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Protein expression profiling and breast cancer

prognosis

I ~ Field of the invention

The present invention relates to protein
analysis and, in particular, to protein expression

profiling of breast tumors and cancers.

II — Background

Adjuvant systemic therapy has a favorable
impact on survival in patients with early breast

cancer.! 2

The decision to give or withhold such
therapy is based upon a series of histoclinical
prognostic criteria reviewed in consensus
conferences (i.e. National Institute Health NIH and
St-Gallen).’” * However, despite the establishment of
standardized criteria, the heterogeneity of breast
tumors remains poorly understood. For example,
clinical treatment decisions on whether to treat
patients with node-negative breast cancer by surgery
and radiotherapy alone, or in combination with
adjuvant chemotherapy are currently being made with
scant information on patient risk for metastatic
relapse. Additionally, identifying among the
patients who receive chemotherapy those who will
benefit and those who will not benefit from standard
anthracyclin-based protocols remains elusive.
However, the relatively limited efficacy of current
protocols (~30-40% of failure rate) and the
increasing availability of new therapies make this
issue clinically important. Furthermore, the
development of molecularly-targeted drugs such as

trastuzumab (Herceptin™), a monoclonal antibody
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against the ERBB2 tyrosine kinase receptor, is
needed.’ With few exceptions, such as estrogen
receptor and ERBB2 receptor, the available molecular
markers are of limited value in clinical practice.

High-throughput molecular technologies such as
DNA arrays, have recently significantly contributed
to enhance understanding of the molecular complexity
of breast cancer.® Several studies have demonstrated
the potential clinical utility of gene expression
signatures defined by the combined RNA expression of
a few tens of genes. These signatures have lead to
the development of a new molecular taxonomy of
disease, including the identification of previously
indistinguishable prognostic subclasses.’ " The
clinical impact of these tests on disease management
must be subsequently evaluated in large
retrospective and prospective studies of adequate
statistical power on fully annotated patient
samples, followed by the development of gene
expression-based diagnostics adapted to the clinical
setting.

Unfortunately, the cost, technical complexity,
and interpretation of DNA microarray technology
still complicate investigation with cancer specimens
and are currently unsuitable for routine use in the
standard clinical setting. Issues that must be
addressed prior to validation and integration of
this technology to clinical pathology laboratories
include the requirement for high-quality RNA
extracted from unfixed tissues, intra-tumoral
heterogeneity of excised patient samples, and bias
resulting from the asymmetry of variables with a
number of hybridized samples greatly inferior to the
number of genes being tested leading to non-trivial

statistical problems. Finally, the sensitivity,
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specificity, reproducibility and technical
feasibility outside large academic centers will have
to be addressed, and experimental conditions will
have to be standardized and data compared in multi-
center clinical trials.

Additional opportunities to validate and/or
identify prognostic expression signatures are
provided by alternative high-throughput approaches,
which may be used either separately or in
combination with DNA microarrays. One of these is

16-18  which

the tissue microarray (TMA) technique,
allows for the simultaneous study of hundreds of
tumor specimens at the DNA, RNA or protein level.
Immunohistochemistry (IHC) 1is applicable to
paraffin-embedded samples that constitute the bulk
of pathology archives, avoiding the requirement for
high-quality RNA extracted from frozen specimens.
IHC is relatively inexpensive, straightforward and
well established in standard clinical pathology
laboratories. Thus, IHC on TMA may be a practical
approach both in validation studies and in routine
testing. However, analytical classification methods
to efficiently process and interpret multiple target
IHC data have not been previously developed.

Recent studies have shown the reliability of
hierarchical clustering for classifying cancers when
applied to IHC TMA data of a significant range of

markers.'?%

However none addressed the prognostic
issue.

The aim of the present invention is to provide
means capable of analyzing histopathologic features
of breast disease, in particular of classifying
breast cancers into prognostically relevant
subclasses. After exhaustive testing on a

retrospective panel of 552 early breast cancer
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samples we have found that this classification was
possible by analyzing a consistent set of proteins.
Classification of samples, based on this
multidimensional protein data set, was first done
using classical unsupervised Thierarchical
clustering. We then developed a supervised
bioinformatic method that further improved the
classification as compared with usual prognostic

factors.

IITI - Summary of the invention

The present invention provides a protein
expression signature identified by ©protein
expression profiling and which may be used for
analysing histopathologic features of breast disease
as well as methods for carrying out such analysis.
In particular, protein expression profiling may be a
clinically useful approach to assess breast cancer
heterogeneity and prognosis in patients with stage
I, II, or III disease. It may be used both for
breast tumor management in clinical settings and as

a research tool in academic laboratories

The invention provides in one aspect a method
for analyzing differential protein expression
associated with histopathologic features of breast
disease, in particular breast tumours, e.g., breast
carcinomas, comprising the detection of the
overexpression or underexpression of a pool of
proteins in breast tissues or cells, said pool
comprising all or part of a protein set comprising

Afadin, Aurora A, a-Catenin, b-Catenin, BCL2,
Cyclin D1, Cyclin E, Cytokeratin 5/6, Cytokeratin
8/18, E-Cadherin, EGFR, ERBB2, ERBB3, ERBB4,"
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Estrogen receptor, FGFR1l, FHIT, GATA3, Ki67, Mucin
1, P53, P-Cadherin, Progesterone receptor, TACCl,
TACC2, TACC3.

By *“all or part” is meant 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51 or 52 proteins,

By “Cytokeratin 5/6” is meant Cytokeratin 5
and/or Cytokeratin 6. The same is applicable to
“Cytokeratin 8/18".

The following table displays the proteins of
the present invention and their corresponding amino-
acid sequences (SEQ ID NO. 1 to 52). These proteins
are identified by their common names (first column)
in the methods, libraries, sets, pools etc. of the
invention. Other names in the 1literature which
designate the same proteins (alias, synonyms
etc.)are covered as well, and are incorporated
herein by reference.

The present invention may also define these
proteins by their amino-acid (polypeptidic)
sequences (SEQ ID NO.), or portions or modifications
thereof 1in accordance with the definition of
“protein” provided below.

Table 0

Protein Name SEQ ID NO.

Afadin

Aurora A

a-Catenin

b-Catenin

U e W D =

BCL2
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Cyclin D1 6
Cyclin E 7
Cytokeratin 5 8
Cytokeratin 8 9
E-Cadherin 10
EGFR 11
ERBB2 12
ERBB3 13
ERBB4 14
Estrogen receptor 15
FGFR1 16
FHIT 17
GATA3 18
Ki67 19
Mucin 1 20
P53 21
P-Cadherin 22
Progesterone receptor 23
TACC1 24
TACC2 25
TACC3 26
Cytokeratin 6 27
Cytokeratin 18 28
Angl 29
AuroraB 30
BCRP1 31
CathepsinD 32
CD10 33
CD44 34
CK14 35
Cox2 36
FGF2 37
GATAA4 38
Hifla 39




10

15

20

WO 2005/071419 7 PCT/1B2005/000261

MMP9 40
MTA1l 41
NM23 42
NRGla 43
NRGlbeta 44
P27 45
Parkin 46
PLAU 47
S100 48
SCRIBBLE 49
Smooth Muscle Actin 50
THBS1 51
TIMP1 52

“Over or underexpression of a pool of protein”
means that overexpression of certain proteins are
detected simultaneously to the underexpression of
others said proteins. “Simultaneously” means
concurrent with or within a biologic or functionally
relevant period of time during which the over
expression of a protein may be followed by the under
expression of another protein, or conversely, e.g.,
because both expressions are directly or indirectly

correlated.

