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BIOMARKERS AND METHODS FOR 
DETERMINING SENSITIVITY TO 

MICROTUBULE-STABILIZING AGENTS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/631,993 ?led Nov. 30, 2004, 
Whose contents are hereby incorporated by reference in its 
entirety. 

SEQUENCE LISTING 

[0002] A compact disc labeled “Copy 1” contains the 
Sequence Listing as 10338 NP.ST25.txt. The Sequence 
Listing is 1686 KB in siZe and Was recorded Nov. 29, 2005. 
The compact disk is 1 of 2 compact disks. A duplicate copy 
of the compact disc is labeled “Copy 2” and is 2 of 2 
compact discs. 

[0003] The compact disc and duplicate copy are identical 
and are hereby incorporated by reference into the present 
application. 

FIELD OF THE INVENTION 

[0004] The present invention relates generally to the ?eld 
of pharmacogenomics, and more speci?cally to methods and 
procedures to determine drug sensitivity in patients to alloW 
the identi?cation of individualiZed genetic pro?les Which 
Will aid in treating diseases and disorders. 

BACKGROUND OF THE INVENTION 

[0005] Cancer is a disease With extensive histoclinical 
heterogeneity. Although conventional histological and clini 
cal features have been correlated to prognosis, the same 
apparent prognostic type of tumors varies Widely in its 
responsiveness to therapy and consequent survival of the 
patient. 

[0006] NeW prognostic and predictive markers, Which 
Would facilitate an individualiZation of therapy for each 
patient, are needed to accurately predict patient response to 
treatments, such as small molecule or biological molecule 
drugs, in the clinic. The problem may be solved by the 
identi?cation of neW parameters that could better predict the 
patient’s sensitivity to treatment. The classi?cation of 
patient samples is a crucial aspect of cancer diagnosis and 
treatment. The association of a patient’s response to a 
treatment With molecular and genetic markers can open up 
neW opportunities for treatment development in non-re 
sponding patients, or distinguish a treatment’s indication 
among other treatment choices because of higher con?dence 
in the ef?cacy. Further, the pre-selection of patients Who are 
likely to respond Well to a medicine, drug, or combination 
therapy may reduce the number of patients needed in a 
clinical study or accelerate the time needed to complete a 
clinical development program (M. Cockett et al., Current 
Opinion in Biotechnology, 11:602-609 (2000)). 

[0007] The ability to predict drug sensitivity in patients is 
particularly challenging because drug responses re?ect not 
only properties intrinsic to the target cells, but also a host’s 
metabolic properties. Efforts to use genetic information to 
predict drug sensitivity have primarily focused on individual 
genes that have broad effects, such as the multidrug resis 
tance genes, mdr1 and mrp1 (P. Sonneveld, J. Intern. Med., 
247:521-534 (2000)). 
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[0008] The development of microarray technologies for 
large scale characteriZation of gene mRNA expression pat 
tern has made it possible to systematically search for 
molecular markers and to categoriZe cancers into distinct 
subgroups not evident by traditional histopathological meth 
ods (J. Khan et al., Cancer Res., 58:5009-5013 (1998); A. A. 
AliZadeh et al., Nature, 403:503-511 (2000); M. Bittner et 
al., Nature, 406:536-540 (2000); J. Khan et al., Nature 
Medicine, 7(6):673-679 (2001); T. R. Golub et al., Science, 
286:531-537 (1999); U. Alon et al., P. N. A. S. USA, 
96:6745-6750 (1999)). Such technologies and molecular 
tools have made it possible to monitor the expression level 
of a large number of transcripts Within a cell population at 
any given time (see, e.g., Schena et al., Science, 2701467 
470 (1995); Lockhart et al., Nature Biotechnology, 14:1675 
1680 (1996); Blanchard et al., Nature Biotechnology, 
14:1649 (1996); US. Pat. No. 5,569,588 to Ashby et al.). 

