgetg
ctacgaggag
ccgegtegag
gcaggaggag
tgttgacaat
agagattgcce
tcaggaacag
gecgtgacgta
atggtacaaa
gcgecaggea
agtggatgcc
gaactttgcce
tcagaatatg
taagatggcce
caggatttct
ttcactcecet
tagagatgga
gcacacactc
agaaacagct
ggaataagct
cataatctag
ccattaaaac
aatctttgga
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gaggcttceg
tgctetggcet
gtcagettgg
atctgttgag
agcteccctat
ttttgtectga
aagaaaatgc
tctggcactt
atcttactgt
gtcatacata
aattcccatce
tcagttgggt
ctttttetgg
aactacagaa
acataattta
gaactctgga
gtggcgtaga
cggtttgatt
aatttc

acccaccgeg
aggccatcgce
aggatgttcg
acgtccacce
tacgecctcegt
agcgtgeccg
aacaccgagt
cgcettegeca
gccgagceteg
gagatgcggg
gtggagcgceg
atgcttcaga
gcgtetetgg
tttttgaaga
catgtccaaa
cgtcagcaat
teccaagtttyg
aagcaggagt
cttaaaggaa
gttgaagctg
aaggaggaaa
cttgacattg
ctgcctcttce
ctggttgata
caggttatca
agtgcagcaa
ttcaagtgcce
ctagttctta
tttacagaaa
tgettttttt
aaaactc

taacacctct
gtgtetecct
caccccaaag
taaccagaat
ttgatcttaa
cttctactcet
tcatggagtt
gccacgceagce
cttatggecce
ttccatttgt
caaaaatagt
ggcaaatttg
ctgaaaggat
gagcagttga
aaactcaaag
tgaatacatg
gttcagtgtt
ttctecacgt

cectegtteg
caccctccge
gcggeecggg
gcacctacag
cceegggegg
gggtgcggct
tcaagaacac
actacatcga
agcagctcaa
agctgcgecg
acaacctggce
gagaggaagc
cacgtcttga
aactccacga
tcgatgtgga
atgaaagtgt
ctgacctete
ccactgagta
ccaatgagtc
ctaactacca
tggctegtea
agattgccac
caaacttttc
cccactcaaa
acgaaacttc
tatattacca
tttctgcagt
acaaccgaca
aatcttgtge
tttccagcaa
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61
121
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1141
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1381
T 1441
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ggccagecga
aacttcgcca
accaccatgg
tttgaccagg
caggacacta
gtgcggaagg
tccgaggaat
attctecaatg
gteccagtcecta
gacaagttgc
gagcggatcc
gaatatctga
aacaagaaag
cagaatgaca
ttcaatgata
tatgctcece
ctatacatgce
cgggaggaga
cgtgaaatgg
aggctgaagce
cgtagggete
gccaaggagc
cagaaaaaga
cagctggaga
cagatggtac
cctecatgtgg
gctagtgctg
actgaggcag
gccaatgcca
cgactgggce
cgcattgacg
ttttecttgt
taactagagce
cccettagee
ccteetttet
ctagaggtac
gtcaagtgtg
agggtecctga
ggatatcttce
atttaggctt
ccagatcgga
aattteteccc
gaagggcatt
gtaggagtat
tccagatcetg
ccagctataa
gaaaagagag
tcttececcete
catctagagc
tgagagaagce
ttctcatcac
cccaggtett
attctggecet
ccttctetgt
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Figure 10 (cont.)

atccaagccg
actcecgetge
atgcagagct
tggtgaaaac
aaggtttcte
aaagccccect
tgattcagga
atgatattta
agtatggcga
tcccgcagag
aggtgtggca
agattgctea
gctcagaget
gactaactcc
agaaatttgt
ggctgeggat
geecgtegeaa
agcaccagaa
cagagaagga
agatcgagga
tggaacttga
gtcaagaagc
ctcaggaaca
tggceccgaca
aggaagactt
cagagcctgce
acctacgggc
agaagaatga
gagatgagtc
gagacaaata
aatttgagtc
cceccacacte
agcectggag
cccaceccact
cttctetgtt
tttccacttg
gagtaggttg
gatttacacg
tecaggatgt
tgtaacgatt
tctgttgcaa
cagggtggat
ggccattcta
aggcecggtct
cagtcacttc
cagtagggat
gatatgttca
tcagagctac
ttgatgccag
ctgtgecctg
tccectccaa
gacaccagct
agtcecttcecce
ctcatgtgtyg

tgtgtactgc
ctttgccgece
ggagtttgcc
tattggettg
cacctggcetg
gctctttaag
catcactcag
ctgeceegect
cttcaataag
agtcctggaa
tgaggaacac
agatctggag
gtggetgggg
caagataggc
catcaagccc
taacaagcgg
gectgatacc
gcagatggag
gaaagagaag
acagactaag
gcaggaacgg
tgaagaggcc
gctggccttg
gaagaaggag
ggagaagacc
tgagaatgag
tgatgctatg
gegtgtgeag
caagaagact
caagaccctg
tatgtaatgg
ctacacctaa
tcatgccaag
tececetgggea
ccattgaatc
attttgcaaa
gaagctagcet
gttggagtgt
caactgacct
gggggataaa
actecagectce
gggggaaatg
ttgtggcaag
aaagtgagct
gtgggatctg
gagtacccaa
cacctagcgt
ttgggccata
taggctcaac
atccaagttt
agaggtgact
gttectgtcec
acacccecac
ctettettet

gtgctcagca
accatgccca
atccagceca
agggaagttt
aaactcaata
ttccgtgeca
cgcctgttcet
gagaccgcetg
gaagtgcata
cagcacaaac
cgtggcatgc
atgtatggtg
gtggatgccce
tteccectgga
attgacaaaa
atcttggect
attgaggtgce
cgtgetatge
attgaacggg
aaggctcage
aagcgtgecce
aaggaggcct
gaaatggcag
agtgaggctg
cgtgetgage
caggatgagc
gccaaggacc
aagcacctga
gccaatgaca
cgccagatcce
gcacccagcce
ctcacctaac
catttaatgt
aatgaatggce
tgtatggcta
tgcecttaca
cecectectet
tatgeggtcet
aaaatttgcc
aagatgttca
aataagecctt
gtgccttceaa
gctgagtaga
ctatgggcag
cecectecectg
aagctcagec
cagtattttc
gctccectgcete
tagggagtga
actcaaccet
gggccctgece
ttggagetgt
cecttgetet
ttectacagta
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ctgcecegaca
aaacgatcag
acaccaccgdyg
ggttectttgg
agaaggtgac
agttctaccc
ttctgcaagt
tgctgetgge
agtctggceta
tcaacaagga
tcagggagga
tgaactactt
tgggtctcaa
gtgaaatcag
aagccecgga
tgtgcatggg
agcagatgaa
tggaaaatga
agaaggagga
aagaactgga
agagcgaggce
tgctgcaggce
agctgacagc
tggagtggca
tgaagactgc
aggatgagaa
gcagtgagga
aggccctcac
tgatccatgce
ggcagggcaa
tectagggacc
tcatactgtg
agccatggga
tcactatggt
gaatatccta
cttactgttg
ccectaccac
agggaatgag
ctccecatcecec
gtcatttttg
gtegttgact
gaccttcacc
agatcctacc
atctacccct
cttcaatacc
agccccatca
cctgctaggg
cacagccatce
gtgcaaaaag
ctcaggtgac
tctgtttgac
aaaccagaga
caacccagga
ttatgtactc

gtcctageta
tgtgcgtgtg
gaagcagcta
tctgecagtac
tgccecaggat
tgaggatgtg
gaaagagggc
ctegtatget
cctggecgga
ccagtgggag
tgctgtcctg
cagcatcaag
catctatgag
gaacatctet
cttcgtette
gaaccatgaa
ggcacaggcc
gaagaagaag
gctgatggag
agaacagacc
tgaaaagctg
ctcecegggac
tcgaatctcc
gcagaaggcc
catgagtaca
tggggcagag
ggaacgtacc
ttcggagetg
tgagaacatg
caccaagcag
ccteeteect
ctggagccac
ccaaacctag
gccaatggaa
cttctecage
tcectatggga
tgtcttette
acaggaccta
gtttagagtt
tttctaccte
ttagggactc
aaacatacta
ccaattectt
tacttattat
caaatcecctcet
ggactcttgt
gttttaggtc
ccagccttgg
ctgagtatgg
caaaatccce
aaacctctaa
gctgctgggg
gcatccacct
tactgatatc
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3241
3301
3361
3421
3481
3541
3601
3661
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3781
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SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
i081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221

SEQ ID NO:

taaatattga
ggatgatttt
aaaatgacat
gtcactatag
tttgtcttct
ctagcttaga
gaggagtctt
aaattgaaac
cccttaggga
ttgggttttt
gccaataaaa
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ggtgtgcccg
acagcccttce
ttttectgtcee
agcgaacctg
ctgactcaag
tceccaggagt
gtcaacccce
gggaggaacyg
gaggagaaga
accttgcaga
tgtgagctca
gtececectgttt
aaggaagggyg
agcatcagcea
ggggtcetgg
ctggacttgg
gtgtectgacg
cctgacctgt
aggccaggtg
aggcggctat
ggtcaacgtg
gaaagagaat
ctecetggaac
caccctgaat
caacgacctg
cacaccagac
agccaacagc
cgtggctgtg
ctataagaag
gtctcgtaag
cctectgeag
cgatctgagg
ctccectgcetce
tecectegee
tggcectgea
ctcatcccaa
gttttttett
gtagcctcecte
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tttectgectt
ggcctceatta
tttgecaaaa
gtcatacaat
ccccagggtt
gectececctea
gtgtgcattg
ctggaattgt
ggctggggga
taaaaattgt
tttaggaaga

gagaggctga
tgaagtgcgg
acaaggagaa
gggagtacga
tcacccecca
accgcatcea
tgggcatcece
ggtaccccat
accgggtcca
gtattctgaa
actaccggcet
tctacccgac
accgecgtgga
agcagaaccc
tgctggagcec
acaccatgat
tccgagtgag
gaggcagaga
ctggaaaggg
cgctgegtygg
gccatttttg
atggtgttga
gtcaacggca
gtcctegtga
ggcaaaaaca
tccaacacaa
acctccacag
attgtgtgcea
ggcaagctgce
agcgaacttg
ggcagcagceg
cattagccce
actcttctct
tgecacaccce
aggcccgett
gcaaggagcce
tacacacatt

‘tgagetggga
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Figure 10 (cont.)

ccttgctaat
ctttaccacc
ttattaatat
ccattcttaa
cagtcctcaa
attcceectg
ctgtgaatta
ggggcaatct
aaaggttaga

ttttggaggg
ctte

gcagecectgeg
cctetececag
gecggacgetc
gcagcggetce
agacgagecgce
gctecgegte
tgtgaacagt
tcctecaagte
cattcagtcg
ggcacagcetg
gcccagtggg
agaaaaagtg
aatcaggtgt
cagcaccagg
tgceccggaag
atcgctgcetg
tccecgecagea
gtagccagga
ggcectgtget
cgtctgtgece
gcececececttg
atctgtettg
cggcaagtga
cceceggaget
ccagcatcct
ccactggect
agagaaagcet
tcctggtect
cgtgcaggeg
tagttgaagt
gtgacaagag
gaatcacttc
cagccaaagc
ctttecagagg
ttecagggacc
ccagtctccce
atggctgtaa
ttacaggtgt

gcaccattag
cccacacctg
aagaagcettt
agtacttgtt
ggggccatcce
gccaccaccc
gctcacttgg
attaatagct
ttttgtattc
gtttatgctc

cctgagctgg
tcccaaggea
atcttcegtyg
agcctccagg
atcttcttgt
tacaaagctce
aaggagcctyg
atctggtaca
tccecagactg
gttaaagaag
aaccacatga
tggctggaag
ttggctgatg
gaggcagagg
gaacacagtg
agtgaaccac
cactgagaga
cctecgagtte
tcagttgcat
cagcataccc
gatggcattc
tgaagcgtca
acaagaccaa
gttggagaca
cttcctagag
cagcacttcc
gceggagecyg
ggcggtgetg
ctcagggaag
taagtcagat
ggetceggga
agctcccette
ctccaaaggy
gccactgggt
agtccaccac
gagegggtag
atacctggct
gagccactgc
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aagatattag
gaaagcatat
cagtattagt
atttgttttt
tgtceccacca
cccactctgt
tgatatgtecc
geccttaaagt
aggggttttt
aatccatgtt

tggaggtgga
acctcagcca
tgcgecaggg
acagaggggc
gccagggcaa
cggaggagcece
aggaggtcege
agaatggccg
tggagtcgag
acaaagatgce
aggagtccag
tggagccegt
gcaaccctce
aagagacaac
ggcgetatga
aggaactact
caggaaggca
cagtggctga
gacctgaaac
ggcctgaacc
aaggagagga
gggcacccec
gatccacagce
ggtgttgaat
ctggtcaatt
actgecagtce
gagagcceggg
ggcgcectgtec
caggagatca
aagctcccag
gaccagggag
cctgectgga
actagagaga
taggacctga
catctccacg
gagagtttet
cctgccagcea
gcccagccaa

tettggggea
actatattac
gatgtcatct
attattactg
tgcagtgceccce
gcctgacctt
tatattggct
cagtaactta
tgtgtacttt
ctatttcagt

agtgggcagce
tgtcgactgg
ccagggecag
tactctggcee
gcgecctegg
aaacatccag
tacctgtgta
gectctgaag
tggtttgtac
ccagttttac
ggaagtcacc
gggaatgctg
accacacttc
caacgacaac
atgtcagggce
ggtgaactat
gcagcctecac
gagaagagac
gggaggcadg
gcacacagct
aggtgtgggt
ggcccaccat
gagtcectgag
gcacggectce
taaccaccct
ctcataccag
gegtggteat
tctatttect
cgctgececcece
aagagatggg
agaaatacat
ccattcccag
agcctcectge
ggacctcact
ttgagtgaag
tgtagaacgt
gctgagctgg

1 caaacttggt ggcaacttgc ctccecggtge gggegtctet cccccaccgt ctcaacatge



WO 03/012067

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
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SEQ ID NO:
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

ttaggggtecc
cctcecacggg
cggtggetgt
atcaacagtg
gecgaggttt
ctgggaacac
actgtacctg
atgaaggggg
gttacatgtt
tagctgagaa
agaagcccta
gecatcacttg
ttggagacac
gcaacggccg
gatctggece
ctecteecta
ggctgaagac
gccaagagac
taccattcac
aatactcettt
gtgccttgtg
agggcagaag
agtttgggtt
tgtaccgcat
cgtgtgttgg
agtgcattgt
aggggcacat
cecgtegacca
agaagtatgt
ggcattgcca
ctgagactcc
acatttccaa
actgagtctc
caactctgat
tggtcaatta
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accececegeac
tgatgcttcg
ccatcaacaa
cccagategt
gacagtgcett
actgtgactc
gccacgagga
aggectgegg
ggccgggatc
agacccctga
actgaggeccce
ctectggggaa
agactcggac
aagctgcaca
ttttttgggg
aggaagttgg
taaggtccct

ggggcccggg
agcctcgaag
cagtcaaagc
ggagcggace
taactgcgag
ttaccgagtg
catcgggget
tcagtcctac
agagtgtgtg
gtgttttgat
ccaaggctgg
cacttctaga
ctggagcaag
aggagagtgg
cttcacegat
tggccactgt
acaaggaaat
agctgtaacc
ctacaatgge
ctgcacagac
ccacttcecce
agacaacatg
ctgceecatg
tggagatcag
gaatggtcgt
tgatgacatc
gctgaactgt
atgccaggat
gcatggtgtc
acctttacag
gagtcagcce
gtacattctc
ctaatcttat
taactattce
aattgacttg

ccagctcege
ggtcctggtyg
gctggcactg
gggccacagc
cagctacagce
ctgcatgcca
ggtgcccagg
caaggagcct
ccagcececgge
gcccgaggac
ccccaactet
gtcaggggag
ttgaatgctg
atttaatata
ggggtggtet
ctgageccecatt
gggggtgeag
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Figure 10 (cont.)