In a further aspect, the invention provides a
method for analyzing for analyzing differential
protein expression associated with histopathologic
features of breast disease comprising the detection
of the overexpression or underexpression of a pool
of protein in breast tissues comprising a protein
set comprising:

Aurora A, a-Catenin, Db-Catenin, Cyclin D1,

Cytokeratin 8/18, ERBB2, ERBB3, Estrogen receptor,
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FGFR1, Ki67, Mucin 1, P53, P-Cadherin, Progesterone
receptor, TACC2.

In a further aspect, the invention provides a
method for analyzing differential protein expression
associated with histopathologic features of breast
disease comprising the detection of the
overexpression or underexpression of a pool of
protein in breast tissues comprising a protein set
comprising:

Afadin, Aurora A, a-Catenin, BCL2, Cyclin D1,
Cytokeratin 5/6, Cytokeratin 8/18, E-Cadherin,
ERBB2, ERBB3, ERBB4, Estrogen receptor, FGFR1l, FHIT,
Kié7, Mucin 1, P53, P-Cadherin, Progesterone
receptor, TACC2, TACC3.

According to a preferred embodiment the pool of
protein comprises a protein set comprising

Afadin, Aurora A, a-Catenin, b-Catenin, BCL2,
Cyclin D1, Cyclin E, Cytokeratin 5/6, Cytokeratin
8/18, E-Cadherin, EGFR, ERBB2, ERBB3, ERBB4,
Estrogen receptor, FGFR1l, FHIT, GATA3, Ki67, Mucin
1, P53, P-Cadherin, Progesterone receptor, TACC1,
TACC2, TACC3.

According to another embodiment the pool of
protein comprises a protein set comprising all

proteins of the Table 0 above.

The method further comprises at least one of
the following embodiments :
- the detection of overexpression of at
least one, preferably at least two, three or all of

the following proteins
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EGFR, P53, Ki67, FGFR1, ERBB2, ERBB3, ERBB4, Cyclin
D1, Cyclin E, Cytokeratin 5/6.

- the detection of overexpression of
at least one, preferably at least two, three or all
of the following proteins

Estrogen Receptor, FHIT, GATA3, Mucin 1, P-
Cadherin, Progesterone receptor, TACCl, TACC2,
TACC3, Afadin, Aurora A, a-Catenin, B -
Catenin,BCL2,Cytokeratin 8/18, E-Cadherin.

A further object of the invention is to provide
a protein 1library wuseful for the molecular
characterization of histopathologic features of
breast disease comprising or corresponding to a pool
of protein sequences, over or under expressed, in
breast tissue or cells, said pool corresponding to

the protein sets previously described.

Preferably, said protein 1librairies may be
immobilized on a solid support which may be
preferably selected from the group comprising nylon
membrane, nitrocellulose membrane, polyvinylidene
difluoride, glass slide, glass beads, polystyrene
plates, membranes on glass support, silicon chip or

gold chip.

In a further aspect, the present invention
provides a method for analyzing differential protein
expression associated with histopathologic features
of breast disease comprising the detection of the
overexpression or underexpression of a pool of
protein in breast tissues comprising :

a) obtaining breast tissue cells from a

patient, and
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b) measuring in the tissue cells obtained in
step (a) over or underexpression of proteins of a

library as previously described.

Alternatively to breast tissue cells from a
patient, the detection of over or under expression
of the pool of protein may be carried out on breast

tumor cell lines.

The proteins may be directly or indirectly
labeled before reaction step (b) with a label which
may be selected from the group comprising
radioactive, colorimetric, enzymatic, molecular
amplification, bioluminescent or fluorescent labels.
Advantageously, one or more specific label are used
for each protein of the library according to the
invention. A person skilled the art will be able to
choose appropriate labels and labelling methods to
carry out the invention. For example, one may use a
label selected in the group comprising and not

limited to : biotine, digoxygenin.

The measuring of over or under
expression of proteins may be carried out on cell or
tissue, frozen or embedded in any appropriate
material, e.g., paraffin, e.g. tissue microarray.
Various known method of the prior art may be used
as, e.g., ImmunoHistoChemistry (IHC) technologies.
The measuring of over or under expression of
proteins may be also be carried out by the use of,
e.g., protein (micro)arrays, antibody (micro)arrays,
antigen (micro)arrays or any other appropriate
technology, e.g., by using the previously defined

supports.



10

15

20

25

30

35

WO 2005/071419

1 PCT/IB2005/000261

According to an advantageous embodiement, the
method for analysing differential protein expression
of the invention further comprises:

a) obtaining a control sample

b) measuring in the control sample obtained in
step (a) expression level of each protein
corresponding to library according to the invention

c) comparing expression level of each protein
with the level of equivalent protein in breast

tissue cells from a patient, or in cell lines.

The present invention is useful for detecting,
diagnosing, staging, monitoring, predicting,
preventing conditions associated with breast cancer.
It is particularly useful for predicting clinical
outcome of breast cancer and/or predicting
occurrence of metastatic relapse and/or determining
the stage or aggressiveness of a breast disease in
at least 50%, e.g., at least 55%, e.g., at least
60%, e.g., at least 65%, e.g., at least 70%, e.g.,
at least 75%, e.g., at least 80%, e.g., at least
85%, e.g., at least 90%, e.g., at least 95%, e.qg.,
100% of the patients. The invention is also useful
for selecting more appropriate doses and/or schedule
of chemotherapeutics and/or biopharmaceuticals
and/or radiation therapy to circumvent toxicities in

a patient.

In particular, the invention is also useful for
selecting appropriate doses and/or schedule of
chemotherapeutics and/or (bio)pharmaceuticals,
and/or targeted agents, among which one may cite
Aromatase Inhibitors (e.g., Exomestane, Anastrazole,
Letrozole), Anti-estrogens (e.g., Fluvestrant,

Tamoxifen), Taxanes (e.g., PacliTaxol, Docetaxel),
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Antracyclines (e.g., Doxurubicin, Cyclophosphamide),
CHOP (Doxurubicin, Cyclophosphamide, ocovorin,
prednisone when taken in combination). Other drugs
like Velcade™, 5-Fluorouracil, Vinblastine,
Gemcitabine, Methotrexate, Goserelin, Irinotecan,
Thiotepa, Topotecan or Toremifene may be cited as
well.

For targeted therapies, one may cite Iressa
(gefitnib, 2zD1839, anti-EGFR, PDGFR, c-kit, Astra-
Zeneca); ABX-EGFR (anti-EGFR, Abgenix/Amgen);
Zarnestra (FTI, J & J/0Ortho-Biotech); Herceptin
(anti-HER2/neu, Genentech); Avastin (bevancizumab,
anti-VEGF antibody, Genentech); Tarceva (ertolinib,
0SI-774, RTK inhibitor, Genentech-Roche); 2ZD66474
(anti-VEGFR, Astra-Zeneca); Erbitux (IMC-225,
cetuximab, anti-EGFR, Imclone/BMS); Oncolar (anti-
GRH, Novartis); PD-183805 (RTK inhibitor, Pfizer);
EMD72000, (anti-EGFR/VEGF ab, MerckKgaA); CI-1033
(HER2/neu & EGF-R dual inhibitor, Pfizer); EGF10004;
Herzyme (anti-HER2 ab, Medizyme Pharmaceuticals);
Corixa (Microsphere delivery of HER2/neu vaccine,

Medarex).