[0009] Recent studies demonstrate that gene expression 
information generated by microarray analysis of human 
tumors can predict clinical outcome (L. J. van’t Veer et al., 
Nature, 415:530-536 (2002); T. Sorlie et al., P. N. A. S. USA, 
98:10869-10874 (2001); M. Shipp et al., Nature Medicine, 
8(1):68-74 (2002); G. Glinsky et al., The Journal of Clin. 
Invest., 113(6):913-923 (2004)). These ?ndings bring hope 
that cancer treatment Will be vastly improved by better 
predicting the response of individual tumors to therapy. 

[0010] Needed are neW and alternative methods and pro 
cedures to determine drug sensitivity in patients to alloW the 
development of individualiZed genetic pro?les Which are 
necessary to treat diseases and disorders based on patient 
response at a molecular level. 

SUMMARY OF THE INVENTION 

[0011] The invention provides methods and procedures for 
determining patient sensitivity to one or more microtubule 
stabiliZing agents. The invention also provides methods of 
determining or predicting Whether an individual requiring 
therapy for a disease state such as cancer Will or Will not 
respond to treatment, prior to administration of the treat 
ment, Wherein the treatment comprises administration of one 
or more microtubule-stabiliZing agents. 

[0012] In one aspect, the invention provides a method for 
identifying a mammal that Will respond therapeutically to a 
method of treating cancer comprising administering a micro 
tubule-stabiliZing agent, Wherein the method comprises: (a) 
measuring in the mammal the level of at least one biomarker 
selected from the biomarkers of Table 1 and Table 2; (b) 
exposing a biological sample from the mammal to the agent; 
(c) folloWing the exposing in step (b), measuring in said 
biological sample the level of the at least one biomarker, 
Wherein an increase in the level of the at least one biomarker 
measured in step (c) compared to the level of the at least one 
biomarker measured in step (a), predicts that the mammal 
Will respond therapeutically to said method of treating 
cancer When said biomarker is from Table 1, and predicts 
that the mammal Will not respond therapeutically to said 
method of treating cancer When said biomarker is from Table 
2. 

[0013] In another aspect, the invention provides a method 
for determining Whether a mammal is responding therapeu 
tically to a microtubule-stabiliZing agent, comprising (a) 
exposing the mammal to the agent; and (b) folloWing the 
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exposing of step (a), measuring in the mammal the level of 
at least one biomarker selected from the biomarkers of Table 
l and Table 2, Wherein an increase in the level of the at least 
one biomarker measured in step (b), compared to the level 
of the at least one biomarker in a mammal that has not been 
exposed to said agent, indicates that the mammal is respond 
ing to said agent When said biomarker is from Table l, and 
indicates that the mammal is not responding to said agent 
When said biomarker is from Table 2. 

[0014] In another aspect, the invention provides a method 
for predicting Whether a mammal Will respond therapeuti 
cally to a method of treating cancer comprising administer 
ing a microtubule-stabiliZing agent, Wherein the method 
comprises: (a) exposing a biological sample from the mam 
mal to the microtubule-stabiliZing agent; (b) folloWing the 
exposing of step (a), measuring in said biological sample the 
level of at least one biomarker selected from the biomarkers 
of Table l or Table 2, Wherein an increase in the level of the 
at least one biomarker measured in step (b), compared to the 
level of the at least one biomarker in a mammal that has not 
been exposed to said agent, predicts that the mammal Will 
respond therapeutically to said method of treating cancer 
When said biomarker is from Table l, and predicts that the 
mammal Will not respond therapeutically to said method of 
treating cancer When said biomarker is from Table 2. 

[0015] In another aspect, the invention provides a method 
for determining Whether an agent stabiliZes microtubules 
and has cytotoxic activity against rapidly proliferating cells, 
such as, tumor cells or other hyperproliferative cellular 
disease in a mammal, comprising: (a) exposing the mammal 
to the agent; and (b) folloWing the exposing of step (a), 
measuring in the mammal the level of at least one biomarker 
selected from the biomarkers of Table l and Table 2, 
Wherein an increase in the level of said at least one biom 
arker measured in step (b), compared to the level of the 
biomarker in a mammal that has not been exposed to said 
agent, indicates that the agent stabiliZes microtubules and 
has cytotoxic activity against rapidly proliferating cells 
When said biomarker is from Table l, and indicates that the 
agent does not stabiliZe microtubules and does not have 
cytotoxic activity against rapidly proliferating cells When 
said biomarker is from Table 2. 