ctgctgctge
agcaagaggc
aagcccggtt
tacctaggea
agtaaacctg
ggtgacactt
gggcgaggga
aagattggtg

tgtcttggta’

catgctgctg
atgatggtag
aatagatgca
aaggataatc
aagtgtgaga
gttcgtgcecag
gtcacagaca
aagcaaatgc
cagacttacg
aggacgtgca
cacactgttt
ttcctataca
aagtggtgtg
gctgeeccacg
tgggataagce
ggggaatgga
acttacaatg
acatgcttcg
tcagagactg
agataccagt
acctatccaa
aactcccacce
aggtggagac
caattctgat
tatagcattt
tagactg

aggaccggceg
ggggctgtcce
tteccecagata
ggctgtgagg
gteccececaaca
gcccagtceca
gtggacaagce
agtcacgagg
acccaccectce
ccceetgggg
tecectececte
aagctgaagce
cceggttgece
ttcaagagtg
cttectgtet
gagtgetggg
atggtactgce

tggcecgtect
aggctcagca
gttatgacaa
atgegttggt
aagctgaaga
atgagcgtcecce
gaataagctg
acacctggag
atggaaaagg
ggacttccta
attgtacttg
acgatcagga
gaggaaacct
ggcacacctc
ctgtttacca
gtggtgtggt
tttgcacgtg
gtggcaactc
gcacaactte
tggttcagac
acaaccacaa
ggaccacaca
aggaaatctg
agcatgacat
catgcattge
tgaacgacac
gtcagggtcg
ggacgtttta
gctactgcta
gctcaagtgg
ccatcecagtg
ctgtgagtat
ggtttetttt
actatatttg

ggcgegegeg
tcectgecat
agagtgcctg
ccaagtccat
cecttececcaca
tgtgggagat
tggtggagaa
ggctgagecgt
acccccatcc
ccecececacac
tcatecccect
cececeetttgg
atggagatct
gggggaggaa
ggcttctaga
ggaggccatc
tgaggtcccg
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gtgectgggy
aatggttcag
tggaaaacac
ttgtacttgt
gacttgcttt
taaagactcc
taccatcgca
gagaccacat
agaatggacc
tgtggtcgga
cetgggagaa
cacaaggaca
gctcecagtge
tgtgcagacce
accgcagcect
ctactctgtg
cctgggcaac
aaatggagag
gaattatgag
tegaggagga
ttacactgat
gaactatgat
cacaaccaat
gggtcacatg
ctactcgcag
attccacaag
gggcaggtgg
tcaaattgga
tggccgtggce
tcetgtegaa
gaatgcacca
ccecacccaga
tttceccaget
tttagtgaac

ggctctggag
gctactgget
gtgcgaagcece
ccagaacagg
gtccacagag
tgtgacgctg
gatcctgeac
ctatgtgcag
ccacccccat
agaggaagag
gtggaatgtt
cactggatgg
gaaggggcgg
gcagaggtct
gatgtgcctg
caagatggca
ggcttagtgt

acagcggtge
ccccagtcece
tatcagataa
tatggaggaa
gacaagtaca
atgatctggg
aaccgctgec
gagactggtg
tgcaagccca
gaaacgtggg
ggeageggac
tcetatagaa
atctgcacag
acatcgageg
cacccccage
gggatgcagt
ggagtcagct
ccatgtgtcet
caggaccaga
aattccaatg
tgcacttectg
gccgaccaga
gaaggggtca
atgaggtgca
cttcgagatc
cgtcatgaag
aagtgtgatc
gattecatggg
attggggagt
gtatttatca
cagccatcte
aaccttggat
tttgagccaa
aaacaatatg

gccacgggca
gccccaccac
aagaacatca
gcgtgcctag
tceetggtte
gagtgccegg
tgtagctgee
ggcgaggacyg
cctggeggge
ggggctgagg
gggtctcact
acttggettc
ggttagagcce
tcagggctct
tgggaggggyg
tgaatcggge
gagcatcttg
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1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781

ccagcctcag
cggcccacag
ccagtggcac
accctgetga
ccttggettg
aggccagaag
ctecectgtta
ctgccagagce
gtgtgggagt
gctcgetgaa
gggttecactt
ctttaaccct
agcccctegt
ccactgcecte
gettgteacce
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atcegteeceg
gaggaggagc
acctagagtce
tgccatggaa
cgccattatt
ctacaagagc
cttcgagcag
gcgaagggcece
ccggaccect
ccttgaagat
gtcagetggt
ccaggacctg
tgttctctgt
tcacagaagg
ctgectggecta
aaatcgatga
gcagaaattg
tactcgttca
ggaggagatg
tttttaactt
aaaacgccta
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tggggcagce
ccccecagtgece
agaacccagg
ttcgececte
ccecegececee
cctaccctcece
ggcagttcaa
gageccaacat
ctggeggett
caccccececagg
ctgtgecggg
agccaccagt
tgcecgageta
agtttggaag

gcttgaggga
gtttccccaa
tgaagtggce
ctcgtggege
cctggtgggg
gagggggaca
gaaatgttag
cggecgectt
gaggggttac
cctcgaggaa
gggctcetcete
agaaggtggg
tgcccagcac

ctgcctgggg
attggacagt

gataagaccc
gcagcccegge
atggeccatgg
gatgcccaga
agcgtecttg
accatcggcea
gtgattgtgg
atgaagggag
gaggagatcc
gacattecget
gggagggatg
tatgaggctg
teccggaace
atattgaaca
tagtaaagtg
agggcttggg
acatgttgga
tcaagggtga
attaaaataa
catttttcta
cagctgectce

gcgeecgegg
ccgagtgece
cgececgegeec
gecgtceggag
aggtggctac
tccgeccage
ccaggactat
gcccaacctg
tgggcagcecce
aggaaaccca
ccagccecatg
gacctaccct
cccaggatac
ccgaggcacc
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Figure 10 (cont.)

gggctgggcet
ggcctcteac
ctcectecage
gggagcetggg
gaaggggadg
accccccaag
tgceccegeac
ctcecectete
ctcecectegee
ctccaggacg
tagctcececa
gacctggggg
tgtctgegtce
tggectggec
ctecectgatg

gctgtctggce
ctcgaagaac
caaccaaagg
ccctgaggaa
cctaccgcaa
gggacttgat
ggatgatgac
ccggcactga
ggcgcataag
ctgacacate
aaggaaatta
gagagaagaa
gaaatcacct
gagtattaaa
catgaggaac
caccgatgat
tatcecgggca
cacatctgga
aaatcccaga
cactgctatt
ct

tgttttececge
cgcgggccce
gggacgcccg
tectegtgge
ccaccagctg
atgcecccecca
ctctecgggaa
taccctgggg
cecetetgece
ccectecagga
ccacceceecyg
ggtcageccte
ccggggtetg
atcactgatg

agaaagacca
cccacttecce
ggaggggttt
agcecaggcetce
aggggaagaa
accatcccetg
tgtgceccaa
ccagggatgce
ccaaggttcc
aggaggacat
attctgecetyg
gagggacagg
tgctettetyg
ctcetggetg
gaccctcagt

cctgagtagg
ttctgettgg
aggtactgtc
ggccatgaaa
caccgeccag
agacgacctg
gccecacggtg
tgagggctge
ccaaacctac
gttcatgtte
tetggacgat
atgggggaca
gttgecatggt
tctgaaacat
aaatctgcat
aacaccctca
cacttcaaga
gactacagga
aggacaggag
atcattatct

ccggegetygg
gcgagcggga
cggagagagc
cagatctaac
caccaggtgg
tegggctgga
tggcggcecaa
ccecctgggge
agcagectgt
tgcectceata
gacagcagcc
cagtgecact
ggactgtcac
ctceceggett
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ctggcagaaa
atctccaggg

gggagtcagg
tcecgggeett

ggaaagggaa
aagacgagca
gttetaggec
tetttgtaaa
agaggcceta
gggacttgcg
ceteceteect
gecaggceggge
tgccecagggt
ttgcgacgcg
cttetecatga

gtgtgacctce
gtggectgaac
aaagctgett
gggcteggea
cgccaggaga
aagtcagaac
ctgtatgacg
ctaattgaga
cagcagcaat
cagecgagtgce
gctctegtga
gatgaggtga
ttgatgaata
ctggtagett
attttgetga
tcagagtgat
gactctatgg
aagtactgct
gattcteaac
cagaatgett

cggctgetgce
gtgggaccca
cactceccgcece
catgagctac
tggtccctgyg
taacgtggcce
catgtctggg
tggctaccca
tcctecctat
tccgecatac
cccaggggcece
cectgggcag
cceegetgtyg
tgacccectg

caggaggcte
aagcgtcgce
cctgggcagg
tctetggett
gagtcttcca
tcccecctect
ccccagaaad
tatcggatgg
ggegggatgg
tggacagtca
cccagcetgea
ccatgaagaa
ggctgeccagce
ggcttetgga
ataaattc

cgcagccgea
tctgatcttg
caggattcaa
ccgatgaaga
tcaggacagc
tgagtggcaa
tgcaagagct
tectggecte
atggacggag
tggtgtctct
gacaggatgc
aatttctaac
caaaaggata
tgaagatgct
aaagctctat
ggtttctega
aaagtctctg
tgttctectgt
actttgaatt
atttccaatt

gceegegget
gceccctagge
cacgtcccat
cctggetatce
ggaggtgcetg
acctatgcegg
acatttggag
ccagtgceccac
gggatgtatc
ccaggggecce
tacecctggge
cagcagccag
ccececaacec
cgagatgccg
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841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321

aggtcctgcg
tggggagteg
gcaaggattt
tggctctgat
gggttggcac
tccgagaatt
gaagcgacac
atgaaagcac
ccggggagaa
gccgggcocca
agaagagcat
aatgtctcaa
caggaacaaa
tggacatcag
gagatacttc
cagtgactgyg
aaagaatgtce
aggcctgtet
aactctctca
gtttcatttt
tttcgtcecatg
ccagacagag
gggtgaagca
gtgcatctgyg
aacaaaaaaa
aaagccagtt
gaatgtcetgt
gaaatgtc

53

tagacgcacc
caaggcctte
actgatttet
gtcatctgeca
cactataact
gattcatcaa
ttactattge
tgtggagaat
cgttgcagga
tgagttacct
ctttagtgga
ctatacttgt
agaatttatt
tgagacaatg
gttgagtgac
gctaggggaa
cacagtgctt
tgccaagaat
tttccagaag
tttecatctat
ttttctececa
gactgttgag
ggtcttggaa

gaaggccatg
ctccaacaag
gatcaaagat
gaagacccca
tgatgaagcce
aaacagagcc
atcagggcac
aaacgtggac
ccgectggga
cctggtagea
ctgccgggag
gaatacccca
ggaccggace
atcagagtat
aggggattac
tggctcactt
tgtttectaac
tccaccecte
ggatgecttt
tctgactcat
taattgtata
gcatacaagt
ccgtgtecte
tgagtgtgtc
aagggccaga
ccectgtecagt
agccaaaact

ctctgaagat
tccaagaaga
tctetggagg
aatgaaattg
tggtataaag
cacaaagaga
gtggtaagaa
gagcctaact
gacggaggac
aaattacagt
gtcaaagata
catgcatcct
actctagagg
gaagtagact
attgecttact
gactattaca
aatatatcgg
acacatggta
cacatgattg
aaaatcttca
ataaaagett
gaagggtcta
aaacagtgtg
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Figure 10 (cont.)

aaaggcttcg
cagecggcage
ctgaaatctg
gtcctetttg
tgcetgattg
tacaaagcag
tteccageggce
atgtcactcg
acagacgagt
gttttcaatg
atgtccgggg
gcettetttg
ctgattcgca
aagcggatgt
cggaagattce
ctgcceacct
aaatccacaa
ctgacccgta
tectaccccat
gcaatcattc
tttttatttg
ctgtttgetg
gctgaggaga
acgagctttg
aagtcattcc
gacagggctt
tgtttecaca

ggtgactccce
atatgaaagt
ctgataaatg
atgttcegtec
atgacagcaa
aactttggtt
attcatctta
tatgttataa
ttgtgtgccce
ggtataagga
ggctcategt
acacatactt
aaaacaaacc
tgggatccca
ggaagtggaa
gtgtggaaaa
aaattgaaag
tagatgcagc
gtatatgtgt
agattgacat
cagatggaaa
cctetgactg
gatataaget

ggacggatga
agatcctact
aactgtcagg
acatttatga
agatcctege
aattcaaaaa
tccteatcete
cccagagaga
ccaagttcaa
agtaccagag
acctggagga
cggagaggct
tcatggtgtc
acggcaagtc
tgctgaagat
gccggcaaca
atagcccecga
tagtgtgeea
ccetcacage
ccctttgect
gaggcatatt
catacacatt
gaaagggagg
ttactgccaa
ttccatectte
cttgtaattt
ttaagagtca

tcctgagaag
gttactcaga
caaggaacgt
ctgtcetett
gacacctgta
tgttecctgct
ctgecctcecaga
tgcacaagcce
ttatatggag
ttgcaaacct
gatgaatgtg
gggcaagcaa
cacaaggcct
gatacaattg
tgggtcagta
tcetgeaaac
tagattttat
atatatccag
cacgttgaca
tgtgetttgg
gacctatgac
tgatattttt
gtteatttat
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gcaggccatc
ttecettecaag
aaactttgag
gataaaggaa
ttcecgeage
gaccctggaa
tetcteteag
tgcccaggag
tgcggttcetg
aatgacaggc
gggcatgcetg
caacaaggcc
tecgcagegag
gectgtaccac
ctgtggtggce
ccagtgecag
gattcaccgt
caggacetgg
ctettgetge
gtggctaaga
ttcttttett
tetggtgagg
cgtgectgag
actcactecct
cttgcagaaa
gtggtatgtg
gccagetetg

ctggacccct
cttatttgtt
gaagaaaaaa
aacccaaatg
tctacagaac
aaggtggagg
attaaaataa
atatttaagce
ttttttaaaa
ctacttcettg
gctgaaaage
tatcctatta
gtgattgtga
atctgtaatg
attgatgaag
aaaagaagga
aaacatccat
ttaatatatc
gtcataattg
tacagggatt
gcatatatac
gtgtttaaag
ggaagggatg

attgactgcc
acggcettacg
aagacaatct
gccatcaagg
aatgagcaca
gaggccatte
ggaaaccgtg
ctgtatgcgg
tgetecegga
cgggacattg
gececgtggtga
atgagggggg
accgacctcc
gacatctcgg
aatgactgaa
gaaaaggcca
cctagagett
gteggtetag
taaaatagat
cttggcttca
acagtcattg
gegactgggt
aaggtagcct
ttttagaaaa
ccacgagaac
ccttaaacct
gaatggtcetg

tggtaaaaga
tcatagctct
taattttagt
aacacaaagg
aagcctecag
attcaggaca
gtgcaaaatt
agaaactacc
atgaaaataa
acaatataca
atagagggaa
cccgggtaat
gcccagctaa
tcaccggcca
atgacccagt
gtaccctecat
ttacctgttt
cagtcactaa
tgtgttctgt
cctgctatga
tgtatccaaa
tcttgectga
actacgttgg
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1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561

ggaagacatt
tttagtcaga
catgtataat
ccaagactat
cegetggtea
tgtcaggtac
accagccact
agttgecaag
catgctgact
tggaatcaga
gtagagggcet
ataatecceag
ccagcecage
tggtggcaca
ccggggagac
gagcaagact
aagaaaaggc
acagatggct
cectgtagagt
tgacacctcea
ccatacacat
gaaaactcac
agcttteccac
cttaatgctt
tctttggagg
cacatgaacc
tceecaggggce
ccagaccacce
caggttggcce
gcacccttee
tttaccaaaa
cgacttecte
atctgggagg
ggctgtctet
taatgettta
attttatata
acctaggact
ggtcaataac
gctaggaagt
aatgttggaa
attctttcce
aaatttatat
agaggacttt
ggaataataa
ttecacctge
ctgctgttee
catggagcag
cagattattt
gccaatttgg
aagaattaca
gtgggtagag
aattctggag
ccactaaaac
ttttttatgg

gttgaggtca
gaaacatcag
getettgtte
gagaaaatgc
ggggacttta
cacatgccag
aaggagaaac
agttctttag
tgcagagttc
ttattaaggg
tgggaagatc
cactttggga
caacatggca
cgcectgtaat
ggaggttgea
ccgtcteaaa
atggagacag
tagttaagtc
cactgaccct
ctgaggaagyg
ccccagecag
ttcaatgaac
aggagggaga
tcectecetgg
aacagctcec
atccttccceca
tccacctgtt
tcecetgeeet
tggtggccat
tccteetttg
ttcagaacat
tccagectte
ctggtectece
gtcecctcact
tgtttaaaaa
tagagaaagt
tgagcctceea
ggtccececcect
gaccgagtct
ttttcaaaaa
tagaggcaaa
gccaccgatt
tggtttttat
ttttecteet
tttetectgg
aacagacagg
ggatgtcacg
tagtctgtca
aaacttaggt
agtagaatgyg
gaagatccaa
gaagaagaca
aaaacaaaaa
cattttttta
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Figure 10 (cont.)