Further relevant anti-breast cancer agents are
described by Awada et al. in “The pipeline of new
anticancer agents for breast cancer treatment in
2003” Critical Reviews in Oncology/Hematology 48
(2003) 45-63, the content of which is incorporated

herein by reference.

Advantageously, in a method according to the
present invention, breast tissue cell may be
obtained from a patient regardless of whether said

patient has received or not a neo-adjuvant or
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adjuvant, e.g., systemic, therapy. Similarly,

treated or untreated cell lines may be used.

Advantageously, in a method according to the
present invention, breast tissue cell may be
obtained from a patient regardless of ER receptor

expression.

In a further aspect, the present invention
provides a method for treating a patient with a
breast cancer comprising (i) the implementation of a
method for analysing differential protein expression
according to the invention on a sample from said
patient, and (ii) determining a treatment for this
patient based on the analysis of differential

protein expression profile obtained in step 1i).

In a further aspect, the present invention
relates to a method for analyzing differential
protein expression associated with histopathologic
features of breast disease according to the
invention wherein the detection of the
overexpression or underexpression of said pool of
protein in breast tissues comprises the detection of
the overexpression or underexpression of nucleic

acids coding for said proteins.

The present invention further relates to a
nucleic acids library useful for the molecular
characterization of histopathologic features of
breast disease comprising nucelic acids coding for
the over or underexpressed proteins according to the

invention, or equivalent thereof.
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The sequences of the nucleic acids of the
library according to the invention are easily
available for a person skilled in the art that may,
for example, use printed publications describing
said sequences and/or public databases, e.g., the
National Center for Biotechnological Information
(NCBI) database, that provide such sequences as
well. The content of the NCBI database may be
available via internet at the following adress

http://www.ncbi.nlm.nih.gov/.

Definitions

“aggressiveness of cancer” refers to cancer growth
rate or potential to metastasise; a so-called
“aggressive cancer” will grow or metastasise rapidly
or significantly affect overall health status and

quality of life

“adjuvant therapy” refers to treatment involving
radiation, chemotherapy (drug treatment), biologic
therapy (vaccines) or hormone therapy, or any

combination given after primary treatment.

“antibody" is intended to include whole antibodies,
e.g., of any isotype, and includes fragments thereof
which are also specifically reactive with a
vertebrate, e.g., mammalian, protein. Antibodies can
be fragmented using conventional techniques and the
fragments screened for utility in the same manner as
described above for whole antibodies. Thus, the term
includes segments generated by proteolyticcleavage
or prepared recombinant portions of an antibody
molecule capable of selectively reacting with a

certain protein. Non-limiting examples of such



10

15

20

25

30

35

15

WO 2005/071419 PCT/IB2005/000261

proteolytic and/or recombinant fragments include
Fab, F(ab')2, Fab', Fv, and single chain antibodies
(scFv) containing a V[L) and/or V[H] domain joined
by a peptide linker. The scFv's may be covalently or
non-covalently linked to form antibodies having two
or more binding sites. Antibodies may include
polyclonal, monoclonal, or other purified
preparations of antibodies and recombinant

antibodies.

“associated with” refers to a disease in a subject
which is caused by, contributed to by, or causative

of an abnormal level of expression of a protein.

“control” comprises for example proteins from a
sample of the same patient or from a pool of
different patients, or selected among reference
proteins which may be already known to be over or
under expressed. The expression level of said
control can be an average or an absolute value of
the expression of reference proteins. These values
may be processed in order to accentuate the
difference relative to the expression of the
proteins according to the invention. The analysis of
the over or under expression of proteins can be
carried out on sample such as biological material
derived from any mammalian cells, including cell
lines, xenografts, human tissues preferably breast
tissue, etc. The method according to the invention
may be performed on sample from a, e.g., cell lines,
healthy donors, patients or an animal (for example

for veterinary application or preclinical studies).

“directly or indirectly labeled” include proteins

the sub-constituants of which, i.e., amino acids or
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amino acid groups or atoms, are themselves labeled
(directly), as well as proteins labeled by the
intermediate of any element able to recognize and

bind to the targeted protein, e.g., an antibody.

“equivalent” includes nucleic acids encoding
functionally equivalent proteins. Equivalent
nucleotide sequences will include sequences that
differ by one or more nucleotide substitutions,
additions or deletions, such as allelic variants;
and will, therefore, include sequences that differ
from the nucleotide sequence of the nucleic acids of
the invention because of the degeneracy of the

genetic code.

“good-prognosis” and “poor-prognosis” respectively
refer to favorable (e.g., remission) or unfavorable

(e.g., metastasis, death) patient clinical outcome.

“histopathologic features of breast diseases”
includes diseases, disorders or conditions known as,
lethaly or not, affecting breast cells and/or
tissues, including but not limited to breast
tumours, for example i) non cancerous breast
diseases, for example, hyperplasias, metaplasias,
fibroadenomas, fibrocystic disease, papillomas,
sclerosing adenosis or preneoplastic, or ii) breast
cancer. As “breast cancer” one may cite :

A) noninvasive breast cancers including i)
ductal carcinoma in situ (also called intraductal
carcinoma or DCIS), consisting of cancer cells in
the lining of the duct ii) Lobular carcinoma in
situ, or LCIS (also known as lobular neoplasia);

B) Invasive cancer occurring when cancer cells

spread beyond the basement membrane which covers the



10

15

20

25

30

WO 2005/071419

17 PCT/1B2005/000261

underlying connective tissue in the breast, and
which include i) Infiltrating ductal carcinoma that
penetrates the wall of a duct and ii) Infiltrating
lobular carcinoma which spread through the wall of a
lobule and may sometimes appear in both breasts,

sometimes in several separate locations.

“ImmunoHistoChemistry (IHC)” refers to methods using
histochemical 1localization of immunoreactive
substances using antibodies as reagents on cells or
tissues by technologies such as, but not limited to
flow cytometry, ELISA, Western and Southwestern Blot

Analysis, and frozen and paraffin-embedded samples.

“Nucleic acids” refers to polynucleotides, e.g.,
isolated, such as deoxyribonucleic acid (DNA), and,
where appropriate, ribonucleic acid (RNA). The term
should also be understood +to include, as
equivalents, analogs of RNA or DNA made from
nucleotide analogs, and, as applicable to the
embodiment being described, single (sense or
antisense) and double-stranded polynucleotides.
ESTs, chromosomes, cDNAs, mRNAs, and rRNAs are
representative examples of molecules that may be

referred to as nucleic acids.

“over or underexpression” may comprise the detection
of difference in the expression of the proteins
according to the present invention in relation to at

least one control.