[0016] As used herein, respond therapeutically refers to 
the alleviation or abrogation of the cancer. This means that 
the life expectancy of an individual affected With the cancer 
Will be increased or that one or more of the symptoms of the 
cancer Will be reduced or ameliorated. The term encom 

passes a reduction in cancerous cell groWth or tumor vol 
ume. Whether a mammal responds therapeutically can be 
measured by many methods Well knoWn in the art, such as 
PET imaging. 

[0017] The amount of increase in the level of the at least 
one biomarker measured in the practice of the invention can 
be readily determined by one skilled in the art. In one aspect, 
the increase in the level of a biomarker is at least a tWo-fold 
difference, at least a three-fold difference, or at least a 
four-fold difference in the level of the biomarker. 

[0018] The mammal can be, for example, a human, rat, 
mouse, dog, rabbit, pig sheep, coW, horse, cat, primate, or 
monkey. 
[0019] The method of the invention can be, for example, 
an in vitro method Wherein the step of measuring in the 
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mammal the level of at least one biomarker comprises taking 
a biological sample from the mammal and then measuring 
the level of the biomarker(s) in the biological sample. The 
biological sample can comprise, for example, at least one of 
Whole fresh blood, peripheral blood mononuclear cells, 
froZen Whole blood, fresh plasma, froZen plasma, urine, 
saliva, skin, hair follicle, bone marroW, or tumor tissue. 

[0020] The level of the at least one biomarker can be, for 
example, the level of protein and/or mRNA transcript of the 
biomarker(s). 
[0021] The invention also provides an isolated biomarker 
selected from the biomarkers of Table l and Table 2. The 
biomarkers of the invention comprise sequences selected 
from the nucleotide and amino acid sequences provided in 
Table l and Table 2 and the Sequence Listing, as Well as 
fragments and variants thereof. 

[0022] The invention also provides a biomarker set com 
prising tWo or more biomarkers selected from the biomar 
kers of Table l and Table 2. 

[0023] The invention also provides kits for determining or 
predicting Whether a patient Would be susceptible or resis 
tant to a treatment that comprises one or more microtubule 

stabiliZing agents. The patient may have a cancer or tumor 
such as, for example, a breast cancer or tumor. 

[0024] In one aspect, the kit comprises a suitable container 
that comprises one or more specialiZed microarrays of the 
invention, one or more microtubule-stabiliZing agents for 
use in testing cells from patient tissue specimens or patient 
samples, and instructions for use. The kit may further 
comprise reagents or materials for monitoring the expression 
of a biomarker set at the level of mRNA or protein. 

[0025] In another aspect, the invention provides a kit 
comprising tWo or more biomarkers selected from the biom 
arkers of Table l and Table 2. 

[0026] In yet another aspect, the invention provides a kit 
comprising at least one of an antibody and a nucleic acid for 
detecting the presence of at least one of the biomarkers 
selected from the biomarkers of Table l and Table 2. In one 
aspect, the kit further comprises instructions for determining 
Whether or not a mammal Will respond therapeutically to a 
method of treating cancer comprising administering a micro 
tubule-stabiliZing agent. In another aspect, the instructions 
comprise the steps of (a) measuring in the mammal the level 
of at least one biomarker selected from the biomarkers of 
Table l and Table 2, (b) exposing the mammal to the 
microtubule-stabiliZing agent, (c) folloWing the exposing of 
step (b), measuring in the mammal the level of the at least 
one biomarker, Wherein a difference in the level of the at 
least one biomarker measured in step (c) compared to the 
level of the at least one biomarker measured in step (a) 
predicts that the mammal Will respond therapeutically to 
said method of treating cancer When said biomarker is from 
Table l, and predicts that the mammal Will not respond 
therapeutically to said method of treating cancer When said 
biomarker is from Table 2. 