ttaatgaaaa
gcttcagetg
aggatggaat
cagaatcgat
cacagggacc
tccagcgacg
tgcaaagaga
gtgectectg
atggaatgta
aataagccat
ttttaaaaag
ggctgaagtg
aaaccccatce
cccagctaca
gtgagccgag
aaaagggcaa
cgaactagaa
atccacagcce
ggagcggcete
gagacatatt
aagttagtgt
aaagggattc
gaacttaaaa
catgaccatc
tagtggcettc
tgatgccget
caggagctga
gtectececage
gtecgectgee
cctaggaggce
cctecaattce
tctetetggt
tcecagetgga
gccttecagg
cattccccaa
gacctatttt
tttetggett
cactccacac
aggaatgett
ttgtgtttag
catttcttaa
gcaggacaca
atttectegta
aaacaaaaac
gccegetttg
gcctagettt
tcttgaaaag
tccagaaaat
tagtgacaaa
cagctggaat
acagaaaagt
cattcctagt
acttttaatg
aagatgcect

cgtaaagaaa
getgggtggt
taaagttgte
taaattcatt
acagtctgea
gtcaccttca
ggctcacgtg
tettatggeg
actatatcat
gacgtcaata
gcagtaggcec
ggtggatcac
tctactaaaa
cctgaggetg
tttgggccac
taaatgcccet
gaaagggcaa
caagggcggg
tcctgagagg
cttggagaac
ccgaagaccg
tccaggatte
aagcaacagt
ctgtectttg
ctcegtetge
cttetgteat
agcccatget
ttceectege
ceccageacte
cttctcgcecat
cacagtctet
caggcccact
attgetgcte
agcaatttgc
ttatcttatt
ttaaaaaaat
ctagtctggt
tggcacgttt
ttattcaaga
attttatgaa
aatgtttecat
agcacagttt
tttaatatgg
acattgagtt
cectgettgaa
catttgacac
cctattagat
gtgtcageat
attggccaga
ttaaggaggg
gcaaagttat
tececeegtgaa
cctteocacat
aagtgttgaa
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agcagaagac
tcatctgaag
ctgcttgage
aagcagaaac
aagacaaggt
tetaaacacc
cctetegggt
ttgcaggecca
cctttatcece
gcagcccagg
cggtgtggtg
cagaggtcag
atacaaaaat
aggcaggaga
tgcactctag
ctectgaatgt
gaaggaaata
gctatgecectt
tgctgcagge
tttececatetg
aattttattt
caaagttttg
agcagggaat
ttattatcct
aatgtccctt
cccgcectecetg
ttececaccag
tgtcetgetg
ctctgtetet
tttctcectage
gggagacttt
gcagagatgg
tctgagggag
acatgtaaca
taatttttge
cacactctaa
gttctgagta
gtgagaagaa
caccaaattc
aaactcttet
tttcattaaa
taagagttgt
gtgaacacca
taagtctctg
ggaacagtgc
acagactaca
gttttacaaa
gcatagtgcet
gagtgggggt
acaagaatca
tcececatett
cttecetttga
taattagatt
gaagagtttg

tgattatcat
agcaaatagc
tggagaaaat
atggggctat
tctggaagaa
agttactgtc
agcatggaga
ggttatgcct
tgaggtcacc
gcacttcaga
gctecacgect
gagttcgaga
gagctaggca
attgcttgaa
cctggcaaca
ttgaactgcce
gccaccgtcet
gtctggggac
aaagtgagac
cttgtatttt
tacagagctt
aagtcatctt
tgatccactt
gcattttacg
gcacagccca
ctgaaacacc
catgtcactc
tgtgaattcce
gctcttgect
tgatcagaat
ccctaagagg
tggtgagcac
aggctgtggt
tagatttatg
aattattcta
gttectattga
cttgattteca
atgacatttt
caaacttcta
actttecatct
aatgaaagcc
atgaacatgg
acttttattt
actecttgecet
tgttctggag
gccagaagcc
tttaattttg
aagaaagcaa
gatgatgacc
atggataagc
ccaagggttg
cttattgtece
ttettgeagt
caaatgcaac
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SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601

4621
4681
4741
4801
4861

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
S01
961

1
61
121
181
241
301
361
421
481
541
601
661
721

aaaatattta
geettteotta
tatgtttgta
aagccaaatt
tagactgtac

54

ccctgeacte
tgttgctceac
gctecttegt
ccectgggetg
ccgaggggcea
cceggcagga
acgaaaagag
ccaccaccte
ceecgeatcete
agtccaagtt
agatgagaca
agctcaaagc
aaggattcta
ggtgcegtgga
agtgccacac
accccctecce
tecatttcatc

55

cgcagcgggt
gcgtectage
gccgtggece
gtgggaggcc
gcegteggeyg
gtgcgegcecece
cgaaccacgt
catctgaaaa
atgaccttgt
cctatcacct
ctgececttggg
geggectttg
cceecggtgtg

56

attaccggtt
tttgcaataa
ctagttgatg
ttttgtatat
ttatttteca

tcgetctect
cgeggtecte
gcactgcegag
cgagctggtce
gtegtgeggce
cgaggagaag
ctaccgegag
tgagatggce
cgagctgaag
tgtcggggga
ggagtctgag
cagcccacgc
caagagaaag
caagtacggg
cttcgacagce
acccccagcec
tcatttaagg

cctctetatce
cgaccatggce
tggccgtgag
ccatggacgce
agtacaacaa
gcaagcagat
gtaccaagac
ggaaagcatt
cgaaatccac
cttatgcaca
gaaggtctece
ttgctcagea
cggtgcecatac
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Figure 10 (cont.)

gttaaaactg
aaggtattga
aaggagtttt
taaagcacca
ataaaatttt

gcceccacccece
ctgetgetgg
ccctgegacyg
aaggagccgg
gtctacaccg
ccgetgeacg
caagtcaaga
gaggagacct
gctgaagcag
gcecgagaaca
cagggccect
atggtgcceccce
cagtgcaaac
atgaagctge
agcaacgttg
ccgactcecag
gaaaaatata

tagctccagc
cgggcecctg
cececegeggec
cagcgtggag
agccagcaac
cgtagctggg
ccagecccaac
ctgctettte
ctgtcaggac
cctececaccece
ccatgtgect

aggggctctyg
acccccacct

gtttagcaca
gccatttttt
ttttaacctg
aéttcatgta
caaactttgt

gaggtaaagg
ccgectatge
agaaageccect
gctgeggetg
agcgctgcegce
ccctgcectgea
tcgagagaga
acteccceecaa
tgaagaagga
ctgceccacee
gcecgcagaca
gtgctgtgta
cttcecegtgg
caggcatgga
agtgatgcgt
ccagcgectce
tatctatcta

ctctcgectg
cgegececge
ggctccagte
gaggagggtg
gacatgtacc
gtgaactact
ttggacaact
cagatctacg
gcctaggggt
cctgtattece
gcaccaggag
cccteectece
cctgcaataa
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atttatattt
aaatgacatt
tttatataat
cagcatgcat
actgtta

gggcgactaa
ggggcceggec
cteecatgtge
ctgecatgacc
ccaggggcetg
cggeegeggy
ctecegtgag
gatcttecgg
ccgcagaaag
ceggateate
catggaggcet
cctgcececcaat
ccgcaaacgt
gtacgttgac
cccecceeccaa
ccteccaccece
tttg

cgccceccactce
tgctectget
ccggecaagec
tgcggegtge
acagccgcgce
tcttggacgt
geccectteca
ctgtgecttg
ctgtaccggg
cacccctgga
acagacagag
ttcettettg
aatagtagca

tcectetett
tttgataaat
tttgcagcag
cacggatcaa

gagaagatgg
cagagcctgg
ccoccecagec
tgcgeectgg
cgctgcectcee
gtttgecectceca
cacgaggagce
cccaaacaca
aagctgaccce
tctgecacctyg
tecectgeagg
tgtgaccgea
ggcatctgct
ggggactttce
cetttecocte
aggacgccac

cccgegtecece
ggccatcctg
gecgegecta
actggacttt
gctgcaggtg
ggagctgggce
tgaccagcca
gcagggceaca
ctggcctgtg
ctggtggcce
aaggcagcag
cttctcatag
tc

gaaagatgga
aaaggagaaa
gttggaccca
ggctctgget
ccagggcecac
ccecetggat
ggacagectg
agagggccta
cececeecgggga
ggaccccctg
ggctctggaa

tcactccage
agggtgatgce
cggcaggagce
ctggtgacct
ctggecttacc
ctcetggaga
gagttgatgg
atggctcagt
aaaagggaca
ggcecececcagg
gcacccagcet

tcaaagagaa
tggggaggag
agaagcagag
ggtgggcagt
tgggattcca
ggatggacct
agccaccggce
tggtgaaaag
agctggccect
ccctggatgce
attgaatgaa

catgtgggaa
cttcetggece
ggctetggece
gagcagctgce
ggaaaaccag
gctggtgaac
cttececggga
ggtgaccctg
cctggggtca
acaatgggac
cccaaactcet

tgaaaggaca
ctectgaacce
taggctgggg
tgagaggtcc
gaactgatgt
ctgggcecce
tgaaagggga
gcaacagagg
tgggaccccec
ttggattcga
ccagaccaac

ggctgggccec
ttetgggecet
ctcggacgtce
tecaggaccce
tttcatggga
gggccctgag
gaagggagcea
cttacctgga
agggcctecct
ggataccgaa
ggctgecaatt
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661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101

SEQ

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561

ggtctcaaag
agtattgtgg
tecttgatca
cctecegggge
aggtgacact
gecgggtgcee
acctggaatg
agaatttggc
aggagatcca
tgggccacct
acactgcaaa
cggtgttaaa
ccagggagcc
gaacaacttg
agacattaat
ggctggccaa
gectgggeca
accaggacct
aggacagcca
catgctgcag
tgagtttttc
cattcctgece
tccaccaaac
gaacatgcca
tgcaggactg

ID NO:57

tagaaattgt
aactaaaggt
gcgagetgtg
gecgggeteeg
gctactggece
gccggagetyg

t
c
c
g
g
g

gagagaaagy
gaccceectgg
atatcaccca
cggacgggtt
ggtttacctg
atcctgacag
catggagccecce
cttececeggge
ggggtcatta
ggagctgtga
atgccagttyg
ggagagaaag
cagggaccac
aagggggaga
ggcagcttcece
aaaggggaga
cctggetttg
ccagctatcecce
gggcettcecg
aaagcgcatt
attcgtgtta
gacagccctce
cctatttecaa
ttttetgggyg
ttgtccacct

aattttaac
cctegetece
ccgaggggt
ggtctegga
tgtcggacg
agcgcgece

a

9
t

g
c
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Figure 10 (cont.)

agaccgggga
gccgagaggyg
tggattcatg
gcctgggetyg
gctttccagg
aggacattce
caggaccaat
,gacctggteg
tgcagggccce
ttaacatcaa
atactgctca
gatcctgggg
caggtcctce
atggagacaa
ttatgtetgg
cagtegttgg
gaagacctgg
tgggagcage
gatccagaaa
tggttataga
gagatggcetg
caccccctge
gtgccaatta
acattcgagc
accgagca

atccagagce
tgcgctgcet
cggaaggcg
ctttgggece
actecgggceg
gggacacgg

aggccaacga
acgagcggtg
caagctgggce
agtacccacyg
ccectcocegag
gaccacgcege

cccaagggay
ccacctgggce
aatttctegg
ccaggatttce
actaaaagga
tectggaaagg
ggggcccaaa
cccaggactg
acctggctta
aggagccatt
tcetgggagt
tctteectgge
acttgatcta
ggggttcaaa
gectceccagge
gccccaagga
tgatcctggg
tgtggeectt
cetggtcaca
aggaacattc
gaaaaaatta
gctttecage
tgagaagccet
tgattttecag

g
t

a
(]

g
c

aaagggggat
acatcaaggt

acattectga
cagggtccta
gaacagggcg

ctgatgggga
ggaccaccag

aatggcectca
cctggececte
ttcccaatac
ccagagcetcea
tcaaagggag
gcttacctga
ggtgaaaaag
ctgccecggaa
cccecaggtg
ccaccggggce
ccaggteccee
gcattcagca
atctacctga
cagctgggag
aacccacatc
getctgcatt
tgcttecaagce

t
c
g
t
a
a

gectttgete
cteectgggg
gcgacatgg
tgctgetge
aggacgagg
tcecgectge
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ggatggagcce
cttgtctaat
getggtgggg
gaggaccaaa
agaagggaga
aaaagggtga
gacataaagg
agggtaccaa
caggccccee
cegtecgace
tcacttttca
aaaaaggcga
gacactttct
gagaaaaagg
atccaggccce
cteetggtet
cceceggggcece
ctggecctece
acatggatga
gggacagcac
aactgatccc
agcttectgece
taggectgetet

aggccagagc

cccgacecyg
tccaatgca
gaacgcgga
cgecegegge
gctagtggt
cgecctttga

ccagcagctg
ccagaacgtg
ctgcttetac
cgagggegtyg
cgeegecage
gttceaccte
cgacgagccec
cgaggacgaa
cacaggaact
catgcttgtg
tctcacgttyg
tagcctggtg
ctccaatgcet
cagtgaccgg
tgggtceccag
cagaagctgce
attaggccac
tgtgaaccag
ttggtetect
tttgatggac
cgatgccaac

gatctggagc
gggcgcaaat
tccggceaceg
cgcggegect
gagcgcctceg
ctgoggegga
cggccgactg
ggggctcagt
ggaagcataa
gcagaccagt
tttteggtgg
gtggtgaaga
geccctceactce
gatgcagagc
acatgtgata
tccgtcatag
gtgtttaaca
gattcccaca
tgcagtgect
aagcctcaga
cggcagtgcec

tgcggecega
ccgggtecga
tgaatggcga
tctacctgcet
ccaccgeege
atcggcaggg
ggaaagcgga
ggtcgccegca
gaaagaagcyg
cgatggcaga
cagcecagatt
tcttggtcat
tgcggaactt
actatgacac
ctecttgggat
aagatgatgg
tgccacatga
tgatggegtce
acatgattac
atcccataca
agtttacatt

cagcagcettt
gacgecegett
tcececageteg
g9gggaggcyg
cccaggggag
cgacgtegge
gaccgaagac
ggacccggcea
atttgtgtcc
attccacggce
gtacaaacac
ccacgatgaa
ttgcaactgg
agcaattcett
ggctgatgtt
tttacaagct
tgatgcaaag
aatgctttec
atcatttetg
gctccecaggce

tggggaggac

ttggcgeccg
ccggaaaccg
gectgeegece
tatttcatcce
aagccgcecgg
ggcacgtgeg
gaggacgaag
ctgcaaggcg
agtcaccget
agtggtctaa
cccageatte
cagaaggggc
cagaagcagc
ttcaccagac
ggaactgtgt
geccttcacca
cagtgtgcca
aacctggacc
gataatggtce
gatcteectg
tccaaacact

gcttcacgct
acctggegeca
tcagectetg
agcegcetgece
caccactaca
gggtcgtgga
ggactgaggg
taggacagcc
atgtggaaac
agcattacct
gtaattcagt
cggaagtgac
acaacccacc
aggacttgtg
gtgateccgag
cagcccatga
gccttaatgg
acagccagcec
atggggaatg
gcacctegta
gcccegatgce
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1621
l681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261

agccagcaca
aaccaaacac
cggcaagtgt
gggaatgtgg
gatgagggaa
agtgcgctac
agaggaacaa
ggtggaatgg
ccaagccaaa
atgtagccca
tegecateata
tacttgtaaa
cacaattcca
gaacaatggc
ctacactttg
cggctectet
catccaggtt
aaagaagaag
gtggggcgaa
agacattaat
accttgtgca
gacctgtggg
gttatcteat
aatggcagaa
ggaagggctg
ccagtgaggt
cagagtaaac
gcagtgatat
attacaagtt
gtttcecctggt
aaagtgagat
agtacaaata
atacattatt
caacgtgaaa
tgtgtaattce
acaatggaaa
gcttagtacc
gtaaagaagt
cggaacaaaa
tgtcttgtgg
agtcgtatcece
tatatagtaa
ccttccaaga
atttatttet
tagagtattt

tgtagcacct
ttceegtggg
gtgaacaaaa
gggeettggy
tgtgacaacc
agatcctgta
tgtgaagcac
attcccaagt
ggcattggct
gattccacct
gactccaaaa
aaaatatcag
actggagcca
agctttettg
teceaccttag
gcggeattgg
cttactgtgg
aaggaatctt
tgttctaagt
ggacagectg
gaccateccct
aagggttaca
gagagctgtg
tgcagttaag
gtgcagggaa
gtatcagtaa
tgcecagttge
agcataataa
tagaaaaaac
acttatcaaa
tttactaaga
ggatctttga
tctaccgaga
taacgcaaat
attttgagga
aaaagcagtg
tccaacttee
aacttgtgtec
atgadggtgtg
tggggaggct
tggtgaatgt
aatatgttac
aggactatag
aatgaaaaaa
atacaatata
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Figure 10 (cont.)