“predicting clinical outcome” refers to the ability
for a skilled artisan to classify patients into at

least two <classes "good prognosis” and "bad
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prognosis” showing significantly different long-

term Metastasis Free Survival (MFS)

"Protein" refers to a polypeptide with a primary,
secondary, tertiary or quaternary structure, or any
portion or modification, e.g., a mutant, or isoform
thereof. A "portion" or “modification” of a protein
retains at least one biological or antigenic

characteristic of a native (wild-type) protein.

“Protein microarray” refers to a spatially defined
and separated collection of individual proteins

immobilised on a solid surface.
"Treating" as used herein is intended to encompass

treating as well as ameliorating at least one

symptom of the condition or disease.

IV - Description of the figures

Figure 1 represents hierarchical clustering
analysis of global protein expression profiles in
breast cancer as measured by IHC on TMA.

A/ Graphical representation of Thierarchical
clustering results based on expression profiles of
26 proteins in 552 early breast cancer samples. Each
row represents a sample and each column represents a
protein. Immunostaining results are depicted
according to a color scale: red or brown for strong
or moderate positive staining, respectively, green
for negative staining, gray for missing data.
Dendrograms of samples (to the left of matrix) and
proteins (above matrix) represent overall

similarities in expression profiles. Three major
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clusters of tumors (Al, A2 and B) are shown (Al and
A2 correspond to luminal cells; B corresponds to
basal cells). Colored bars to the right and colored
branches in the dendrogram indicate the locations of
3 sample clusters of interest 2zoomed in C. B/
Dendrogram of proteins. Two major clusters "P1"
(basal/stem cells) and "P2" (luminal/glandular
cells) are identified and further divided in 4
smaller clusters designated ‘"proliferation",
“mitosis", “ER-related” and *“adhesion" cluster,
respectively. C/ Expanded view of selected sample
clusters showing a partial grouping of tumors with
similar histological type (LOB: 1lobular, DUC:
ductal, OTH: other, MIX: mixed; blue bar) or ER

status (positive, red bar and negative, orange bar).

Figure 2 represents classification of 552
breast cancer samples based on the expression of the
21-protein discriminator set identified by
supervised analysis.

A and B/ Correlations between the molecular grouping
based on the combined expression of the 21 proteins
and the occurrence of metastatic relapse in the
learning (A) and the validation (B) set of samples.
C/ Supervised classification of all 552 samples
using the 2l-protein expression signature. Each row
of the data matrix (left panel) represents a sample
and each column represents a protein. Immunostaining
results are depicted according to the color scale
used in Figure 1. The 21 proteins, listed above the
matrix (ER*: means of three independent ER
analyses), are ordered from left to right according
to decreasing P (_P is the difference between the
probability of positive staining and the probability

of negative staining in non-metastatic samples).
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Tumor samples are numbered from 1 to 552 and are
ordered from top to bottom according to their
increasing "Metastasis Score" (right panel). The
orange dashed line indicates the threshold 0 that
separates the two classes of samples, "poor-
prognosis" (under the 1line) and "good-prognosis"
(above the line). The middle panel indicates the
occurrence (black square) or not (white square) of

metastatic relapse for each patient.

Figure 3 represents Kaplan-Meier analysis of
the metastasis-free survival of patients with breast
cancer according to the molecular classification
based on the 2l-protein expression signature or the
St-Gallen and the NIH consensus criteria.

Patients (pts) were classified in the "good-
prognosis" class or the "poor-prognosis" class using
the 21l-protein signature identified by supervised
analysis (A, B, E and F) or in the "low risk" class
or the "high risk" class using the St-Gallen and the
NIH consensus criteria (C and D). The P-values are
calculated using the log-rank test. A/ Survival of
all 552 patients. B/ Survival of 292 patients with
node-negative cancer (N-) and 255 patients with
node-positive cancer (N+). The difference of
survival is significant between the "good-prognosis”
class and the "poor-prognosis" class for the node-
negative patients, as well as for the node-positive
patients. In contrast, survival is not significantly
different between the node-positive patients from
the "good-prognosis class" and the node-negative
patients from the "poor-prognosis class". C/
Survival of 292 patients with node-negative cancer
(N-) according to the St-Gallen criteria. D/

Survival of 292 patients with node-negative cancer
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(N-) according to the NIH criteria. E/ Survival of
186 patients without any adjuvant chemotherapy (CT)
and hormone therapy (HT). F/ Survival of 133
patients who received adjuvant chemotherapy (CT)

without hormone therapy (HT).

Figure 4 represents expression of proteins
studied by IHC on tissue microarrays (TMA).
A/ Representative Hematoxylin-Eosin and Safran
staining of a paraffin block section (25x30 mm’) from
a TMA containing 552 early breast cancer cases with
0.6 mm tumor cores. B/ Immunohistochemical staining
of a tumor core for the 21 proteins identified by
supervised analysis (magnification x200). <C/
Examples of IHC staining for 5 proteins with
differential expression in cancer tissue (bottom)
compared with normal tissue (top). 1, FHIT
expression in cytoplasm in normal lobules, down-
regulation in cancer sample (arrow); 2, Apical
normal expression of MUC1l, down-regulation and miss-

localization in the cytoplasm of cancer sample

(arrow); 3, Absence of ERBB2 expression in normal
lobule (arrow), overexpression on the cytoplasmic
membrane in positive cancer sample (arrow); 4,

Absence of nuclear expression of Cyclin D1 in normal
lobules (arrow), overexpression in nucleus of
positive cancer sample (arrow); 5, Normal
myoepithelial cells are immunostained by P Cadherin
(arrow), overexpression in cancer sample (arrow).

Magnification is x400.

V - Detailed description of the invention
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We have combined IHC and TMA to measure the
expression levels of selected proteins in a
consecutive series of 552 patients with early stage
breast cancer. Our aim was to determine protein
combinations to refine tumor classification and

improve the prognostic classification of disease.

V.1l) Protein expression profiling identifies

subclasses of breast cancer

Analysis and interpretation of the large amount
of data generated (552 samples and 26 antibodies,
~14.000 data points) required the development of
bioinformatic tools. As a first step, we applied
pre-existing unsupervised hierarchical clustering
algorithms as previously reported.”* Two recent
studies on breast cancer analyzed the expression of

2

15 proteins in 166 tumors,?® and 13 proteins on 107

samples,’’

respectively. Several of these markers
were included in the present work (BCL2, ER, PR,
ERBB2, EGFR, Cyclins, Cytokeratins, MIB1l, P53),
allowing for direct comparison of results. In our
analysis, clustering allowed the identification of
four major coherent protein clusters designated
according to the function of most included proteins:
“ER-related cluster", *“adhesion cluster", “mitosis
cluster" and "proliferation cluster". Correlated
expression of proteins may be due to different
mechanisms such as coregqulation (e.g., ER/BCL2%?),
functional interaction (e.g., STK6/Taxins?’" ?2%),
phenotypic association (e.g., ERBB2/P53%) or
chromosomal location (e.g., FGFR1/TACCl located on
8pll). Some co-expressed proteins were previously
reported in RNA or protein expression profiling
studies. For example, ER, PR, BCL2 and GATA3