[0027] The invention also provides screening assays for 
determining if a patient Will be susceptible or resistant to 
treatment With one or more microtubule-stabiliZing agents. 

[0028] The invention also provides a method of monitor 
ing the treatment of a patient having a disease, Wherein said 
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disease is treated by a method comprising administering one 
or more microtubule-stabilizing agents. 

[0029] The invention also provides individualized genetic 
pro?les Which are necessary to treat diseases and disorders 
based on patient response at a molecular level. 

[0030] The invention also provides specialized microar 
rays, e.g., oligonucleotide microarrays or cDNA microar 
rays, comprising one or more biomarkers having expression 
pro?les that correlate With either sensitivity or resistance to 
one or more microtubule-stabilizing agents. 

[0031] The invention also provides antibodies, including 
polyclonal or monoclonal, directed against one or more 
biomarkers of the invention. 

[0032] The invention Will be better understood upon a 
reading of the detailed description of the invention When 
considered in connection With the accompanying ?gures. 

BRIEF DESCRIPTION OF THE FIGURES 

[0033] FIG. 1 illustrates classi?cation of breast cancer cell 
lines based on IC5O values measured against ixabepilone 
treatment. The cell lines Were normalized based on a mean 
of the log(IC5O) values (a dotted line) and divided into tWo 
groups de?ned as sensitive or resistant. The cell lines on the 
left are de?ned as sensitive since they are beloW the mean of 
the log(IC5O)s, and those on the right are de?ned as resistant 
since they are above the mean. 

[0034] FIG. 2 illustrates the error rates generated from 
each classi?er identi?ed. From the GeneCluster analysis, 
classi?ers containing up to 250 genes Were determined. 
Each predictor identi?ed Was evaluated With the error rate 
calculated through the leave-one out cross validation. As 
shoWn in FIG. 2, error rates for classi?ers (8-250 genes) 
remain to be the minimum at zero. 

[0035] FIG. 3 illustrates the error rate calculation on 
random permutation. Error rates generated from several 
examples of random classi?cation (random l-ll) using the 
softWare GeneCluster are plotted against the predictor sets 
containing up to 250 genes. As shoWn in the plot, the error 
rate calculated based on the ICSO-based classi?cation is 
signi?cantly loWer than the error rates based on the random 
classi?cation. 

[0036] FIG. 4 illustrates the top 50 genes correlated With 
sensitivity for ixabepilone. The red and blue matrix repre 
sents the normalized expression patterns for each gene 
across the cell lines (brightest red indicates highest relative 
expression, darkest blue indicates loWest relative expres 
sion). 
[0037] FIG. 5 illustrates gene expression level of micro 
tubule associated protein, tau and estrogen receptor (also 
referred to herein as estrogen receptor 1, ER, and ERl). In 
order to explore the relationship betWeen Tau and ER, gene 
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expression levels of the tWo are plotted for each cell line. 
Tau expression levels are shoWn as a bar, and ER as a line. 

[0038] FIG. 6 illustrates gene expression patterns of top 
50 genes in 175 primary breast tumors. The red and green 
matrix represents the normalized expression patterns for 
each gene across the 175 primary breast tumors (brightest 
red indicates highest relative expression, green indicates 
loWest relative expression). A subset of tumors in a blue box 
shoWs relative high expression of the top 25 markers Which 
expressed highly in the sensitive cell lines. On the other 
hand, the tumors in a magenta box shoW relatively high 
expression of the 25 genes expressed at elevated levels in the 
resistant cell lines. 

[0039] FIG. 7 illustrates MAP tau and ER expression in 
breast tumors. In order to see the expression patterns of Tau 
and ER Within tumors, their expression levels are plotted 
together. Tau is shoWn as a line, and ER as a bar. Tumors are 
arranged in an increasing order of Tau expression level. 
There seems to be a subset of tumors that express these 
genes highly, Which suggest these are non-responders for 
ixabepilone. 