tgtggtgtac
cggatggcac
ccgacagaaa
gagactgtte
cagtcccaaa
accttgagga
acaacgagtt
acgcetggegt
acttcttegt
ctgtctgtgt
agaagtttga
gatcagttac
ccaacatcga
ccatcaaagce
agcaagacat
aaagaattecg
gcaatgcect
tcaatgctat
catgtgaatt
cttcecgagtg
gcceccagtg
aaaaaagaag
atcctttaaa
tggtttaagt
agcaagaagg
ggtgggatta
aaatttgata
agccecgggce
aaagcaattg
tacttagtat
cctgttttac
ccagcactgt
attaaaactt
ggcttecctet
aaaaacaact
aagcattaga
tttetttect
tcatgaaaat
tagaacaggg
gctgaggggt
ctgttcaget
tataaattac
ttagtaataa
acttttaaat
tgttactaga

cggcacctet
cagctgtgga
gcattttgat
gagaacgtgce
gaatggaggg
ctgtccagac
ttcaaaagct
ctcaccaaag
tttgcagcce
gcaaggacag
taaatgtggt
tagtgcaaaa
agtgaaacag
tgctgatgge
tatgtacaaa
cagctttage
tcgacctaaa
ccecactttt
gggttggcag
tgcaaaggaa
gcagctgggg
cttgaagtgt
gaaacctaaa
ggtgttaget
ctggagggat

tgggggtaga
ggatagttag

attattatta
tcaaaaaaag
catgggggtt
tttaccteac
ttatggetge
cagattgttc
tteectttttt
ccatgtattt
tgctggtaaa
accatgtaac
cagtacaatc
tcccacaggt
agcaggtcca
cttctgtgag
atgtacttta
atgcctataa
tatatcgett
aataaaagaa

ggtggggtgce
gaagggaaat
acgecetttte
ggtggaggag
aagtactgtg
aataatggaa
tecectttggga
gacaggtgca
aaggttgtag
tgtgtaaaag
gtttgecgggg
cctggatate
cggaaccaga
acatatattc
ggtgttgtct
cctctcaaag
attaaataca
tcagcatggg
agaagactgg
gtgaagccag
gagtggtcat
ctgtcccatg
catttecatag
ttgagggcaa
ccagcgtatc
tagaaaagga
tgaggattat
ttatttettt
ttagaactat
gggaaatgaa
taacaatggg
tatggtttca
aacatgagag
ggaccatcte
attcaagtge
agctagagga
cetgetttgg
acacaaggag
ttggggacat
tectcecageag
aatatgattt
taagtattgg
taacatattt
ttgtggaagt
cacttttgg
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tggtgtgtca
ggtgtatcaa
atggaagetg
tccagtacac
aaggcaaacg
aaacctttag
gtgggectge
agctcatectg
atggtactcc
ctggttgtga
gaaatggatc
atgatatcat
ggggatccag
ttaatggtga
tgaggtacag
agcccttgac
cctacttegt
tcattgaaga
tagaatgceg
ccagcaccag
catgttctaa
atggaggggt
acttttgecac
ggcaaagtga
ttgccagtaa
gttgaatcat
taacctctga
tgttacatct
tacaacccect
aagtaggaga
gggagaaagg
gagaatgttt
aaaggctcag
agtctttatt
attaaagtct
gacacaatga
gaatatggat
gatgaaacgc
tgagatcact
ctggtccaac
tttccatatg
tttgggtgtt
atttttatac
gcatataaaa

SEQ ID NO:

1
61
121
181
241
301
361

58

gggceceggge
ggcaggcegge
ccacctgagce
ggaggcctac
gccegeagece
cgtgetgece
actggaaggc

gcgegggage
cgecggetgtt
tccatgaget
aagaaggaga
accgagecgce
gggeccttet
gagaccatct

gggagcggece
tccagcegea
cgctgggegg
gcgccaagga
cgeecgtget
tcatgecgte
cgtgcttegt

gggggagecyg
cceggggetg
cceggecegcet
ggcgggcgeg
gcacctgece
cgaccgetece

ggtgggaggce

gagcgecacca
cagaagacgc
ttecteggcgce
gecgeggtge
geccatccage
accgagegcet
gagaagcgce

tggaggegge
tggagcagtt
gctgggcgca
cggcgceggt
cgecgecgec
gcgagacecgt
tgtgtctgece
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421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1821
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481

SEQ Id NO:

gcagattctc
cgagctceac
gggcatceccectg
cctgtgeaac
cgccagectg
ctteggecaag
catccagtge
caaggccctg
catcctgetg
ggacgacgtg
ctcecctetgag
cgcgcecttcce
taagagectg
cgcagtgtca
cttectactee
ggcccagecadg
gcectetegee
cccagagacyg
ggaagttgaa
tacctcatcc
cgteccctgat
cctgeoggeag
tgaggtggtce
gcgeagectce
ggccacggag
gaagaagatg
geggeaggec
ggcccagatc
gegggcecgac
gctgeaggaa
ggagectggag
gggggcgcgg
acgtcttacc
gcaaaatttt
gacggggccea
cttttgttat
ttttaaatga
agtgggggtyg
cgeggetgeg
cccaggtett
gaacactgcc
tgtcceccacg
cggtettegg
acctgegteg
gcegectgac
gaggctgcag
gttcatttaa
tcecccagtga
gcttagaaac
aaaactgaac
cgtgtetttt
ataagttc
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aactcggtgc
atctactget
ccettetegg
gcgetgetcet
gcgctgggece
tgtaaggggce
ctggactgec
gagaaccgga
agccaggatt
aaggagaaat
ccteeggecet
gaaaaggaca
ggctgtgttce
gcgagtgaga
tacaagagct
aaggttgtga
acttgcaccce
ctggcgeccg
agcagggagg
agctccgcca
gctgcggece
gcactggagg
aagatgegeg
caccaggagc
gccaagegta
aaagaggcca
cgggtgtgeg
gaagacctgce
ctgctgeggg
cagctgtgge
cegtagatte
ctgggcggtyg
gtgcctatta
ctactggeca
gcteggegge
aagctattta
ctaacttcta
geggecgecce
tgaggacage
cctgetgcetg
cgccttactg
ggtaccagga
ctectetgea
ggtggtgacc
cgggcgacce
cattggaaca
acgtatattt
actgaggttt
ccectetggt

tteggggagte
taccecccaag
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Figure 10 (cont.)

tgcgcgactt
cgegetgeac
cgecetegtyg
acggcggcgce
tggagctcag
tgctggtgec
gcctcatgta
cctgeccactg
acacgggcaa
tegactatgg
ccataagacc
agccgtcececag
accctegeca
aagagctctce
ttgagacagce
gcagccctee
agcctcggaa
tggctgccecece
aattcacctc
aggacctggg
ctgccgacgce
geggeetgga
tgaagcagga
tggagttcct
acctgcggaa
acgagtcacg
acaagggctg
aggtgaagct
agcgcgaggc
cgcgggeceg
cgtgectgec
cagctcecgece
ccaagcgagt
agttcaagtg
ctgctggtec
aaaccagtaa
aaagccccaa
caccctecece
aggggttttt
ccagggagag
ccgectacce
agtgcagagc
ccecegtgatt
gtggetggeg
ttttcagttc
aaagagcatt
agaactgcac
ttaccgattt
gcttggttga
gttctgtgece
atatctgtet

ctcgetgcecag
ggccgaccag
cgggctceate
ctacccgecg
cgagcgcagc
cgagctctac
cccgecgeac
gggcttecgac
ggaggagcag
caacaagtac
caaaacagat
ctggctgegg
gcgectctcet
cccacaccte
cgtggegecce
gtgtgccgece
gcggaagcetg
agaggaggac
ctecttgtee
ctcececgggt
cccecagtggg
caccaaggaa
ggagaagcte
acgcgtggcc
ggagatcgag
gctgegectg
cgaggcggge
gcagcacgcg
ccgggageac
ccececgaggcet
gccgeagege
cggcteecgece
gtttgtaacc
agtaagcegce
tectgettget
ggagacttga
cacatgacgc
acccggggaa
cttcagagtc
cagggacagt
cgcccgecac
cgcacaggag
ctgcecacge
gtcacgccct
ggcaaacgtc
atttcaattt
tttgtccaca
atagagcagt
acaagggaat
ttcecageatce
tcagtagcega
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cagatcaacg
ctggagatcce
accaagacgg
ccctgcaaga
gtccgegtgt
agcagcccga
aagttcgtgg
tcggcecaact
gcgegecteg
aageggeggg
gacacctctt
accttggeceg
gectttecgac
ccggecctea
aacgtggccee
gecgtetece
actgtggaca
aaggactcgg
tcgetcectett
gcgecgtgecce
ctggaggegg
gccaaagaga
agcgcagcce
aagaaggaga
cgtectcecegeg
aagcgggagce
cgcctgegeyg
gaggcggacc
ctggagaagg
gcgggcageg
cgcecgacaac
cctgcagccee
atgtagtttt
gtcececcaac
ggaacattct
aattcagaaa
catctgaaga
gccatcacag
tattttttca
gcegegtgeg
gcecgecgteg
ctgececegga
tecctecacea
cagcccctec
gctececettceca
ttetttettt
accttccett
caaatccgaa
cacaagaaaa
ttgtacagca
ctgaatctge

cggtgtgcga
tcaaagtcat
acgccgageg
aggagctggce
accacgagtyg
gegecgectg
tgcactegea
ggcgggcecta
gecgetgect
tgecececegggt
cccagtecece
gctcttecaa
cctggtecee
tcegagacag
tcgecacegece
gggccccecga
cecececaggage
aggcggaggt
cceegtectt
tgccetegge
agctggagca
agttecctgea
tgcaggccaa
agctgcggga
ccgagaacga
tggagcagge
ccaagtactc
gggagcagct
tggtgaagga
agggegetge
gcgggtgcag
acacagcaca
ggaacccact
tacagctgga
aacatttaca
atcaacacat
cccgcaacgyg
ctcatctgec
gcgacaagga
agatgagctc
atgccagcgce
gctgagggga
cgaggcactg
gggcacacgt
ttttgggact
ttttttgtte
ctctttetat
gtgctegagt
cgaaaatgca
aatcctgact
cactctcaga
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1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061

SEQ ID NO:

gcecgceccgecg
cagcctccge
gectgeacge
tgtgteccect
cctgetegte
tetcetgacece
aggagatgat
agggcagegg
gcagcaacag
cetacgagea
tggtggagac
gettttecet
gcttggtcag
ctcecagegge
ccaacgacag
ttttcectga
cgcctectge
tgtttccaca
gcectggagag
ccactcagte
tcaaacccag
gcecttacge
cccgecacat
acttcagcecg
tcgectgega
agatccactt
cctectetet
cctettatcee
ctcecggete
ccaccacgta
cagetgteac
ctececcaggac
agaaacacaa
cttaggtcag
attggccaac
agctgectga
ggattttgga
caatgctaga
cccttgtaca
taatttgeat
aagaaaagcc

‘tttgaacctt

gttcegttaa
tttggttttt
agtttcacgt
tgtgagggac
ctttgggage
aacaaaatct
atttataaat
ttgtatgtta
ttgcttaaac
ggatatgtgg
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ccatccgeceg
agccgeggeg
ttctcagtgt
gecagctecag
caggatggcc
gtteggatec
gectgetgage
cagcaacagc
cagcagcagc
cctgacegca
cagttaccce
ggagcctgca
tggcctagtg
ctectecegee
cagtcccatt
gccacaaagc
ctaccectgcec
gcagcagggg
ccgcaccecag
gggctecccag
ccgcatgege
ttgcececagtg
ccgeatcecac
cagecgaccac
catctgtgga
gcggcagaag
ctecttectac
atcceceggece
ctcgacctac
ctecectetgtt
caactecctte
aattgaaatt
gagacttaaa
atggaggttc
aatcctttet
aacagccatg
taaatcattt
aaatcgagtt
gtgtectgtge
attctattgt
aagcaaacca
tttttttgaa
cctttttgta
cttttttttt
cttggtgect
atgctcacct
aaaataagga
aaaacaaaat
atattcagga
tgaacatgca
aaagtgactg
tgtatatcct
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Figure 10 (cont.)

ccgcagccag
cgtecacgece
teeceegegec
ccececgggctg
gcggcecaagd
tttecteact
aacggggctce
agcagcagca
agcagcacct
gagtctttte
agccaaacca
cccaacagtg
agcatgacca
teccgecetece
tactcagegg
caggccttece
gccaagggtg
gatctgggece
cagecttege
gacctgaagg
aagtacccca
gagtcctgtg
acaggccaga
ctcaccaccc
agaaagtttg
gacaagaaag
ccgteceegg
accacctcecat
ccatcecectg
ccceetgett
agcgecteca
tgctaaaggg
ggacaggagyg
tcagagccaa
gcecacttece
tccaagttct
cagtatcatc
ggcaaaatgg
catggatttc
attatttgga
atggtgatcc
acagcagtcce
aatactgett
ttttttgaaa
tttgtgtgat
ctagccttaa
agagggctga
ctgaactctc
gttggaatgt
gttcattatt
tttggettat
tccaaaaaat

ctteccgeege
cgeeccgegec
ccgeatgtaa
catccececeg
ccgagatgca
cgececaccecat
cccagttecet
gcagceggggg
tcaaccctea
ctgacatctce
ctcgactgece
gcaacacctt
acccaccgge
agagcccace
cacccacctt
cgggetecgge
gcttccaggt
tgggcacccec
taacccctet
ccctecaatac
accggcecag
atcgececgett
agccctteca
acatccgcac
ccaggagcga
cagacaaaag
ttgctacctce
acccatccce
tgcacagtgg
tcececggececa
cagggctttce
aaaggggaaa
aggagatggc
gtceteecte
ccttceccaa
tcacctctat
tccatcatat
ggtttgggee
gtttttcttyg
gttaggtect
tectattttgt
cagtattcte
gaccgtacte
gtgtttttte
gcgecttget
ggggggcagg
gctgagctte
aaaagtctat
tgtagttacc
ttgtggttct
aaacacattg
taaaacgaaa
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cgcaggaccg
cagggcgagt
cecggecagy
ccecgacacce
gctgatgtcee
ggacaactac
cggcgeegec
cggtggagge
ggcggacacg
tctgaacaac
ccececatecace
gtggcccgayg
ctectegtee
cctgagetge
cececacgcoeg
agggacagcg
tcccatgate
agaccagaag
gtctactatt
cagctaccag
caagacgccc
ctecegetece
gtgcegeate
ccacacaggc
tgaacgcaag
tgttgtggcece
ttaceccgtce
tgtgcceacce
cttccectce
ggtcagcage
ggacatgaca
gaaagggaaa
cataggagag
tetactggag
ttactattcce
ccaaagaact
gcetgaccecc
ccteagagee
gggtactett
cacttggggyg
gatgatgctg
agagcatgtg
tcacatgtgg
ttegteettt
gatggcttga
gagtgatgat
ggttctecceag
ttttttaact
tactgagtag
attttacttt
aatgcgettt
ataaagta

gcecectgece
cggggtegece
ccacegeaac
agctctceccag
ccgetgeaga
cctaagctgg
ggggcccceag
ggcgggggcy
ggcgagcagce
gagaaggtgc
tatactggec
ccectettea
tecagcaccat
gcagtgcecat
aacactgaca
ctccagtacce
ccegactacce
cccttecocagg
aaggectttg
tecccagetceca
ccececacgaac
gacgagctca
tgcatgcgea
gaaaagccct
aggcatacca
tetteggeca
ccggttacta
tecttetect
ccgteggtgg
ttececetteet
gcaacctttt
agggagaaaa
gagggttcct
tggaaggtct
ctttgactte
tgatttgcat
ttgctcecett
ctgcectgea
gatgtgaaga
aaaaaaaaaa
tgacaataag
tcagagtgtt
caaaatatgg
tggtttaaaa
catgtgcaat
ttgggggagg
aatgtaagaa
gaaaatgtaa
gcggcegattt
gtacttgtgt
attgcccatyg
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181

cattcataag
ttgakttgttg
gagaaagttt
tacttttttt
ggagaccgta
caacccctee
cetgtggggg
gacgttgcectc
cggggactcc
tggectteceg
aggctttcce
ctcaatatct
agtgcgecgg
ccagccagga
aggggcagcce
gctactcecac
cttccaccag
ggagaccccg
aacgaaataa
tccaggcgga
agctccaaaa
agatccccta
gctecagcecacce
ccctgeectt
acagtgaagt
cgtttgtect
gtgaccagcc
cacacaaaac
aggaggagag
acecctcetgeg
cectettgttt
gaaggggatg
atgggtgggg
gacgggggtg
ggaaaaatgc
gttggtttcce
tcctetttac
ataatctcecat
gccacteect
ccececgaaate
tgccagecga
gctgtgatge
gtgcagctgg
tecteggtet
agggggtgac
tcetecaggac
ggacgccaac
ctgtgacatt
tatttttgga
catccctgac
gatttcttta
catcegtget
ccagacccat
tatgtataag
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Figure 10 (cont.)