clustered together.®!®” ! This "ER-related cluster"
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was negatively correlated with the "mitosis" and
"proliferation” clusters, in agreement with the
higher proliferation index in ER-negative tumors*
and the known proliferation-differentiation balance
in carcinomas. The "ER-related cluster" was close to
the "adhesion cluster" that included other markers
that may correlate positively with ER expression
such as FHIT,*” CK8/18,' ?* CCND1* and MUCl.® Our
"proliferation cluster" had some similarities to
that identified by others with the common presence
of P53, Ki67, CCNE, ERBB2 and CK5/6' or CCNE, ERBB2,
EGFR and CK5/6.?> Interestingly, this cluster also
included CDH3/P-Cadherin, present in a "basal
cluster" identified in gene expression analyses’ and
previously shown to be overexpressed in a subgroup
of breast carcinomas associated with higher
proliferation rates and aggressive behavior.?
Hierarchical clustering sorted tumors into
three clusters that correlated with relevant
histoclinical parameters, including histological
type, SBR grade, ER status, ERBB2 status and the
presence or absence of peritumoral vascular emboli.
Correlations were found between the characteristics
of these tumor clusters and their protein expression
profiles. For example, the high number of grade III
tumors in cluster B, as well as the high number of
ERBB2-positive samples, agreed with the frequent
strong expression of the "proliferation" cluster -
which included ERBB2 - and the "mitosis" cluster in
these tumors. Conversely, 99% of cluster Al samples
were ER-positive, and showed a frequent strong
expression of the "ER-related" cluster and low

expression of the "proliferation cluster".??

Interestingly, the tumor clusters also

correlated with a breast cancer classification
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recently proposed in two series of analyses that
provided a new conceptual framework of mammary
oncogenesis. First, phenotypic analyses have
established a three-cell phenotypic classification

22, 36, 37 7qhese authors

of breast cancer cells.
suggested that biomarkers such as intermediate
filaments cytokeratins (CK), encoded by a large
number of keratin genes, are able to distinguish
between distinct cell subpopulations within the
mammary gland epithelial compartment. It has been
proposed that "basal" cells contain mammary gland
progenitor cells able to give raise to both
"luminal" and "myoepithelial"’® cells.(*® for review)
Progenitor cells express type II keratins CK5 and 6.
In contrast, differentiated "luminal" cells express
type II keratin CK8 and type I keratin CK18, which
are also observed in normal simple and glandular

10, 11

epithelia. Luminal cells also express ER. Use of

tissue microarray screening has confirmed this

emerging theory.!?  #

Second, recent gene expression
analyses using DNA microarrays have led to a similar
identification of subclasses of breast tumors that
corresponded to the phenotypic classification.’'!
These experiments concurred to establish a
distinction between several types of epithelial
cells in the mammary gland. The origin of the breast
malignant cell remains unknown. Two major types of
breast cancer may derive from basal/progenitor or
luminal cells, respectively. Alternatively, most
tumors may originate from pluripotent stem cells and
reach different stages of differentiation.®® oOur
results support this new classification model. Tumor
cluster Al may be approximated to a cluster of

luminal cell-like tumors, with frequent strong

expression of ER and CK8/18. Cluster B may consist
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of tumors with basal/progenitor, ER-negative
characteristics, i.e. strong expression of CK5/6 and
proliferation markers. A2 tumors, with an
intermediate profile, may represent a transitory
“baso-luminal” stage, or consist of tumors that have
lost ER function. It can be expected that luminal Al
tumors, in which the bulk of cells are more
differentiated and express ER-related cluster
proteins, are of better prognosis, whereas more
undifferentiated and proliferative basal B tumors
are associated with poor prognosis. The significant
differences in clinical outcome observed between the
three defined tumor clusters in this study are
consistent with this model and recent studies.’'! *!
In addition, we show that 1lobular carcinomas are
luminal-like tumors, and consist of differentiated

luminal cells that express CK8/18.

V.2) Protein expression profiling predicts

clinical outcome of breast cancer

Thus classical wunsupervised hierarchical
clustering applied to all tested proteins was able
to identify biologically and clinically relevant
classes of breast cancer. Recently, supervised
methods have been successfully applied to gene
expression data analysis in ©parallel with

unsupervised approaches.*

In a second step, we thus
developed a supervised method to identify the best
combination within 26 proteins that would further
improve the prognostic classification. To our
knowledge, our study is the first application of
such supervised methods to large-scale IHC data. We
identified a 2l-protein set which optimally
classified patients into two classes ("good-

prognosis"”" and ‘"poor-prognosis class") with
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significantly different long-term MFS. Initially
identified in a random learning set of 368 patients,
this prognostic signature was validated in an
independent set of 184 patients, showing its
robustness. Our discriminator set included 10
proteins coded by genes identified across recent

gene expression studies,’®

as well as other proteins
with unclear role in disease progression and
sensitivity to systemic therapy. The prognostic
value of the signature was increasingly accurate
with the addition of other proteins as evidenced by
univariate and multivariate analyses, further
highlighting the strength of large-scale molecular
analyses for understanding tumor heterogeneity
through the identification of expression signatures.

The classification based on the 2l-protein
predictor was associated with a highly significant
difference in clinical outcome. The 5-year MFS was
90% for patients of the "good-prognosis class" and
only 62% for patients of the "poor-prognosis class".
When compared in multivariate analysis with
classical prognostic factors and with each tested
protein separately, our classification performed
significantly better for predicting the occurrence
of metastatic relapse. Such prognostic association
persisted when applied to patients with lymph node-
positive and lymph node-negative cancer.
Interestingly, the MFS of node-negative patients
from the "poor-prognosis class" was similar to that
of node-positive patients from the "good-prognosis
class". Notably, our molecular classification
performed better than that defined by St-Gallen and
NIH criteria for node-negative patients. This
finding is of particular significance, since ~75% of

node-negative patients candidate for adjuvant
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chemotherapy based on the St. Gallen/NIH criteria
are currently thought to be over-treated. In the
present study, our 2l-protein predictor assigned
fewer node-negative patients to the "poor-prognosis
class", and their c¢linical outcome was more
frequently unfavorable than it was for patients
assigned to the high-risk class defined by St-Gallen
or NIH criteria. Our predictor also performed well
in patients irrespective of ER status. The 5-year
MFS was 90% for ER-positive patients from the "good-
prognosis class", and 58% for ER-positive patients
from the "poor-prognosis class", suggesting our 21-
protein set may provide more accurate clinical
information than ER status alone, possibly
reflecting functional differences in the ER pathway.
Additionally, our molecular classification conserved
its predictive impact for patients independent of
adjuvant systemic therapy. Since distant metastasis
may be influenced by adjuvant therapy, we separately
analyzed the 186 patients who did not receive any
chemo- and hormone therapy, as well as the 133
patients who exclusively received adjuvant
chemotherapy with anthracyclin-based regimen in most
cases. Interestingly, we found within the group of
186 untreated patients an odds ratio of 7.45 for
metastatic relapse in the "poor-prognosis class”
when compared with patients of the "good-prognosis
class". Similar discrimination was observed within
the 133 patients treated with chemotherapy alone
with a corresponding odds ratio of 3. Thus, the 21-
protein signature may facilitate the selection of
appropriate treatment options in early breast cancer
patients. It may be an important clinical tool to
circumvent unnecessary, toxic and costly treatment

of node-negative patients, and it may help for
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selecting, among patients who need adjuvant
chemotherapy, those who might benefit from standard
protocol and those who would be candidates to other

protocol or other form of systemic therapy.