[0040] FIG. 8 illustrates the biological netWorks implied 
in the mechanism of resistance to ixabepilone as determined 
by Ingenuity® pathWay analysis using 200 preclinical can 
didate markers. There are nine major netWorks indicated 
above With their signi?cance scores. As shoWn, ER pathWay 
is the most implicated netWork. 

[0041] FIG. 9 illustrates the most implicated ER netWork 
and shoWs the functional connectivity betWeen ER and Tau. 

[0042] FIG. 10 illustrates molecular intrinsic pro?les of 
134 patient tumors. A hierarchical clustering analysis Was 
performed using about 9800 genes after eliminating loW 
expressed and loW variance genes. RoW, gene; column, 
tumor. The tumors Were classi?ed into tWo major clusters 
and, interestingly, the majority of the samples from three 
Russian sites Were clustered in the ?rst cluster. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] The invention provides biomarkers that correlate 
With microtubule-stabilization agent sensitivity or resis 
tance. These biomarkers can be employed for predicting 
response to one or more microtubule-stabilization agents. In 
one aspect, the biomarkers of the invention are those pro 
vided in Table 1, Table 2, and the Sequence Listing, includ 
ing both polynucleotide and polypeptide sequences. 

[0044] The biomarkers provided in Table 1 include the 
nucleotide sequences of SEQ ID NOS:l-l00 and the amino 
acid sequences of SEQ ID NOS:20l-299. 

TABLE 1 

B IOMARKERS S ENS ITIVE 

Affymetrix 
Unigene title and Probe Gene 
SEQ ID NO: Affymetrix Description Set Ontology 

C6orfl45: “Consensus includes gb: AK024828.1 2l2923isiat 
chromosome 6 /DEF = Homo sapiens cDNA: FLJ2ll75 
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TABLE l-continued 

BIOMARKERS SENSITIVE 

Affymetrix 
Unigene title and Probe Gene 
SEQ ID NO: Affymetrix Description Set Ontology 

8 (large /UG = Hs.180062 proteasome (prosome, protein 
multi?inctional macropain) subunit, beta type, 8 (large catabolism 
protease 7) multi?inctional protease 7) 
(LOC5696) /FL = gb: U17496.1 gb: U17497.1” 
SEQ ID NOS: 9 
(DNA) and 209 
(amino acid) 
CTSC: cathepsin C “gb: NMi001814.1 /DEF = Homo sapiens 201487iat proteolysis 
(LOC1075) 
SEQ ID NOS: 10 
(DNA) and 210 
(amino acid) 

ST5: suppression 
of tumorigenicity 5 
(LOC6764) 
SEQ ID NOS: 11 
(DNA) and 211 
(amino acid) 

MTMR2: 
myotubularin 
related protein 2 
(LOC8898) 
SEQ ID NOS: 12 
(DNA) and 212 
(amino acid) 

PRNP: prion 
protein (p27i30) 
(CreutZfeld-Jakob 
disease, 
Gerstmann 
Strausler 
Scheinker 
syndrome, fatal 
familial insomnia) 
(LOC5 621) 
SEQ ID NOS: 13 
(DNA) and 213 
(amino acid) 
MET: met proto 
oncogene 
(hepatocyte 
groWth factor 
receptor) 
(LOC4233) 
SEQ ID NOS: 14 
(DNA) and 214 
(amino acid) 
MIRAB13: 
molecule 
interacting With 
Rab13 