actcagagct
tggttettet
ttggaaagat
ggtcttcttt
gctgaagetg
ctegeecetg
cctgggecace
cttccecgag
cacggctcac’
gcgacctcag
cggagactac
gtctteggtyg
teteggggaa
cctecagtgg
actggectee
accaggcatg
cggaactace
agaggagacg
actagcagca
gacagatcag
ggagaaggaa
cgaagagggyg
ggctaaggaa
ccagaccagce
tcaagteccte
cacctgeeeg
tteccgatece
aaacaaacac
agaggggaag
geccactgege
ctgtgeceeeyg
gacaccccca
aggggggcgyg
ggaggtaggc
cactccctac
cctgeactcee
tctgggcaga
cceoeccacee
cccagaaaaa
agccceccage
ceccteetgge
cgtectgetg
gtggggcage
cecttecgte
agaaccgaga
cctecageect
ttetecccace
tttcecggaga
ctggcagact
catggttttg
tgaggcaaat
gcatgaaaaa
tccttageta
taaatatatt

acggccacgg
tgggggttat
tettcecagat
attactcccce
attetgtaca
ggtecectacgg
gcaggaagac
ctteeccgga
cceggacttg
cgtggtceaca
gactccgget
gactcctteg
atgcceggtt
cttgtgcaac
cagcceccgyg
agtggctaca
agtgggectg
ctcacccecag
gctaaatgca
ttggaggaag
cgtetggagt
cecegggeegyg
gatggcettceca
caagacgcac
ggcgaccccet
gaggtecteceg
ctgaactcge
atgggggaga
agacaaagtg
cactgccatce
gcgaggecgg
gctgactgtt
gtgacgccca
tgtggggtag
ccaatgtcte
cgaccttage
agtgagcccce
gacttetttt
ctggctetga
cttgtttetg
cttcectegtt
gagtgattta
acacctctgg
catccecectt
agggggtgac
ggecttttte
ccttggeccece
agatttcaga
caaggggctg
gctcteccac
ttatattttt
cattccacgt
tttatcectt
atatatggat

cagggacacg
gaaatttcat
atttcettcat
tecceeccgtg
gcgggacage
agcctgeact
tgcacagaaa
cagcgtactt
caccttactt
ggggecccce
cccggtgeag
gcagtccacc
ccttegtgee
ccaccecteat
tegtegacece
gcagtggcgg
ggcctgeeecg
aggaagagga
ggaaccggceg
aaaaagcaga
ttgtgetggt
gccegetgge
gctggctget
cccecccaacct
tecccegttgt
cgttegecgg
ccteectect
gagacttgga
ggtgtgtggce
ggacaggagg
agagctggtg
ggctctctga
ccttcgggca
gctggagtcec
ccacaccecac
ttattgatcc
cccttaaagg
gaaatgtgaa
ttggaatttc
atgacagtgt
gggccegetcet
tactgtgaaa
ggggataatg
cttecteece
agtccteccat
tttaaggtcc
tcacatcctce
gctgaggett
gaatctcatg
cccgeegtte
taatatcggg
gcececttgte
tcetggtttc

gtgtgtgtgt
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cggaaccaag
taatecttttt
tttettttgg
ggacccgccg
gctttetgece
ttcaagaggt
ctttgcecatt
tgaggactcg
cceccaacceyg
tgtgeccagg
ctecectecacce
caccgcegeyg
cacggtcacce
ctettecatg
ctacgacatg
agcgagtggce
cccagecccga
gaagcgaagg
gagggagctyg
gctggagteg
ggcccacaaa
ggaggtgaga
gccgeececeg
gacggcttct
taaccctteg
cgcccaacge
cgeteggtga
agaggaggag
ctccectggcet
attececttgtg
actttgggga
cgtcaaccca
gtcctgtgtg
tctecagaga
cetttttttg
cacatttcca
gaattcgatg
cgtecttect
tggcctecta
tatcccaaga
gatttcaggc
tgagttggce
teccceactec
tcaacagtga
ccacgtggcec
cccgaccaat
tecaggaagg
tggtaccecc
attccatgce
cctgegette
gggtggacca
gegegtcetee
cgaaaggcaa
gcgtgegegt

acttggaaac
ttttteceggg
aggaccgact
gacgcgtgga
cctgggggag
acageggceat
gttggaacgg
ctcagctcac
gccatagect
gaaatgtttce
tctgeccgagt
gcctececcagyg
gcgatcacaa
gceceagtecece
ccgggaacca
agtggtggge
gceceggecta
gtgegeeggg
accgaccgac
gagatcgeeg
ccgggetgea
gatttgcegg
ccaccaccge
ctctttacac
tacacttctt
accagcggca
actctttaga
gaggaggaga
cctecegtetg
ttttgtectg
cagggggtgg
agctctgggyg
aggatgaagg
ggctcaacaa
gggtgcccag
tggtgtgaga
cccecctaga
tgactgtcta
aggctecccca
ccectgececce
agcaggggct
agattgtggg
cgaaagcctt
gttagactca
tctctetetce
cceccagcecta
cagtgagggg
aaacccccaa
cgagtcegec
atctcatgag
cgeegeeete
catcectgatce
ttatatctat
gagtgtgtga
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3241
3301
3361
3421
3481
3541
3601
3661
3721

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
le81
1741
1801
1861
1921
1981

SEQ ID NO:

1
61
121
181
241
301
361

gcgettctge
actgcttcta
ccectetgat
tctgaccgtt
gactctgggt
agatttttac
cttgctectyg
tggttctectt
cgtceectcet

61

agcgagcecttg
gggactcggce
caacaaggac
ccaagtcecge
tctaggggag
tecccececactg
cetgetgget
agtctaagag
atgagaagga
atgtcaggga
ctgaactget
gaaaagctgt
tgatggcaga
tgaaggatta
tgagttggag
aaagaacatce
aggagcaggg
tccttcaaat
gettggeget
tcagagcata
aatcgattge
tgaagtccag
tgcctgtatg
aggctcccag
caggaggatg
tattcagaac
tgggccageg
ccgagaaget
tcacagctcea
acgcccactce
agtttctgcecc
cctctectac
cactttggga
caacatggta

62

agagttgcac
agacagacag
tttcttttca
ttcgggagtg
aggegetgtt
gageggctge
ccecggagceca
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Figure 10 (cont.)

agccteggcece
gaaactctgg
tgttceccgat
ttcacttgtce
tcgttgggga
aatctgtatc
ccaaccacaa
tttgtatttt
cccettggtt

cagcctcacc
ctcacacagt
cacgggagga
ttccaggett
cgaaggctga
gaaaggattc
ttctgttgac
taggatgtct
gatgctgctc
ccttetggat
ctacagagtg
ggagacccac
gattggtgag
catgggccga
aaactaaatc
cacagaatag
acaagttaca
aacttcaggc
caacaagaac
cctgaagaga
attggcaatg
aaattcttgce
cccgageacce
agtgtgtatg
ttcatgggag
tatgtggtgt
atgaagaatg
gacttcttet
ccatccectgt
ctggatcttc
aaggagaaat
acataagaaa
ggccaaggag
aacgctgtcc

tgagtgtggce
acacagccag
ccttetetet
tccagagagce
gacagcggceg
agcagcaaag
acttttgcaa

taggtcacgt
ctcagcctgt
ggtctctete
tcctttcetga
catgagattt
tttgacaatt
ttcaatgaat
gcatctgacc
ctgcactgtt

gacgagtctc
gagtgccggce
ggtgtaggag
teggtttett
ggtggcagcg
tgaaagaaat
tggcecggag
gctgaagtceca
tttttgtgee
attttacggg
aggcgatttg
ctgcectcagga
gatttggata
ggcaagataa
tggttgeece
acctgaagac
ggaatgttet
tccataatgg
cagtgaagaa
gatacaagat
agacagagct
atctcagtat
gagactacga
gtgtggatca
attcatgececc
cagagggcca
tggaattcaa
ggagcctgtg
acctgcagtg
acattgaact
attatgtctg
ccaaaaggct
ggcagatcac
ctagtaaaaa

tgaagcageg
ccagccaggt
aactgcccag
ctggtcteca
gaaagcagceg
aacttteccecg
gectttectg

tggccctcaa
ctegggcetga
cctetgtett
ctgtecctge
tattttttgt
ctgggtgcga
ccececgaccce

ccggggggcet
gccaataaaa

aactaaaagg
tattggactt
agaagcgcag
tgecctecate
gcaggagagt
gaagtcagcc
ctgtactgea
tecatcaggt
gggatgttgce
aaagaggtaa
acctgctcaa
accectecacct
aatctgatgt
gcaaggagaa
agatcaactg
aaaaatccag
ccaagcagca
gagaagtaaa
atccattcag
gaagagcaag
tettcgagac
gcatggtata
cagctttgtg
gactcactca
ttatctagca
gctggaggac
ggctcagaag
tactgecggac
cctetececag
caatggctac
gectgecagceac
gggcgtagtg
ttcaggtcag
tacaaaaatt

aggcgggagt
cggcagtata
agctagcgcece
gccgeecceg
gtacccacge
gctgggagga
cgtcttaggce
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agcgagccgt
cccttttetg
ttcecteeteeg
caatgctcecca
gagtgagact
gtgtgagagt
cctaccecececat

gggacagatt
agctcttaaa

gactccecgga
ttgtccagtg
cgaacagcga
ttgggtgcge
ccggecgega
ctcagaaatg
agacccettgt
tgaagaagca
tatagatgtg
gctgtcectgte
acgtatcttg
tgttteggac
gtectcatta
ggtttecttgg
gatttattag
aagtacaagc
atccaaaaga
gaacaaagac
gaatcagaag
ceccctaggaa
accttcactt
tcccagattce
tgtgtecetgg
gggctcececcee
gggaagccaa
agcagcctcet
cgagggctgt
atgtccctge
aaactgagac
atgtatgatt
actctgagaa
gctcacacct
gagttecgaga
a

ggaggtgege
gtccgaactg
tgtggctccce
ggaggagagc
gccegecggg
ccggagacaa
ttctecacgg

tgaattggaa
atcgtetegg
cetgtgteea
getgtegtet
gagggatcgt
gtgagcaggg
getgtacttg

ggcaatgggc
aacgc

gctaggggtg
acagctgaga
tegeecagea
cttececggeg
caggacgaac
aagttgactg
gagettecct
cttgatacag
gttccaccta
ggggactigg
aagatggaca
tatagagtgc
attttcctea
accttgtggt
aaaaatgcct
agtectgttea
gtctcaagga
ttaaggaaca
cttttttgee
tetgectgat
ccctgggceta
ttggccaatt
tgagccgagg
tgcatcacat
agatgttttt
tggaggtgga
gcacagttceca
tggagcagte
aagaaagaaa
ggaacagcag
agaaacttat
gtaatcccag
ccagectggce

ggagtcaggce
caaatcttat
gggctggtgt
cctgetgece
ggaagtcgge
gtggcagagt
cggtaaagac
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421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241

SEQ ID NO:

1
61
121
181

cagaaggcgg
ggttgttgaa
ggaggagggg
cagggtccge
gcggactcoeg
agccegggtag
cgctecectgyg
cgctcttaga
cacagccctg
gacggactgt
ctegttcectce
gagcatgacc
gaactecggac
ggagcgcecetg
gttcetgtge
cgceccectggece
ggtcaacggg
cggeggette
caacccaggce
cttteceegeg
cgtgcageac
cggcgagaca
gaggaagcgce
aatcgcccgg
cacggccaac
taacagtggg
cgggggctga
caagttgcga
ggactgggtt
ccteecettgg
ctgtececege
cctaacattce
tagagactgt
ggaggggcgyg
tggcctgect
attactgtca
atcctgccca
ataaagtata
aatacaataa
tagctatcta
cttactatta
tacctgatge
accaaaggat
cagcccactg
accatttata
tggcagattt
gataaaaaga
attcaaatac

63

gtggagctac
cegetgeage
ggtcatctceg
aatgacaatg
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Figure 10 (cont.)

cggagagcca
cttgggcgag
acaagtecgtce
actgatccge
aggaaccgct
cgegegegag
agcgagctgg
gaaactttcc
ttgcggeccce
tctatgactg
cegteccgaga
ctgaacctgg
ctecctecaccet
ataatccagt
cccaagaacyg
gaactgcaca
gcaggcatgg
agcgececagec
gcgctgagea
caaccccagc
ccgeggetge
ccgeecectgt
atgaggaacc
ctggaggaaa
atgectcaggg
tgccaactca
ggggcaacga
cggagagaaa
gcgtectgac
cgtggagceca
gcgaacggaa
gatctcattc
agattgcttc
caggagggag
tegttaactg
ataaacagct
gtgttgtttg
taattttttt
actattggaa
ggtggagttg
agcagtaaaa
tatggtcagg
agtgcgatgt
agaagtcaaa
atgttagtag
tacaaaagat

‘tggectttge

caat

cgcecaccgec
cactgecaggce
cteggagett
gataaaagtg

cgcaagagaa
cgcgagecgce
ggagtccggg
tocegegggga
gcgecacgaag
tecgacaagta
tgaggagggce
ctgtcaaagg
gaaacttgtg
caaagatqgga
gcggacctta
ccgacccagt
cgceccgacgt
ccagcaacgg
tgacagatga
gccagaacac
tggetecege
tgcacagcga
gcggceggcegyg
agcagcagca
aggccctgaa
ccececatega
gcategetgce
aagtgaaaac
aacaggtggc
tgctaacgea
agaaaaaaaa
aaagaagtgt
ggcgcecceca
gggagcggece
cgttggactt
agtattaaag
tgtagtactc
gtttgtgaga
tgtatgtaca
tcatgccettt
taaataagag
atgttttgtt
agtactccecc
aaagagttaa
actgttctct
ttatactect
ttecaggaggce
catttcaaag
aaattttaca
gtatccttee
ttatgaatat

gccgeegatt
accgetgeeg
cgctcggaag
agctggtaca

gaaggacgtg
ggctgeeggg
cggccaagac
gagccgctge
agcgctcagt
agagtgcggg
gecagegggga
ctcegggggg
cgcgeagcece
aacgacctte
tggctacagt
ggggagcctg
ggggctgete
gcacatcacc
gcaggagggc
gctgeccage
ggtagcctcg
gcecgeeggte
ggecgecctec
gccgcecegeac
ggaggagcct
catggagtcc
ctccaagtgce
cttgaaagct
acagcttaaa
gcagttgecaa
taacacagag
ccgagaacta
gtgtgcacga
gecctgeggge
ttcgttaaca
g99999a9999
cttaagaaca
gcgaggetga
tatatatatt
gtaagttatt
atttggagca
tctgaaaatt
taacctcttt
gaatgtcgat
attagacttt
cctecceccag
tggaggaagg
tttggattgt
ataggtgctt
aatttggaat
ttataacagc

ccggageegg
ccgectgagt
ggtctttgtt
gaaagccaaa
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cgctcagcett
cgececeectece
cecgeecgecgg
tctgggaagt
gagtgaccgc
aggcatctta
cgacagccag
cgcgggtgtce
aaactaacct
tatgacgatg
aaccccaaga
aagccgcacce
aagctggcgt
accacgccga
ttegecgagg
gtcacgtcgg
gtggcagggg
tacgcaaacc
tacggegegg
cacctgecccece
cagacagtgc
caggagcgga
cgaaaaagga
cagaactcgg
cagaaagtca
acattttgaa
agacagactt
aagccaaggg
gtgggaagga
tgcceccgett
ttgaccaaga
gagggggtta
caaagcggay
gectacagat
ttttaatttg
tcttgtttgt
ctctgagttt
ccagaaagga
tctgecatecat
taaaatcact
agaaataaat
ctatctatat
ggggttgcag
atcaagtggce
attctcaaag
cttectctttg
attcttgteca

ggtagtcgec
agtgggcetta
ccctgeagec
ctcgctgagce

cgctegeace
ccectagecage
ccggceeactg
gagttegect
gacttttcaa
attaaccctg
cgggtgegtg
ccecegettge
cacgtgaagt
ccctecaacge
tcctgaaaca
tcecgegecaa
cgcccgaget
cccceaceca
gcttegtgeg
cggecgcagcece
gcagcggceag
tcagcaactt
ccggectggce
agcagatgcc
ccgagatgcc
tcaaggecgga
agctggagag
agctggegtce
tgaaccacgt
gagagaccgt
gagaacttga
tatccaagtt
cttggcgcege
tgeggacggg
actgcatgga
caaactgcaa
ggagggttgg
gaactctttce
atgaaagctg
ttgtttgggt
accatttgta
tatttaagaa
ctgtagatac
cteagtgcett
gtacctgatg
ggaattgctt
tggagaggga
atgtgcetgtg
caggaattgg
acaattccta
caataaatgt

gcecgeegecg
ggaaggaaga
ctecccacggg
aggctgageg
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241
301
361
421
481
541
601
661
721
781
841
901
961