VI - Materials and Methods

VI.1l) Patients and histological samples

A consecutive series of 552 women with early
(stage I, II or III) breast cancer treated at the
Institut Paoli-Calmettes before December 1999 was
studied using the TMA technology. The stage of
disease was defined according to TNM classification
(Union Internationale Contre le Cancer, UICC, TNM,
5** edition). Patients with 1locally advanced,
inflammatory or metastatic disease, or with previous
history of cancer were not included. Tumors were
invasive adenocarcinomas including, according to the
WHO histological +typing, 388 ductal carcinomas
(70%), 72 lobular (13%), 24 mixed (4%), 40 tubular
(8%), 8 medullary (1%) and 20 other types (4%).
Clinical annotation of each sample included patient
age, axillary lymph node status, pathological tumor
size, Scarff-Bloom-Richardson (SBR) grade,
peritumoral vascular invasion, estrogen receptor
(ER), progesterone receptor (PR) and ERBB2 status as
evaluated by IHC with positivity cut-off values of
1% for hormone receptors and with 2 or 3+ score
(HercepTest kit scoring guidelines) for ERBB2. The
characteristics of patients are listed in Table 1

(see first column only).

Table 1. Histoclinical characteristics of 552 breast

cancer patients, according to the membership to the
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as

defined using the expression of the 2l1-protein set.

Good- Poor-
All prognosis prognosis P-

Characteristics patients class* class* value

(N=552) (N=358) (N=194) **
no. of
patients
(% of
evaluated
cases)

Age, years 0.87
<50 153 (28) 100 (28) 53 (27)
>50 399 (72) 258 (72) 141 (73)

Lymph node 0.12

metasga51s 292 (53) 199 (56) 93 (49)

1-3 158 (29) 103 (29) 55 (29)

>3 97 (18) 55 (15) 42 (22)
Pathological 0.69
tumor 5:2€ 245 (45) | 171 (48) 74 (38)

STZ 228 (42) 136 (38) 92 (48)

T3 75 (13) 48 (14) 27 (14)

SBR grade <0.00
I 181 (33) 150 (42) 31 (16) 01
II 229 (42) 153 (43) 76 (39)

III 139 (25) 53 (15) 86 (45)
Peritumoral 0.10
vascular
invasion 345 (63) 233 (65) 112 (58)

absent 206 (37) 124 (35) 82 (42)

present
ER status <0.00

negative 129 (23) 12 (4) 117 (60) 01

positive 422 (77) 345 (96) 77 (40)

PR status <0.00
negative 195 (35) 67 (19) 128 (66) 01
positive 355 (65) 290 (81) 65 (34)

ERBB2 status <0.00
negative 461 (87) 317 (92) 144 (77) 01
positive 70 (13) 27 (8) 43 (23)

Chemotherapy 0.001
no 291 (53) 208 (58) 83 (43)
yes 261 (47) 150 (42) 111 (57)

Hormone therapy <0.00
no 286 (52) 161 (47) 125 (71) 01
yes 233 (48) 181 (53) 52 (29)

Follow-up***, NS

months 57 (2
median 182 ! 56 (3, 181) |58 (2, 182)

)

(range)
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<0.00
80 [76.2 | 90 [86.0 - | 62 [54.7 - | 01
- 83.7] 93.3] 70.0]

5~-year MFS
$ [95%CI]

* as defined using the 21-protein signature;
**  P-values for the comparison of numbers of patients

were calculated using the Chi-2 test, and P-values for
the comparison of metastasis-free survival (MFS) were
calculated using the log-rank test; NS, not significant;
*%%  calculated, for the 450 patients who did not
experience metastatic relapse as a first event, from the
date of diagnosis to the time of last follow-up;

CI denotes confidence interval.

Patients were treated according to the
following guidelines : all had primary surgery that
included complete resection of breast tumor
(modified radical mastectomy in 28% of cases and
lumpectomy in 72%) and axillary 1lymph node
dissection; 96% of patients (including 100% of those
treated with breast-conservative surgery) received
adjuvant local-regional radiotherapy; 47% were given
adjuvant chemotherapy (anthracyclin-based regimen in
most cases), and 42% received adjuvant hormone
treatment (tamoxifen for most cases). After
completion of 1local-regional treatment, patients
were evaluated at least twice per year for the first
5 years and at least annually thereafter. The median
follow-up was 57 months (range, 2 to 182) after
diagnosis for the 450 patients who did not
experience metastatic relapse as a first event, 37
months (range, 4 to 151) for the 102 patients with
metastasis as first event, and 51 months (range, 2
to 182) for all patients. The 5-year MFS rate was
80% [95%CI 76.2 - 83.7].

VI.2) Tissue microarrays construction
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TMA’'s were prepared as previously described?®
with slight modifications. For each tumor, three
representative areas from the primary tumor were
carefully selected from a hematoxylin-eosin stained
section of a donor block. Core cylinders with a
diameter of 0.6 mm each were punched from each of
these areas and deposited into three separate
recipient paraffin blocks using a specific arraying
device (Beecher Instruments, Silver Spring, MD). The
technique of TMA allows the analysis of tumors and
controls under identical experimental conditions. In
addition to tumor tissues, the recipient block also
received 10 normal breast tissue samples from 10
healthy women that underwent reductive mammary
surgery and pellets from nine mammary cell lines.
Five-um sections of the resulting TMA block were
made and used for IHC analysis after transfer onto
glass slides. We previously assessed the reliability
of the method by comparison with the standard
immunohistochemical method for the usual prognostic

parameters; the value of the kappa test was 0.95.%

VI.3) Selection of the 26 markers

The selection of the proteins was done
according to the following criteria: known or
potential importance in breast cancer and
availability of a corresponding antibody that
performed well in IHC on paraffin-embedded tissues.
Twenty-six proteins were selected including hormone
receptors (ER, PR), subclass markers (Cytokeratins),
oncogenes and proliferation proteins (ERBB family
members, BCL2, Cyclins, MIB1l, FGFR1l, Aurora A,
Taxins), tumor suppressors (P53, FHIT), adhesion
molecules (Cadherins, Catenins, Afadin), proteins

from oncogenes of amplified genomic regions (ERBB2,
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CCND1, STK6), and other potential prognostic markers
identified in specific studies or previous DNA
microarray experiments (CCNE, GATA3, MUCl). Twelve
out of the 26 proteins were mentioned as potential
significant genes in RNA expression profiling
studies in breast cancer. ®'> The characteristics of
the antibodies used are listed in Table 4. When
available, several antibodies were studied for
comparison, and only the reagents that gave the best

quality data were kept for the global analysis.
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VI.4) Immunohistochemical analysis