(LOC85377) 
SEQ ID NOS: 15 
(DNA) and 215 
(amino acid) 
AKAP2: A kinase 
(PRKA) anchor 
protein 2 
(LOC11217) 
SEQ ID NOS: 16 
(DNA) and 216 
(amino acid) 
MET: met proto 
oncogene 
(hepatocyte 
groWth factor 

cathepsin C (CTSC), mRNA. and 
/FEA = mRNA /GEN = CTSC peptidolysis 

/PROD = cathepsin C 

/DBiXREF = gi: 4503140 /UG = Hs.10029 

cathepsin C /FL = gb: NMi001814.1” 
“gb: NMi005418.1 /DEF = Homo sapiens 
suppression of tumorigenicity 5 (ST5), 
mRNA. /FEA = mRNA /GEN = ST5 

/PROD = suppression of tumorigenicity 5 
/DBiXREF = gi: 4885612 /UG = Hs.79265 

suppression of tumorigenicity 5 

gb: NMi005418.1” 
“Consensus includes gb: U58033.1 protein 
/DEF = Homo sapiens myotubularin amino 
related protein 2 (MTMR2) mRNA, acid 
partial cds. /FEA = mRNA dephosphorylation 
/GEN = MTMR2 /PROD = myotubularin 

related protein 2 /DB_XREF = gi: 3912941 
/UG = Hs.278491 myotubularin related 

protein 2 /FL = gb: NMi003912.1” 
“gb: NMi000311.1 /DEF = Homo sapiens 
prion protein (p27i30) (CreutZfeld-Jakob 
disease, Gerstmann-Strausler-Scheinker 
syndrome, fatal familial insomnia) 
(PRNP), mRNA. /FEA = mRNA 
/GEN = PRNP /PROD = prion protein 

/DBiXREF = gi: 4506112 /UG = Hs.74621 

prion protein (p27i30) (CreutZfeld-Jakob 
disease, Gerstmann-Strausler-Scheinker 
syndrome, fatal familial insomnia) 
/FL = gb: AY008282.1 gb: M13899.1 
gb: NMi000311.1” 

202440isiat 

214649isiat 

201300isiat 

“gb: U19348.1 /DEF = Human (tpr-met 
fusion) oncogene mRNA, complete cds. 
/FEA = mRNA /GEN = tprmet fusion 

/PROD = tpr-met fusion protein 
/DBiXREF = gi: 625085 
/FL = gb: U19348.1” 

211599fxfat signal 
transduction 

“Cluster Incl. W46406: Zc31c10.s1 Homo 
sapiens cDNA, 3 end /clone = IMAGE 
323922 /cloneiend = 3' /gb = W46406 

/gi = 1331036 /ug = Hs.8535 /len = 568” 

vesicle 
mediated 
transport 

55081iat 

Consensus includes gb: BE879367 
/FEA = EST /DBiXREF = gi: 10328143 

/DBiXREF = est: 601484628F1 

/CLONE = IMAGE: 3887262 

/UG = Hs.42322 A kinase (PRKA) anchor 
protein 2 /FL = gb: AB023137.1 
gb: NMi007203.1 
Consensus includes gb: BG170541 
/FEA = EST /DBiXREF = gi: 12677244 

/DBiXREF = est: 602322942F1 

/CLONE = IMAGE: 4425947 

20275 9isiat 

203 510iat signal 
transduction 
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TABLE l-continued 

BIOMARKERS SENSITIVE 

Affymetrix 
Unigene title and Probe Gene 
SEQ ID NO: Affymetrix Description Set Ontology 

DONSON: “gb: AF232674.1 /DEF = Homo sapiens 221677isiat 
downstream B17 mRNA, complete cds. /FEA = mRNA 
neighbor of SON /PROD = B17 /DBiXREF = gi: 8118230 
(LOC29980) /UG = Hs.17834 downstream neighbor of 
SEQ ID NOS: 34 SON /FL = gb: AF232674.1” 

(DNA) and 234 
(amino acid) 
CALU: calumenin “Consensus includes gb: AF257659.1 214845isiat 
(LOC813) /DEF = Homo sapiens crocalbin-like 
SEQ ID NOS: 35 protein mRNA, partial cds. 
(DNA) and 235 /FEA = mRNA /PROD = crocalbin-like 