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

SEQ ID NO:

1
61
121
181
241
301

atatgatgat
cgaagagaga
ctggcgtgte
gggcaaagag
ggagctgttg
cttgaaaatg
acaaaccact
agaaatgcag
ctatgagatt
agcaattgct
gcagttactt
cgetggggag
taccctceaac

64

gtgcecgcetece
ctgtggtcecct
aatgactgag
aatccagcta
cagaaaacaa
acaagaagag
tgtatttgcc
taagcgagta
gccaacaagg
attcattgaa
aagagaaata
ttgtatggga
gagccacttt
tgttgctgtce
gtacaataat
ccagagaatg
caaacacacc
gaaccaaacc
ctgctggtga
aaatgtcata
taatgttatc
gaatactgaa
tcacagtgaa
ggaatagatg
tatctaccat
gaaattggtt
cacatgaata
cctatacaat
cttcecatttg
tattgtaaaa
aatatagtat

65

atgaaggtga
agtgcctcct
ggctgtacca
cagecttgtg
acagaggagg
ttggtttgea

atggctgceag
aatctgctcet
atctcecagea
taccgtgaga
gacaaatatc
aaaggagatt
gtgtcgaact
cctacacacc
ctaaactctc
gaattggata
agggacaatc
ggagagaact
atatatccct

ttggtggggg
aaatctgtcc
tacaaactgg
atccagaacc
gtggttatag
tacagtgcea
atcaataata
aaagactcgg
acagttgata
acctcageca
cgeccagtace
ttgccatgtg
caagctgecac
ttcagtctca
ctctatttga
cacctcettgt
tetgecacce
gcaaacgtga
ttttttttet
aattactgtt
ggctctattc
ttttgagtct
gtgecttttt
tectcaaaaat
tgaaggaaag
ttccagaggc
atttcactta
gtatgtaatt
tattcaaatt
ctttggtgca
attaacaaat

taagcttatt
ctccagtcaa
agactcagac
ttggaaatge
gatgtggaga
atggggattce
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Figure 10 (cont.)

ccatgaaggc
ctgttgeeta
ttgagcagaa
agatagaggc
ttattcccaa
attttaggta
cccagecagge
caattcgtcet
ctgaaaaggc
cgctgaatga
tcactetgtg
aatgtttctc
tgtgcgat

ctgttcatgg
aaagcagagg
tggtggttgg
actttgtaga
atggtgaaac
tgagagacca
gcaagtcatt
atgatgtacc
caaaacaagc
agaccagaca
gaatgaaaaa
tggtgatgta
tgacaccctg
cagagaagct
gaagttctca
tactcecctgt
caggttttte
aattctattg
ctttttactg
ttgccaagaa
tctaaactgg
atcctagtct
cctagaagtg
cecttatgeat
ctatatctat
ctgttttggg
ataattttta
tgtttccecet
tgtgtcatac
ttgttattta
tacattttca

cattttggtg
ctgecagtgg
tcgecaggegg
ttttgaaaca
gegtttcagg
tgactgtgat

agtcacagaa
caagaatgtg
aacagagagg
agaactgcag
tgctacacaa
tctttetgaa
ttaccaggaa
tggtectggca
ctgtagcctg
agagtcttat
gacatcggaa
gtgctttgtg

cggttecggg
cagtggagct
agcaggtggt
tgaatatgat
ctgtttgttg
atacatgagg
tgcggatatt
tatggtgcta
ccacgaactg
gggtgttgaa
actcaacagc
acaagatact
gtcctgactt
cctgctactt
gaataactac
tatttttctg
atctgaaaag
aaaacagtgt
ttgaacttag
tatagttatt
catctgctcet
tcacaacttt
gtttgtagac
gaaatgaatg
ttgagagcag
gcttteecag
cctaatctee
agcttactga
cagaaagctc
atagctgtga
ct

ggatttatag
gacttctatg
tcagttgetg
cagtcctgtg
tgcttttcag
gaagacagtg

caggggcatg
gtaggecgcce
aatgagaaga
gacatctgca
ccagaaagta
gtggcatctg
gcatttgaaa
ctaaatttct
gcaaaaacgyg
aaagacagca
aaccagggag
atctgttcag

gtctccaaca
tgaggttctt
gttgggaaaa
cccaccatag
gacatactgg
acaggcgaag
aacctctaca
gtgggaaaca
gccaagagtt
gatgcttttt
agtgatgatg
tttaaagttt
cectggagga
ccccagetcet
ctectecactt
cectgggtte
cagttcatgt
cttgagctct
aactatgcta
attgctgttt
agattcataa
gacgtaatta
ttcectttata
tctgagatac
atgccatttt
gagaaagatg
actttttteca
taaacctaat
tacatttgca
tcagtgattt

gagagttcca
ceccettggte
tgtatgggcea
aacctacaag
gtcagtgcat
ctgatgaaga
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aactctccaa
geegetette
agcagcagat
atgatgttct
aggtgttcta
gagacaacaa
ttagtaagaa
cagtetttta
catttgatga
ctctgatcat
acgaaggaga
tgtcactctg

tttttecegg
gctggtgtga
gegeactgac
aggattctta
atacagctgg
gettectcetg
gggagcagat
agtgtgattt
acgggattcc
acacactggt
ggactcaggg
tgtcagaaaa
gaagtattcc
cagtagttta
ggctgtetga
ttccacagcea
ctgaaacaga
aaagtagcaa
atttttggag
ggtttgttta
atacaaaaat
aatccaactt
atatttcagt
gtctgtgact
gtacatgtat
aaactgaaag
taggttacta
attcaatgaa
gatgttcaaa
tcaaacctca

aagtttttca
agaatgcaat
gtatggaggce
aggatgtcca
cagcaaatca
cagatgtgag
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361

421

481

541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541

gactcagaaa
ggaaatggtt
tttggtggtce
ggaaatgtcc
tacaatagta
aagcgctect
gaaatccata
cagttcatta
tececacctece
acacattate
tcagaaaaat
ggttggcatt
aaagctgett
ggtgcaggct
aggcgatatt
ctgacacctt
ctgaaatggg
caaaatggtg
acatttggtg
ggaggttgga
cgtgaatgca
gaaagcacac
tttcetttgt
tttgttcaag
gaaggatact
gttggggaaa
cagagtcacc
ggtggecatgt
cctgagatga
aaatgtcagce
tgtggacctt
acagtttgca
gacagctgta
aaatgtgatg
gggtttagca
ggcgctetga
gaaacccagt
ggctgagtga
ctaccttect
tgaatcgaat
ggctggctge
tgtaaaatta
ttaagtatga
agaaagaacyg
gaggacttga
ttcatcctat
aagacagagt
caacctecge
tacaggtgce
catgttggcc
caaatgctgg
gagattgaac
tgtetgagaa
gactggaagt
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Figure 10 (cont.)

ggagacctte
acaatgaact
aatgtagaaa
tgtcctatac
cttggtctta
tttttagate
aaggaaagag
ataacaatcc
cctctetgta
tgcaatctgg
taaaacaaaa
ttgtecgttaa
caggaaccca
tcatatctgg
ctgecetggge
tatatgagcet
ctcttgaaga
gtttggctac
cggegtgtga
gttgctggte
ataacccacc
aatgcgaaga
ctttggttce
atgaaggtcc
ctcttattgg
tgcattgtca
cccaaaaacce
ccttagaagg
agaatgcccg
gctgggagaa
ccttggatgt
agatgcatgt
ctctgectge
ctgagagcag
tttgtgtgga
gatgcagagg
aggctectgg
aaacatctgc
cctcaactece
tactcttttg
gtgttcttga
gaggattgca
ttgacacagc
tgatctectg
acaaaaatga
agagtcaacc
ctcactttgt
ctecetgggtt
cgccaccacyg
atgctcgtet
gattacagac
cactaaaatg
caaatacaat
ttgeccecetgt

.ctgtgatatc

cactggccag
ggtgtttagt
attccaggtg
tgtaaaacat
ttcatcatct
ttaccaactg
agaattttta
tgactacagt
gtcgttagga
tgattttaat
attttcaagt
gaacaatgta
ccttagttac
agaatctgtg
ggtaaaggaa
gtatctggat
tgttgagggg
gcaaggagtc
ctettggage
tecccagtggg
tgaggagctg
aacagaattc
aatgtttect
aaacccagtg
gaaaattgcc
tttctacaca
tecttcagea
ctgtgtacaa
actgcagaat
atgtgctcaa
tcteccactgt
ctcagctgag
caaatgtgtc
agtgaacggc
gcagagcatc
aggccatggt
acaactgggc
cagccatctg
cctecttttt
aataggtgtt
ctagagaaac
ccatgggceea
attagagagg
cagatacaaa
accacagata
tgccecaggcet
gaagcgattce
cccagctaat
ccaactcctg
atgaaccacc
ttagagcaga
tcagtettcet
tettttttct

gataaacctc
tttaggaaca
ggggatggaa
aaaataaata
acgtcgacag
tcttcacgea
ctggttgttg
caacttgetg
gcctaccgaa
ggagaataca
tcagtcgaag
catggatgca
ttgcgaggag
ctagagetgg
actaatctte
gtaccttgtg
gaatttgacc
acccattgte
ctegtaggga
cectgtgtec
ggtgggagat
gagcacttga
tgtccatecac
gtggggaaaa
gccagatgtg
tgtgttctac
gttggtgaga
tttectectgtg
aaagaaaatc
tcaagatgtg
gatgagagaa
cagggtagaa
aaagcttgtg
tgccgagaag
aaggagcaga
tetgtcacca
cagcttgctt
actggacagc
tataaacaca
aatgtcagta
accttectcetg
ttgaatgctc
gaacacactc
gtggttttec
ctatttctat
ggaattcctt
ggagcgcagt
ttgtgectea
ttttgcattt
acctcaggta
acgcetgget
attcattatg
ctttggggtt
tttgaaagaa
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ctcctaacat
gagtcatcaa
aagatttcecta
atgattttaa
aacacacatc
gttatacttc
agaacactgt
agccattctg
gattaatcga
gagttctatt
aaaagaaatg
aggaactgga
aaccgttcat
acaatcectge
ctcaagtcat
cectetgtgaa
cctgtcecattg
tgtgccattg
atcaagcagg
aagggaagaa
cctgegttgg
ggttgecttga
ctectgeett
atgtagtgta
gagaagattt
ctgtactgat
aggtgactgt
gcteccagect
cgttaacaca
tttgtaaaat
gcaaaaggat
attacaccct
gtgcectgecce
catcggagtg
cgatgtetga
gcataaggcece
ggaatccage
ttttccttct
atcectttgtt
aggatatgag
ggccttggtt
cattcaggcc
tacaaaatga
tcaatggaac
cctgagtagt
attctttttt
ggggtgatct
gcttececaag
ttagtagaga
atccgtcetge
ggaatactta
ctgtggtcac
ttagtatgtg
catcagttca

agaacttact
taccaaaagt
caggctgagt
ttatgaattt
atctagtcgg
acataccaat
tgaagtgget
gaaggagctt
ccagtacggg
ttatgtggac
taaatccteca
aaacgcttta
cagaggggga
tggaaacaaa
aaaacaaaag
aaaactatac
ccggecettgt
caaaccgtac
aggggttgat
aacaagaagc
agaaacgaca
accacattgc
gaaagatgga
cacttgcaat
acggtggctt
ggatggcata
ttectgttea
taagtggagt
ggcagtgcet
gccctacgaa
actgectetg
tactggtagg
actgtgggga
cgaggaagaa
gtgtgaggcg
ttgtgetgeg
aggcagctgg
tcteccagtgt
ctceccaaate
cctttgeaca
ttttaaaatc
tatcatttta
ctaggataac
caaatataaa
aatctcacac
taattttttt
catctcectg
cagctgggat
tgggtttcac
cttggcctcece
ctettgtegg
aggggtgtct
tcaaacatag
tgcetgagge



WO 03/012067

3601
3661
3721
3781
3841

SEQ ID NO:

1
61
121
181
241
301
361
421
481
541
601
661
721

SEQ ID NO:

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

atgagtgact
cagggagtac
tttcatcaaa
aaataagcta
caaaacttca

66
ctaacccaga
tctctgecge
ctcagccaga
tctecagtgea
ctgtgatctt
ttcaggattc
ctccacaacce
ttttatttta
taattcttat
gatacagaga
tttgagggtce
gctaaaatat
tgtac

67

ttecaatgttg
tatactgttc
gttggccaac
tcattacctt
gtaaaggaga
gcttgtggge
tctgacgtca
actcaactgg
gttacagett
gttggaattg
tccaccgaag
atgacagetce
cgaagaggag
cgactgaaga
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnnnn
nnnnnnnctt
NNNNONNNNN
nNNnonnnnn
nnnnnnnnnn
gatgtgetct
aggatggaag
tactttggca
ctagtcggag
tatgctctca
tgctgttcat
gctcgttttg
ategtgatag
gtggcaagac
cactgaaatt
cagatgtgac
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Figure 10 (cont.)