IHC was carried out on five-um sections of tissue
fixed in alcohol formalin for 24 h and embedded in
paraffin. Sections were deparaffinized in Histolemon
(Carlo Erba Reagenti, Rodano, Italy) and rehydrated in
graded alcohol. Antigen retrieval was accomplished by
incubating the sections in pre-treatment solutions
depending on the antibody used. Pretreatment conditions
are listed in Table 2. The reactions were carried out
using an autoimmunostainer (Dako Autostainer). Staining
was performed at room temperature as follows:
rehydrated tissues were washed in phosphate buffer,
followed by quenching of endogenous peroxidase activity
by treatment with 0.1% H,0,, slides, incubated with
blocking serum (Dako) for 30 min., then with the
affinity-purified antibody for one hour. After washes,
slides were sequentially incubated with biotinylated
antibody against rabbit IgG for 20 min. followed by
streptadivin-conjugated peroxidase (Dako LSAB®2 kit),
then visualized with Diaminobenzidine (3-amino-9-
ethylcarbazole). Slides were counter-stained with
hematoxylin, coverslipped using Aquatex (Merck,
Darmstadt, Germany) mounting solution, then evaluated
under a light microscope by two pathologists. The
results were expressed in terms of percentage (P) and
intensity (I) of positive cells as previously described
*, For each sample, the mean of the score of a minimum
of two core biopsies was calculated. The results were
then scored by the quick score (Q) (Q = P X I), except
for ERBB2 status that was evaluated with the Dako scale

(HercepTest™ kit scoring guidelines).
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Quick score allowed separating tumors into two or
three classes. Homogeneous classes were defined by
grouping samples with an equivalent staining level
according to the distribution curves as described.?
Two classes (negative and positive) were defined for
Afadin, o and f Catenins, BCL2, Cyclins D1 and E,
Cytokeratins 5/6 and 8/18, EGFR, ERBB3, ERBB4, FGFRI1,
GATA3, MIB1, P53, P-Cadherin, PR and TACC3, with a
positivity cut-off value of Q = 1, except for Cyclin D1
and MIB1l with a positivity cut-off value of 10 and 20,
respectively. Three classes were defined (negative,
moderate and strong staining) for Aurora A, E-Cadherin,
ER, FHIT, MUCl, TACCl, and TACC2, with negative (Q =
0), moderate (0< Q = 100 ) or strong expression (100 <
Q s 300). For ERBB2, three classes (0/1+, 2+, 3+) were

obtained with the Dako scale.

VI.5) Data analysis

A combination of exploratory unsupervised and
supervised bioinformatic methods was used to analyze
these immunohistochemical profiles. First, we applied
unsupervised hierarchical clustering similar to that
used in gene expression profiling studies. Data were
reformatted using the following scoring system: -2
designated negative staining, 1 weakly positive
staining, 2 strongly positive staining and missing data
were left blank in the scored table. Hierarchical
clustering investigates relationships between samples
and between proteins, based on the similarity of sample
immunoreactive scores. We used the Cluster program

(average-linkage with Pearson correlation as similarity
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metric) and results were displayed with the TreeView
software.?

We then performed supervised analysis to identify
thet protein-set that best distinguished between two
classes of samples with different clinical outcome. To
simplify the analyses, the IHC scores were recorded as
negative (negative staining) or positive (weakly and
strong positive staining). The classifier was derived
through training on a subset of chosen samples (2/3 of
population, learning set) and then validated on the
remaining subset (1/3 of population, validation set).
The assignment of samples to each set was random, but
the ratio between tumors with and without metastatic
relapse was preserved. An exhaustive testing comprising
all combinations of 1 to 5 proteins, as well as the
complementary combinations of 21 to 25 proteins was
performed to assess their ability to classify tumors
into 2 classes ("poor-prognosis" and "good-prognosis")

in agreement with their clinical outcome.

Using the protein expression scores of each
combination, we developed a "Metastasis Scoring" system
that assigned to each tumor a probability to belong to
the "poor-prognosis class" or the "good-prognosis
class". Consider a combination of N proteins PF,...,P,
(where N ranges from 1 to 5 and 21 to 26) and two

predefined classes X,Yof tumors within the learning
set: XT={X@.”“¥K} includes samples with metastatic

relapse during the follow-up and )’=§@“”Yy} includes

samples without any metastatic relapse. For each

protein combination tested, one tumor is represented as

a ternary vector (e.g. X}={Y(H)V”H¥ARQ} where each
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component is scored 0 for missing data or +1/-1 for
positive/negative IHC staining. Every tumor Z has a

score S(Z) defined as follows. For each protein P, we

{

compute the frequencies of +1/-1 value in the X class

(adjusted to avoid a 0 probability):

card{k:X,r (P)= +1}+1
card{k:Xk (P)= O}+ 2

fr(+]) =

card!(c:Xk(P,.) = —1}+1
card{k:)(,c (P)= 0}+ 2

fr(=D=

where, for instance, card{k:Xk(E)=+1} is the number
of X tumors with positive IHC staining for protein F.
Similarly we compute the frequencies f;(+1) and f;(-1) in
the Yclass and we define f/(0)=1. The Metastasis Score

of tumor Z is the 1log ratio of the joint

probabilities:

S(2)= ilog(ﬁé(zm))) ﬁlog(f; Z(BY))-

Samples were then sorted according to their S§(Z)
score. The natural threshold that divides the

population in 2 classes is §=0: if S(Z)>0 then Z is

more similar to the class X and is predicted to belong
to the "poor-prognosis class" and if S(Z)<0 then Z is
more similar to the class Y and is predicted to belong
to the "good-prognosis <class". The number of
misclassifications (error rate) was defined as the
number of X tumors classified in the "good-prognosis
class" plus the number of Y tumors classified in the
"poor-prognosis class". The best classifier protein-set

was that with the minimal rate of misclassified tumors.
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Once identified, the prognostic power of the
classifier was tested on the validation set by
classifying the remaining independent tumors using the
same approach. Finally, it was assessed on the whole
population. For each tumor set, the prognostic impact
was further estimated by univariate analyses that
compared the rate of metastatic relapses within the two
molecularly defined classes of tumors (Fisher exact

test).

VI.6) Statistical methods

Distributions of molecular markers and other
categorical variables were compared using either the
standard Chi-2 test or Fisher exact test. The follow-up
was calculated from the date of diagnosis to the time
of metastasis as first event or time of last follow-up
for censored patients. The end point was the
metastasis-free survival (MFS), calculated from the
date of diagnosis, first metastasis being scored as an
event. All other patients were censored at the time of
the last follow-up, death, recurrence of local or
regional disease, or development of a second primary
cancer, including contralateral breast cancer. Survival
curves were derived from Kaplan-Meier estimates and
were compared by log-rank test. The influence of
molecular grouping, adjusted for other factors
including classical prognostic factors and significant
IHC measurement, was assessed in multivariate analysis
by the Cox proportional hazard models. Survival rates
and odds ratios (OR) are presented with their 95%
confidence intervals (95%CI). Statistical tests were
two-sided at the 5% level of significance. All

statistical tests were done using SAS Version 8.02.
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VII - Results

VII.1l) Expression protein profiling of breast

cancers using tissue microarrays.