(amino acid) protein /DBiXREF = gi: 8515717 
/UG = Hs.302073 Homo sapiens 

crocalbin-like protein mRNA, partial 
cds” 

FAD104: FAD104 “gb: NMi022763.1 /DEF = Homo sapiens 218618isiat 
(LOC64778) hypothetical protein FLJ23399 
SEQ ID NOS: 36 (FLJ23399), mRNA. /FEA = mRNA 
(DNA) and 236 /GEN = FLJ23399 /PROD = hypothetical 

(amino acid) protein FLJ23399 
/DBiXREF = gi: 12232434 
/UG = Hs.299883 hypothetical protein 
FLJ23399 /FL = gb: NMi022763.1” 

EPHA2: EphA2 ”gb: NMi004431.1 /DEF = Homo sapiens 203499iat 
(LOC1969) EphA2 (EPHA2), mRNA. /FEA = mRNA 
SEQ ID NOS: 37 /GEN = EPHA2 /PROD = EphA2 

(DNA) and 237 /DB_XREF = gi: 4758277 
(amino acid) /UG = Hs.171596 EphA2 

/FL = gb: M59371.1 gb: NMi004431.1” 
PAKIIPI: PAKI “gb: NMi017906.1 /DEF = Homo sapiens 218886iat 
interacting protein 
1 (LOC55003) 
SEQ ID NOS: 38 
(DNA) and 238 
(amino acid) 

CTPS: CTP 
synthase 
(LOC1503) 
SEQ ID NOS: 39 
(DNA) and 239 
(amino acid) 

CD44: CD44 
antigen (homing 
function and 
Indian blood group 
system) (LOC960) 
SEQ ID NOS: 40 
(DNA) and 240 
(amino acid) 

CD97: CD97 

antigen (LOC976) 
SEQ ID NOS: 41 
(DNA) and 241 
(amino acid) 

SPTBN1: spectrin, 
beta, non 
erythrocytic 1 
(LOC6711) 
SEQ ID NOS: 42 
(DNA) and 242 
(amino acid) 

hypothetical protein FLJ20624 
(FLJ20624), mRNA. /FEA = mRNA 
/GEN = FLJ20624 /PROD = hypothetical 

protein FLJ20624 
/DBiXREF = gi: 8923576 /UG = Hs.52256 

hypothetical protein FLJ20624 

“gb: NMi001905.1 /DEF = Homo sapiens 
CTP synthase (CTPS), mRNA. 

/PROD = CTP synthase 

/DBiXREF = gi: 4503132 
/UG = Hs.251871 CTP synthase 

/FL = gb: NMi001905.1” 
“gb: BC004372.1 /DEF = Homo sapiens, 
Similar to CD44 antigen (homing 
function and Indian blood group system), 
clone MGC: 10468, mRNA, complete 
cds. /FEA = mRNA /PROD = Similar to 

CD44 antigen (homing function 
andIndian blood group system) 
/DBiXREF = gi: 13325117 
/UG = Hs.169610 CD44 antigen (homing 
function and Indian blood group system) 
/FL = gb: BC004372.1” 

“gb: NMi001784.1 /DEF = Homo sapiens 
CD97 antigen (CD97), mRNA. 

/PROD = CD97 antigen 

/DBiXREF = gi: 4502690 /UG = Hs.3107 

CD97 antigen /FL = gb: NMi001784.1” 
“Consensus includes gb: BE968833 
/FEA = EST /DBiXREF = gi: 10579538 

/DBiXREF = est: 601649861F1 

/CLONE = IMAGE: 3933782 

/UG = Hs.324648 Homo sapiens cDNA 

FLJ13700 ?s, clone PLACE2000216, 
highly similar to SPECTRIN BETA 
CHAIN, BRAIN” 

202 613iat pyrimidine 
nucleotide 
biosynthesis 

209 83 5ixiat cell-cell 
adhesion 

20291 Oisiat G-protein 
coupled 
receptor 
protein 
signaling 
pathWay 

2 1 2 07 Iisiat 
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