gtgcatttga
acaggtagat
acaaaacagc
tattatacaa
gatgacaagg

aacatccaat
ccttetgtge
tgcaatcaat
gaggctegeyg
caagaccatt
catggaccac
caagaatctg
ttataatgaa
ttaagttatt
cttggggaaa
tttgcaagaa
tattgtggaa

atgtgaaaaa
aacaatatga
ccaaaaacag
gcgtaaagtt
acatgacatt
ccttatatge
gceccacatt
acatagtcat
ttttaaatga
tacagtatgg
aggtacttgt
ttggaataga
ttaaaaaagt
aggtcatcca
nnunnnnnnn
NNNNNNNIND
nnNNNNNHNNMn
catatgaaat
NNNNNNNNNN
nnnnonnnnn
NNNNNNNNNN
atattgctgyg
atggaaacat
gtattttaac
cccctatgta
atcagacaag
ctecggcecagea
gaactgcaat
gagctecgcet
tataaggaaa
ttttggccag
tattgggggc

gatagtttte
tagtttgaag
agctgtggga
atactatctc
attagaacac

tctcaaactg
ctgctgctca
gcccecagtca
agctatagaa
gtggecaagg
ctggacaagc
cagctaactt
ttttgtttgt
gatgttttaa
ttgcttttce
tcattaatac
atgaatattt

ttcaatgact
aaatgaagaa
aactggagat
ggatctacca
tggatcaact
ctatagatgt
tcaagtcgtg
agtgctggat
ccttettgaa
agaaaacgtg
tgcagcaaag
cacagcaaga
catggttatt
agactgtgaa
nnnonnnnnn
NNANNNANNN
NNNNNINNNR
ggaaatgtcet
nnnnannnnn
nnnnnnnnnn
nnnnngttac
acagcectegg
caaaattctc
aacaactgac
catgggaaca
gtttgaatat
caattcatgce
tgctgctgta
ggagatgatc
gagtatgcac
tctatecacyg
cttggtggtg

cctattectgt
cattgacctt
ggagaaatga
tgtattgtte
tcattaagat

aagctcgeac
tagcagccac
cctgetgtta
gaatcaccag
agatctgtge
aaacccaaac
attttccecct
tgatgtgaaa
gtttatecttt
tcttgaacca
aaagaatttt
tgtaactatt

ttcageggee
ggaaaatggg
gtctataagt
gttaatacat
ttagtcacca
ggacatttgce
aattccattg
ggttccaaca
agaatggata
acccatgagt
aaaatagtcc
aaggaggcat
gtgacagatg
gatgaaaaca
nnnnnnnnnn
NNONNNNNNN
NNNNNNNNNN
cagactggct
nnnnnnnnnn
NNNNDNNNNN
actgtaaact
tacaatcata
cagacgctca
attgacaagg
gagaaggagg
caaatgagcc
acaacagaaa
aaagacctca
acgggggagce
aacgtattece
gagaaatgga
ctgececetett

ggatacagtc
ttatttattc
gagggcttaa
tgaccctggt
gctattette

tetegectee
cttcattececce
taacttcacc
cagcaagtgt
tgaccccaag
tccgaagact
agctttccee
cattatgect
catggtacta
cagttctacc
ttttaacatt
acaccaaata

cggtggaaga
tgcttattgg
gtccagttgg
caattcccaa
acccaaatgg
attacacaac
cccctgtaca
gtatttaccce
ttggtcctaa
tecaacctcaa
agagaggtgg
tcacggaagc
gagagtctca
ttcaacggtt
nnnnannnnn
NNNNNNNNANI
nnnnnnnnnn
tcagtgctceca
nnnnannnnn
nnnnnnnnnn
ctgctactgce
caggccaggt
gtggagaaca
attctaatac
agcaaggaaa
tggaacctat
acaaaaatga
atcttgatgg
tgtgtacatt
atcaggtggg
tttaaatggt
ctggteccega
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ccagagtttt
cttatttctc
atgaaattta
aaatatattt

agcatgaaag
caagggcteg
aataggaaga
cccaaagaag
cagaagtggg
tgaacactca
agacaccctg
taagtaatgt
gtgtttttta
cectgggatgt
ccaatgcatt
aatatatttt

catgtttgga
ttetecegtta
gagaggtgaa
tgtcacagaa
aggatttctg
tggaatctgt
agaatgcagce
atgggacagt
acagacacag
taagtattct
ccgecagact
cecggggtgece
tgacaatcat
ttcecataget
NNNNANNNND
NNNNNNNNNN
NNNONNANNN
ttattcacag
nnnnnnnnnn
nnnnnnnnnn
ttcttcectgga
cattatctac
gattggttcc
tgacattctt
agtgtatgtg
taagcagacg
gccatgeggg
atttaatgac
tatcatggaa
gatggtaaga
gacggtctga
gatgtggccg
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1981
2041
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SEQ ID NO:

1

€61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501

tagttaaagt
atatggaggg
agtctaaaga
taagacaaat
tcacagttcg
tcaggactct
tecttgatgat
aaataaggaa
gctgattgtc
ggacagtgcc
aattgaggcet
atatccecctte
atcctatcte
tcctgaaacc
actacagttt
ccectgaagtt
tagaaaaagt
gacatcaaat
ctgeagacce
atcaactgac
catcacatgt
gaaaccaact
tcggagtgaa
tcaaatatcc
ttttgececgga
caaaagacca

68

gtatcacteca
gattcttgtc
gattcaaacc
ggtggtacca
tcaccaaact
gatgagctga
aggaataacc
tggctecatte
aaattgaaac
ccacttccca
tcttttgaag
gatgetgttt
aatcagatag
aacaataaga
ctgcgtttat
tcatecctgg
gaaaaccttg
ttctgecaaga
aatcgcatct
gaagtcactc
tgtgtcagtt
atctgaggga
tatttcatca
gtaaatttag
catggaaatc
aatacatatg

gaccatgaat
aaaggaaaca
agacacgatt
atcacgaagt
aaaatcagaa
gtgagaataa
tectctaccaa
aaatgtatct
cgatcccaga
tataacacca
atccaaaaag
ctgagaagag
atggaaaatg
ctttctgata
tacagctetg
attaattcta
ggatcttttc
ggttaccctg
catatctttg
catctcaaac
aatctcactt
tttataaaat
aatgcatctc
aaagatgggc
ttgttgctgt
ctgaaaaaga

gaatctggeca
catagtgcat
atttgccaaa
gtggccagta
gtgcaccaga
aattgaaaag
agattgacca
tagatcacaa
aactgaagaa
aatctctgga
gattggtaaa
cagctgettt
ccagactgcec
tcagcaacat
ctcacaacga
ttgagctgga
aaaactatta
tcctggggece
cagaaaccag
ttaattaata
ttcatagtat
aatgttttgt
caagaacaca
tgttttttta
agccaagttt
gatgttactc
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Figure 10 (cont.)

tttgagccaa
gtatgcataa
tatgaagctg
tttttetetg
tgcactaagc
cgttggactt
actcagtaca
cagacctcag
atgataagtt
ggacaatagt
acagttgtga
gagagatggt
tgaccattta
atgtagtaaa
caagtgaata
ctgaggacat
caatgccaga
tgctgtaccc
aggatccecttt
gaggcacaat
cttctgacat
catatttttc
tggttttaag
taccgggcag
taatgctgcect
aaatggagaa

gccagttecg
ctgctttaag
aatgagtcta
ctatgattat
atgtaactgc
tgtaccaatg
tattgatgaa
ccttetagaa
gctgeatata
ggatctgcag
cctgacctte
taaaggtctt
ttetggtete
ccctgatgag
actggctgat
tetgtectat
cctggaggtce
attatcctac
tcttecaceg
.tetgtatect
ccatatttta
aaacatttat
cacatataca
tttctactgt
tataatcctt
tcttgcacca

ataaagtgaa
atgctacagt
atttgcagta
gaactcaaga
actccttceta
taatcttacc
tgaatatatt
cctgecatgtce
caacgttagc
gecattattct
atctaatcat
aactttcaaa
tttaagtgca
catttctatc
ccacatttca
tggaaatgaa
gcttaagctg
aactggattg
cagtatcaac
tetggactge
cagccaagtc
cagcttaaat
tagcagcaat
agtgccatta
cattttagca
a

tectgacaga
aattaacgaa
agtgecattta
gattttccee
cctgaaaget
gtgcctectg
aaggcctttg
aactccaaga
aaccacaaca
cttactcata
atccatctce
aaatcactcg
cctgtetete
tatttcaagc
agtggaatac
aacaagctta
aatcaacttg
tccaagatca
gatatgtatg
ggaacaatat
ttactgttta
tttttttaaa
cgaatagaca
caaatgatgt
aaatcttaat
aattatcttg
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tattcaaaag
gtgttttgat
cegtgteace
gagaaaggtt
catgttgaca
gatccagaaa
ccectttgeca
gccaccactg
ctcacagtca
ccaaatctag
aatatcacat
atattgttte
acaagtgaca
ccggtaaaat
attgectgecea
attaatatct
tcaatttcat
tcatcttctg
tetggaaaga
aatacatgta
aatgtttcge
cttactataa
caaaaaagag
tgggtcatcce
ctgtggaaga

gttcacagca
agcagtgtca
ctetettect
tatcaattta
acccaagtgce
gaatcaagta
agaatgtaac
taaaagggag
acctgacaga
acaagatcac
agcacaatcg
aataccttga
ttctaactct
gttttaatgc
ctggaaattce
aaaacatacc
agaagtttga
agcatttgcg
aatgtctacg
tttatggtta
ttacttceccat
gaaaagatga
tcaaactcaa
gcaaaacctt
gttcetceaaa
atacattcaa

aaaaactgcc
gtgaaattaa
ctagattcac
caaaggaaca
agcatgactt
atgggcetgt
aagattgtgg
aaaaggacct
aaaatacaaa
ttttttecagg
gtaaagttgg
agtttaacac
gcgaagaacce
atgaagttgg
atgagacagt
tctacttgat
tcceccaatat
agaatgcaaa
aaatgactac
aatttgctac
ttatcttgtg
ggggagaact
agcttgctat
tgectgagtge
ttggattctt

tatattggtg
agacagtaag
ggcattgatt
tgggcaatca
catgtactgt
tctttacctt
tgatctgcag
agttttectcet
gtectgtggge
aaagctgggce
gctgaaagag
cttgagette
ctacttagac
attgcagtat
tttecaatgtg
aactgtcaat
cataaagagc
tttggatggc
tgttgctaac
tgtttttetg
gaattttaaa
aaggcaggcc
tgctttattt
ttactggttg
gecttggatta
atttgtctgg
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1
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121
181
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481

ttaaaaaata
cacttaaaga
aattattttt
taagctacta

69

tggacagagg
caacaaactc
tgctgcatac
tageccactte
cctececatgat
gattggggag
ataccagatc
tgatgtggaa
agatcggcaa
caagagtaat
gaaacttcgce
ttgggagect
tgggtttgaa
caatggaaag
atccattgag
ctacacttgt
tgctggtaac
aggtctgtgg
atgcagatat
cgcteattaa
caacaatgta
tecactecectga
gaaccaattt
ccaccgtete
acctgggact
aggcggcaag
ccacagcaga
agggcatgga
acaagaccaa
ggctctacac
gcaccccecg
atgcattacc
cgagcgaatg
tcatagaatt
tacctattgt
accttaattc
tatccactgt

70

aaactctgat
aactatccca
cagcgaagea
ggaaaatggce
aaatgacctt
ctttatcatt
ctactctgaa
cectgtaatte
acccaggaga

ggtggtagat
agtattttta
cactctaagt
gcaaaataaa

agcagtaaca
caggtgatct
tatgttgcca
tgcaacaatt
gacatgaaga
attgcaagtc
cggttggaga
gcagctgact
tttggtcctt
gctcttgata
tatcatggag
gcgaaggcaa
gttgtggagg
tggagtaatt
aatggtaaag
gaggagccat
gggagcetggy
agtccccaga
taaaaacttc
tgagtactgg
tgttgggtce
gcatgtgttt
tgataatgac
tcccatetge
gatctcagge
gttacctgta
tgcagaggcce
tagctgtaaa
attctacgea
acgggtaaag
tgaggactaa
ttctgttect
atttaaatag
gtgctggtca
agataacact
tttgtttect
ctatgtacaa

ctggggagga
gatatcatca
gcaggccatg
agcctggecce
gatcgctgct
tgctgceceg
atacacctge
tgatggcgaa
gttacgtaat
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Figure 10 (cont.)

attgaggcca
gaataagaat
catgtatgtt
acatagcaaa

atcccececacte
ttaagtcaga
cagacataaa
tecattggtgg
attgcggagt
ccaattatcce
aagggttcca
cagcgggaaa
actgtggteca
tecatctteca
atccaatgcce
aatatgtcett
gacgtgttgg
ccaaactgaa
ttgaagaccce
attactacat
tgaatgaggt
gaaccctttg
ccctggcaag
gtgctgacgg
acctecagtge
attecatccgg
attgcactgg
ctaccaggca
tggggccgaa
gcteetttaa
tatgttttca
ggggacagtg
gctggectgg
aactatgttg
tccagataca
tatgatattc
aacttgattg
tacatttgtg
atgggtgggg
ctttacctgt
taaaggatgt

accaggacta
tagagtctte
caccccccaa
ttetccagge
ctgttgcctg
atggatatta
cteecctgget
tgggtgtata
gggcaagtag

agaatattgc
ttgcatactt
tctetttgat

tg

teccaattgtg
cttttccaat
tgaatgcaca
ttacttectge
taattgcagt
caaaccatat
agtggtggtg
ctgecttgac
tggattcecct
aactgatcta
ctgccctaag
tagagatgtg
tgcaacatct
atgtcaacct
agagagcact
ggaaaatgga

gctgggececg
aagaaaaaca

tcttetttga
ctgctcatgt
agacctcacg
gatggaagct
tgcggctgaa
cctettecega
cagagaagag
gaaaatgcaa
ctcctaacat
gtggggcett
tgtectgggg
actggataat
tcccaccage
tcattatttc
ttgagacgcc
gtctgactcc
cactcctttce
tcaaaattce
ttataagc

catagatcaa
tgctettect
asactccatce
tgtggaaagt
ctgttcttgg
cgttgactga
acgtcagatc
acaccttctyg
agattaagac
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aaaatacatg
acctagtgaa
tatttgeatg

gaagagttcc
gaagagcgtt
gattttgtag’
tectgeecce
ggggatgtat
ccagagaact
accttgcgga
agtttagttt
gggectctaa
acagggcaaa
gaagacactc
gtgcagataa
ttetattcega
gtggactgtg
ttgtttggtt
ggaggtgggg
gagctgecega
gaggataatt
caacccatgg
tgtggaggga
getggcaaaa
getggaagtce
agacccagtg
ctacaacctc
agatcgtget
agaagtgaaa
gatctgtgcet
tgctgtacag
gecccagtgt
gaagactatg
ctctccaagg
atcatgactg
ttgctagagg
ttggggtcct
ttgcactatt
atttacttga

ggcagttttc
caactaccaa
tggggctett
ctectgatcca
caattgtggt
gacacgcttc
ccattcaact
tatctacaaa
agatttatct

aagcttcatg
acttttctag
ttatgtttaa

aagtcccata
ttacggggtt
atgtcccttg
cggaatattt
tcactgcact
caaggtgtga
gagaagattt
ttgttgcagg
atattgaaac
aaaagggctg
ccaattcectgt
cctgtectgga
cttgtcaaag
gcattecctga
ctgtcatcecg
agtatcactg
aatgtgttce
ggaggatcceg
gctggtggag
aacagggagc
teccaagatge
ccagaaggac
aaaatgggac
atggatgggg
gttegectea
gtggagaaac
ggaggagaga
gatcccaatg
gggacctatg
caggaaaata
gtggtgacca
aaagaagaca
tagagtttga
ttcceecggag
ccacagggat
tcattctcag

ttctttgaga
agaaaaacat
catagaaaaa
attctcettece
cctececaccca
aaaactggaa
cagacgctta
cgatgcagac
tttggatcac
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541

601

661

721

781

841

901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161

SEQ Id NO:

1
61
121
181
241
301
361

SEQ Id NO:

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841

aaatagaatt
aagtccaaga
gtaagecctece
acggcttttce
tttcttgcac
aaaaaatcac
ccatctataa
gcagcagtgt
agcccaatag
ggccgacaaa
gctacaaacc
cceccatacea
tcactcaaca
ttteatttte
ggagtcceeg
ggcattataa
ataaaggcta
ctcecagecccece
ctgtggataa
atggtgtggt
tgcccaagtyg
tcatgecagtg
ctctggaaat
aagaactata
aattcaatac
taaatatcta
tcatectetg
attaaaaatg

71

geectgetgg
aaggecccacg
atcgaggatt
ggtgcaatcg
cctggecaaag
aacagaggtg
ggacctcectg

72

gg9gcgcgggg
ccggegaggg
ctccacgaga
ggggagacat
tgatggcage
caccgtgcag
ttacattaca
cctgttcaaa
aggaggaaat
agcacttgaa
tacaaatgac
cacagctata
cggggaattt
tggtgtgata
aatcctcget

cagctgttca
tagaggagtt
tecagacatc
tgtcacctac
tgtggagaat
ctgtegceaag
ttacaaagac
aattcattgt
ttgtattaat
agaggatgtg
cactacagat
aggatgtgag
caggaaaagt
atgtcatgag
aacaccatca
acaatctagt
cattctggte
tcaatgtaaa
ggatcagtat
tggtceccaa
tgagtgggag
tcteccaaac
tgaacaactg
atttttctea
agatcagttt
gaaatgataa
tgtggcecteat
tatgtat

cecetgetggt
tggtgacaaa
ccctggtaat
gcagtccagg
atggaaccag
aaagaggatc
gtgccectgg

agagggcgcg
cecceggecagyg
gcgccgtcge
ttggetttge
caacgacttg
gagaactctg
catccagegt
gctgaagagt
acagctattce
aaaaatacta
ttgagaccgt
aggaccagta
tactacagtt
gtgttaactg
geggaccegtg
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Figure 10 (cont.)

gaaggatttt
ggctggagte
aggaatggaa
agctgtgacc
gaaacaatag
ccagatgttt
actattgtgt
gatgctgata
ttaccagaca
tatgttgttg
gagcctacga
gcgttatgtt
cgtcectgcecceca
accagtaggt
tgtggagaca
tcatacaget
ggacaggcga
getetgtgtce
gttgagectg
agtatcactt
acccccgaag
ccagaggatg
gaactacaga
aaagaaggag
agcaaatcta
tttgctaaag
gtttttgett

gcteccennnn
ggtgaaacag
ccaggtgccce
acctgcaggc
tggacatcca
tgagggctec
tccttge

ggagcggcte
cceggtcect
cacttcgggc
tcctgettet
aacagactcc
cagctaagac
gggaagtaag
acattctcgg
ttaatagaga
atgtggaggce
tattctcacc
tcgcaagagt
ttaaagatcg
gtagacttga
gcatgaagtt

tcttaattgg
atcctctcecce
ggcacagcgg
ccegettete
gtgtttggag
cacatgggga
ttaagtgcca
gcaaatggaa
ttccacatgce
ggactgtgtt
ctgtgatttg
gccetgaacc
atcactgtgt
tttcagctat
tttgcaattt
ttttcaaaga
aactctcctg
ggaaaccaga
aaaatgtcac
getetgggaa
gctgtgaaca
tgaaaatggc
gagacagcgce
gaaaaggtgt
ctgtcaattt
tttagtgcett
ttcaacacac

nnnnnnnnnn
gtgaacgtgg
caggttctce
cccagaggac
ggtcecattg
ccaggccacce

gcgeggeagyg
gctecgggggce
caactttgcg
gctecttete
tctgecagttt
ttatgtgggg
gtacaaaatt
agacttttgc
agtgaaggat
gcgaacaaag
cacctcatac
cagecgcceacg
aacagatatg
ttacctagag

gtatgggagc
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ctcaaccact
acaatgtgaa
tgaagaaaat
actcttgggce
accaagccct
aatggtctct
aaaaggtttt
tecttetect
ttecctgggaa
aaggtaccgc
tecagaaaaat
aaagctaaat
ttatttctat
atgccaagga
tcctectaaa
agagattata
cagttattca
attagtgaat
catccaatgt
cagaacctgg
agtgctcaca
cctggaggta
aagacaatce
cttgetgget
ggcagtgata
tgagattgtg
aaagcacaaa

NNNANNNNNN
agctgectgge
agggccctgce
ctgttggacc
gaccaccagg
cagggcaacc

taccatgecgg
gcgctgagac
attcccgaca
ttccaacatt
acacacctcg
catcctgtea
gtttccggag
tttctaagaa
cactacacat
gtcagggtge
agcgtttectt
gatgcagaca
tttgctatte
accaagctet
agtggcatca

agtcgttgtg
attgtcaagt
ttctacgeat
catgccteca
cctacctgtyg
ggatttggac
gttctcagag
cctgettgtyg
acatatccta
tgtcatcctg
ttgagatgga
aatggtgaaa
ggagatgaga
gatggcacgt
attgcecatg
tatgaatgtg
cactggtcag
ggaaggttgt
gattctgget
tacccagagg
ggcaaaagac
tataagctgt
actttggata
tgectettge
ttcatcataa
aaattattaa
tttttttteg

nnnggtecte
atcaaaggac
tggtcagcag
cagtggacct
gecectegaggt
aggccctect

acgcgegagce
ggcgggtgag
gttaagcaat
ttggagacag
agtacaacgt
agatgggtgt
acagtgaaaa
taaggaccaa
tgatagtgaa
aggtgctgga
tacctgaaaa
taggaaccaa
acccaaccag
atgagatgga
gcagcatggce
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901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081

caagctaacg
attgtcacca
cgatcagggt
gcagtttaga
tggcattgat
aggaacteceg
agececgggcca
tcccaacaca
ttttaaaagt
tattttagaa
tgacagaaaa
tgaatttacc
tgtcatgagc
tatcgcaaat
gtcagaaaac
agactgggge
cttgaatgac
tctaggegtg
ggtacagtat
gggggtattg
agtctgagaa
acagtggctg
atgetggcag
attttctteg
actggtattc
actgaccttg
gatagttgct
cgtgaaacaa
aaggctgegt
tttttacagg
atccaggttg
gttacagaca
cctctggatce
agagaagagc
gacaacccac
gaaggaaccg
gtcagcacac
agcagttagg
gagggccaaa
ggtggttgat
gacagtgaaa
ggacgccaga
tttcaaaata
gaccteccat
gttcatagag
gcctgtttat
cgaggcattt
aaatccacaa
gaagctagac
tagtcceccce
caaacctcag
ccgagaaaga
gggcccecaat
catcgaaccg
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Figure 10 (cont.)

gtgcacatcg
tecagaactgg
gccaatggtyg
acagtgaggt
tgggacagtc
cccecagttet
gtcaagtttg
cctgtggtceca
acacctggaa
ccagttaaaa
gcgtccacca
cagacagcgt
ctgagtgccg
ttaaatcatg
ctggactacg
ttgccgtace
aacacacctt
ggagagcaaa
cagattgaag
tcattaaagc
tcacagctac
ccagtcacaa
agaagctcct
attctcactc
aggtaaagga
acactggctt
tcatgattga
cagacaaata
ggcgtcttet
agagctattt
aagccacaga
cagacacatt
gagagctgca
ctecagetgtt
ctacatttat
tcatcatgtg
agccttctgg
atcgtceage
gacaagggaa
gtgaatgaga
gaagatgcac
agagatgggg
ggtgaagaga
tattggctaa
atctacatag
tacccagaaa
gatccagatt
ggattetttt
cgagaacagc
aaatcaacca
tttctgcaaa
aatgccagac
gcagaaatct
aaaactggag

aacaggccaa
acagggaccce
acatagcatc
cctttccagg
atcctttegg
cttetgttaa
aaaaggatgt
tggtaaaggce
aagctaaatt
gacagcaggce
aggtecttggt
acaaagctgce
tagaccctga
tgecegtttge
aactgatgcecc
gccgggaagt
tgtttgagaa
taaccactgt
ctggaaatga
gatcgctaat
agatggagaa
gctggtaaac
gcaggcaaat
tgtcaatgcet
aaaccagcct
caatggaaaa
tatggaaaca
caccctgaat
acatgtcgtg
tgtggaagtg
taaagacctg
ttcaattgac
gcatgagcac
cteccactgtce
teccacctaat
gttagaagce
accacggaga
agttggactt
agccagttte
acctgcacce
ctgttggttce
agatccgata
caggtgtcat
cagtctttgce
aggttgagga
tcatggaaaa
cgagctctaa
caatacatcc
aagatgaaca
ttgcaagagt
agttctacaa
gggagecget
cctacagcat
tggtttcgte

tgaatgtgct
agcatatgca
tttaagcatc
gagtaaggag
ctacaatctc
agtcattcac
ttacagagca
cattcctget
cagtttaaat
agcccatttt
gaaagtctta
ttttgatgag
tgagggtgag
gattgaccat
tcgggtttat
cgaagtcctt
aataaattgt
ttetgetatt
actggattte
ggatggctta
aattttgcca
ttgcagtgtg
aaattacaca
cacataccgce
gtgggttcca
ctggtctatg
ggaatgctga
attaccgtcet
gttgtcgatg
agtgaagaca
gggcccaacyg
agcgtgacgg
tocttaaaga
gttgtgaaag
tatcgtgtga
cacgatcectg
aggaaacttc
tgagaagaag
tetgteottet
acccgtgttt
attggtaatg
ctccattaga
agagacgtca
aaccgatcag
tgtcaatgac
ttctectaaa
tgacaagcecte
taaaacaggt
catattagag
cattgtgaaa
aatcagacte
ctategegte
cgaagacggg
caagaggttt
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ccggtgataa
attgtgacag
gtggcaggtg
tataaagtca
acactacagg
gtgacttctc
gaaataagtg
tattceccatt
tacaacactg
gaacttgaag
ggtgcaaata
aacgtgccca
aacgggtacg
ttcactggtg
actctgagga
gctacaatta
gaagggacaa
gatgcagatg
tttagtttaa
ggtgcaaagg
caccattata
aagagactgg
accagggaga
agtttagaag
gtgtaatttt
ctgtttetgg
aaattttatc
atgaccttgg
ccaatgataa
aggaggtaca
gacacgtgac
gtgttgttaa
ttgaggccag
tatcactaga
aagtccgaga
atttaggtca
gatgtggata
caagtgtata
acttgctatg
tccagetttg
acggtgtegg
gatggctctg
gatcgactgg
ggtgtcgtge
aatgcaccac
gatgtatctg
atgtacaaaa
ctcatcacaa
gttactgtga
atccttgatg
cctgageggg
atagccacceg
aatgagcatg
tcagcagctg

cagcagtgac
tggatgactg
accttcteca
aagccatcgg
ctaaagataa
cacagttcaa
aatttgcetce
tgaggtatgt
gtctcatttc
taacaacaag
gcaatcccece
ttggtactac
tgacatacag
ccgtgagtac
ttegtgeatce
ctctcaataa
ttccecagaga
aacttcagtt
acceccaacte
tgtctttcac
tatcaacata
tgttgccaaa
ggtggaggat
cactctteceg
catgaactcc
aggaaatgag
tectettgac
gataccccag
teccaccegag
tagtgaaatc
gtactcaatt
catecgcacge
ggaccaagcc
agatgttaat
ggatcttcea
gtectggteag
aactcagtgg
atctcactgt
ttgaagttga
tggaaaaggg
ctcatgatga
gcgttggtgt
accgtgaatc
ctettteate
agacatcaga
tggtccagat
ttacaagtgg
ctacgtcaag
cagacaatgg
aaaatgacaa
aaaagccaga
acaaggatga
gcaaattttt
gagaatatga
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4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321

tattctttca
ccatattgaa
attttttacc
tgtggagcet
cttecgatgtg
gaagtcaaac
ggtattcatc
tgaagttgtt
ggatcaggat
tctcaagaaa
tcatgaagct
aaaacgcaac
gttcacecget
gttgcaggtg
cgagtcagnn
tattaaaact
agctacagat
aattgctgac
aactgtcagc
gtatgaaata
tatcatcact
aggaactaac
gaatgacaac
ctcaattaac
tgctgataaa
atattttgcet
agaaacaagt
tgctgagtat
gtttgccaag
catcacagta
caccgaaggc
ccaaaacaca
atttgeegge
gtttacccag
agctgtcatt
cccagatcgce
cttecgategt
geccttetgea
gececggtgttt
tgtcattcge
ctacctcaag
aaagcaattt
tggagggaac
catgcctgtg
cagccctgtg
cacagacgga
catagctcct
ctccttgacg
taaccctecet
tggaacgtcet
ctcataccag
cactggcctc
ttttgtgagg
ggacgttacc

attaaggcag
tggatctcca
tttactgtga
cctggeatac
gacaagggaa
tacaacctca
aaagtaatag
attecctgaag
gagaaaaaca
tttcgtcttg
gttcaccagc
tttgcaagga
tcctectaca
acggctctgg
nnnnnnngaa
gccaaagaat
aagggcagtc
aacgcctcte
attgggagtt
aaagatggaa
cagaaagccc
atggctggtt
gcgecagttt
agegtggtec
gactcaaatg
attgattcta
atttttcact
gcagcgaatg
ccattatatg
aatgctacag
aacatcgggg
actcagttaa
cttacctcetg
gatgtctact
actgctattg
agatttaaaa
gagcagcagg
gtggcccacg
gtcaacctte
tatgtcactg
gaacatcatg
gagcttgaca
ccggectttt
tttgaaaaac
gtcecacgtge
gaccctttea
ctggactttg
ggcgctcatyg
gtgtttgecte
gttgttcaag
atgtttggga
atctcactac
gcagttgatg
gacctcaatg
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Figure 10 (cont.)

ttgacaatgg
agcccaaacc
tggaaagtga
cecctttggtt
ctggaaccat
cagtcgaggce
acacaaatga
atacagcgcce
aactaatcta
atcctgcaac
acaccctecac
ttgtggtcaa
aagggegggt
acaaggacaa
atattggaaa
tagatcgaag
caccaatgag
cgaagtttac
tcgttgggat
atacaggtga
tggactttga
tgtccactaa
ttatgcaggc
taacagacag
ctttgettgt
gcactggtgce
ttaccgtcca
taacagtaca
aagcatctct
atgctgattc
agaagttttc
gaagccgceta
tcaaaattaa
ctgcggtagt
ggaatccaat
taagcegcac
aggcgtttga
ttgtcgtgaa
cctactacgc
ctgtagacag
aacacttteca
ccttaaataa
cagcggaagt
ctttectacag
aggctaacag
gccagttcac
aggcccacce
ctgaagtatt
agcagtctta
ttagagccac
atcacagcaa
tcagaaccct
gtggtatgcce
ataatccacc

tecgeectcaa
gtcecectggag
ccecegttget
tgacatcact
cattgttgec
tacagatgga
ccategtect
agaaacagaa
cactctgcag
cggctectcecte
ggtcatggta
tgtcagcgac
ttatgaatcg
agggaaaaat
ttettttatg
taaccaagceg
tgaaataact
atcaaaagaa
ggttacagcece
tgcttttgat
aactttgcece
tacaacggtt
agaatataca
gaatgtccca
atatcacatt
tattcataca
agtgcatgac
tgtaattgac
tttgttacca
aagtgcattc
tatggactac
cgagctaacce
tgtgaaagaa
gaaagagaat
caatgagcct
ttcaggagtt
tgtggttgta
ggtcattgta
cgttgttaaa
agacagtgge
aattggaccc
agaatatctt
tatcgttccg
tgcagagatt
cceggaaggce
tattaacttc
ggcatataag
tgtggacatc
tgeggtgacc
cgattctgat
gagtcatgat
ggattacgag
cacgectgage
actctttgaa
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aagtcatcaa
cceattteat
cacatgattg
ggtggcaact
aaacctcttg
accaccacta
cagttttcta
attttgcaaa
agcagtagag
tatacttctg
cgagatcaag
acgaatgacc
gcagccgttg
gctgaagtgce
attgatcctg
gagtatgatt
tctgtgegta
tattctgttg
catagtcaat
attaatccac
atttacacat
ctagttcact
ggactcatta
ctggtgattc
gttgaaccat
gtactaagtc
atgggaaccce
attaatgact
acatacaaag
tcacagttga
aagactggtg
gttagagett
agcaaagaaa
teccaccgagy
ttgttttate
ctgtcaacca
gaagtgacag
gaagaccaaa
gtggacactg
agaaacgggy
ttgggtgaaa
gttacagtgg
atcactgtca
gcagagagca
ctgaaagtgt
aatactggag
ctgagcatac
atagtagacg
ctgtetgagg
tcagaaccaa
cattttcatg
cagtccegge
agtgatgtga
caacagattt

ccaccagact
ttgaagaatc
gagtaatatc
acgacagtca
atgcagaaca
tcctcactca
catcaaagta
tecagtgetgt
atccactgag
agaaactgga
atgtgecectgt
acgcececgtyg
gctecagttgt
tgtactegat
tettgggete
taatggtaaa
tectttgtcac
aacttagtga
catcagtggt
attctggaac
tgataataca
tgcaggatga
gtgaatcagc
gagcagctga
ctgtacacac
tggactatga
cacgtttatt
gccecceccecetgt
gagtaaaagt
tttactccat
ctctecactgt
ccgatggcag
gtcacctaaa
ccgaaacatt
acatcctcaa
ctggeacgec
aggaacataa
atgataatgc
aggtgggcca
aagtgcatta
tttcactgaa
ttgcaaaaga
tgaataaagc
teccaggtgea
tctacagcat
ttatcaatgt
gcgcaactga
acatcaatga
catctgtaat
atagaggaat
tagacagcag
agcacacgat
ttgtcacggt
atgaagccag
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7381
7441
7501
7561
7621
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7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
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8061
9121
9181
9241
9301
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9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
10141
10201
10261
10321
10381
10441
10501
10561

aattagcgag
cagttcagac
tgtcattgac
gccattttac
tecatgtaact
agtggaacta
tggggattct
cagattttac
cceggeggag
tttetgcacce
aaccaaatac
tcttgcaagt
ctctgaaagt
ggagagcctc
tgggtectcceca
gcagcttcecea
tggaacagag
caaagggaat
gagactgaag
actggcecagg
agtgaaagat
tgttgaaaac
aggaaccaac
atcctttgee
aaagagagac
atcctccaca
cacggccgag
catcttaagt
aacaggaggg
atatgtgaag
aactgatggc
caacagtcca
tggaaaattg
tacttacacg
actgaaaacg
ggccacagat
gaacgataac
agagccggga
gaagatttta
tggaattatt
tttgaaagcet
atcagttett
cgtgtctgag
tattgaagca
cagcatagat
nnnnnnnnnn
nnnnunnnnn
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Figure 10 (cont.)
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Figure 10 (cont.)
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