The expression of 26 proteins was studied by IHC
on TMA containing 552 early stage breast tumor samples
and controls (Figure 4A). As expected, staining for all
antibodies was homogeneous among the 10 normal breast
samples (data not shown), but much more heterogeneous
for tumor samples. Sixteen proteins were underexpressed
in 12% (for MUC1l) to 60% (for Aurora A) of cases, and
overexpressed for 10 proteins in 11% (for Ki67/MIBl) to
66% (for ERBB4) of cases in cancerous tissues compared
to normal samples. Examples of IHC staining are shown
in Figure 4 (panels B and C). Results are summarized in
Table 3.
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VII.2) Unsupervised hierarchical classification

of 552 breast tumors upon protein expression

profiling.
VII.2.1l) Hierarchical clustering

The overall expression patterns for the 552
samples were first analyzed with hierarchical
clustering. Results are displayed in a color-coded
matrix in Figure 1lA. The clustering algorithm orders
proteins on the horizontal axis and samples on the
vertical axis on the basis of similarity of their
expression profiles. This similarity is shown as a
dendrogram where the length of branch between two
elements reflects their degree of relatedness.
Protein expression scores are represented according
to a color scale: red for strong positive staining,
brown for weak positive staining and green for
negative staining. Despite significantly
heterogeneous expression, such combinatorial
analysis and color display highlighted groups of
correlated proteins across correlated samples.

Figure 1B displays the dendrogram of related
proteins. As expected, the three interpretations of
ER staining made independently by two pathologists
were highly correlated (R’ between 0.87 and 0.96)
(Figure 1C, middle and bottom panels). Furthermore,
there was a high degree of concordance for
expression of ER between IHC on full sections and on
TMA (p<0.0001, Chi-2 test). Two major protein
clusters - designated "P1l" and "P2" - were
identified (Figure 1B). These clusters were further
divided into smaller sub-groups including a cluster
(thereafter designated “ER-related cluster”) of ER-
associated proteins (PR, BCL2, GATA3) and an
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“adhesion cluster" (E-Cadherin, _-Catenin, Afadin).
We?” have demonstrated that Aurora A (STK6) and
Taxins (TACCl-3) are interacting partners and
involved in cell division. This translated in the
formation of a third cluster (thereafter designated
“mitosis cluster"). The fourth cluster (thereafter
designated "proliferation cluster") defined by the
routinely used marker Ki67/MIB1l, revealed that
proteins such as EGFR, ERBB2, P53 and the Gl cyclin
CCNE are preferentially overexpressed in tumors
undergoing rapid growth.

The combined protein expression patterns
defined two major clusters of tumors designated
cluster A (462 cases) and cluster B (89 cases) in
Figure 1 (1 case that clustered outside of the 2
clusters was excluded from further analysis).
Cluster A could be further subdivided into two
subclusters, Al (393 cases) and A2 (89 cases).
Globally, cluster Al tumors displayed a strong
expression of the "ER cluster" and the "adhesion
cluster" and a low expression of the "proliferation
cluster"” in most of cases, whereas the "mitosis
cluster" was strongly expressed in ~50% of samples.
In general, cluster B tumors displayed overall a low
expression of the "ER cluster" but a strong
expression of the three other protein clusters.
Cluster A2 included ER-positive and ER-negative
tumors that displayed an intermediate profile
characterized overall by strong expression of the
"adhesion cluster" and a low expression of the "ER
cluster", the "proliferation cluster" and the

"mitosis cluster".

VII.2.2) Correlation with histoclinical

parameters and survival
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We 1identified correlations between tumor
clusters and relevant biopathological parameters. In
each cluster, the most frequent histological type
was the ductal type; however in cluster Al, 19% of
samples were of the lobular type compared with 12%
in cluster A2 and only 7% in cluster B (p=0.03; Chi-
2 test). Figure 1C (top panel) shows, within cluster
Al, a subcluster of 24 tumors that includes 21
lobular or mixed (lobular/ductal) carcinomas with
low expression of E-Cadherin, consistent with a
previous report.?” Correlation also existed with SBR
grade; in cluster Al, 41% of cases were grade I and
15% were grade III compared with 23% and 35% in
cluster A2, and 7% and 63% in cluster B (p<0.0001;
Chi-2 test), respectively. In cluster B, samples
were more likely to be ERBB2-positive (2+ or 3+ in
IHC, 36% of cases) compared with 8% in cluster Al
and 12% in cluster A2 (p<0.0001, Chi-2 test).
Conversely, cluster Al samples were more likely to
be ER-positive (99% of cases) compared with 35% in
cluster A2 and 10% in cluster B (p<0.0001, Chi-2
test). Finally, peritumoral vascular emboli were
more frequent in A2 tumors (53% of cases) than in B
(37%) and Al (35%) tumors (p=0.02, Chi-2 test).
Interestingly, no correlation was found with age of
patients, pathological size of tumors, and axillary
lymph node status.

Importantly, the tumor clusters correlated with
clinical outcome. With a median follow-up of 57
months, the 5-year MFS was significantly different
(p<0.0001, log-rank test) between cluster Al (54
metastases, 86% MFS [95%CI 82.1 - 89.9]), cluster A2
(21 metastases, 68% MFS [95%CI 79.9 - 56.5]) and
cluster B (26 metastases, 66% MFS [95%CI 54.3 -
77.6]1) (data not shown).
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VII.3) Supervised analysis and clinical outcome

We developed a supervised analysis method to
search for smaller sets of discriminator proteins
that might improve our prognostic classification.
Analysis was conducted using two equivalent but
independent tumor sets (learning and validation
sets).

VII.3.1l) Supervised analysis and classification
of patients
The learning set of samples (n=368) allowed the
identification of a combination of proteins (protein
expression signature) that correlated with long-term
MFS. The number of proteins in the "metastatic
predictor" was optimized by iteratively testing all
combinations of 1 to 5 proteins and the
complementary combinations of 21 to 25 proteins and
by assessing their ability for correct
classification of samples using a "Metastatic
Score". The optimal combination for these tumors
contained 21 proteins (Figure 2C). Examples of IHC
staining for these 21 proteins are shown in Figure
4B. Samples from the learning set were ordered using
the "Metastatic Score". Two classes of samples
("poor-prognosis class", positive scores and "good-
prognosis class", negative scores) were defined
using a cut-off value of 0. As shown in Figure 2A,
the classifier predicted rather successfully the
actual clinical outcome of patients: 47 out of the
128 patients (37%) with positive score displayed
metastatic relapse whereas only 21 out of the 240
(9%) with negative score experienced metastasis
during follow-up (odds ratio, OR=6.1 [95%CI 3.3 -
11.3], p<0.0001, Fisher exact test).
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We then shown the ability of this multiprotein
signature to predict prognosis in an independent set
of 184 patients (validation set). Using the same
threshold for the "Metastatic Score" previously
described, we identified two classes of patients
that strongly correlated with clinical outcome.
There were 24 metastatic relapses out of the 63
patients (38%) in the "poor-prognosis class" and
only 10 out of the 121 (8%) in the "good-prognosis
class" (odds ratio, OR=6.8 [95%CI 2.8 - 17.3],
p<0.0001, Fisher exact test) (Figure 2B). These
results confirmed and validated the predictive
capacity and robustness of our 2l-protein signature.

When all 552 cases (learning and validation cases)
were analyzed together, the predictor correlated
well with long-term MFS. Figure 2C shows the
expression profiles of the 21 proteins in the 552
tumors in a color-coded matrix. Samples are ordered
from top to bottom according to their increasing
"Metastatic Score" and proteins from left to right
according to decreasing _P (_P is the difference
between the probability of positive staining and the
probability of negative staining in non-metastatic
samples). The orange dashed 1line indicates the
threshold 0 that separates the two classes, "good-
prognosis" (above the 1line) and "poor-prognosis”

(under the line).

VII.3.2) Correlation of molecular
classification with histoclinical parameters and
survival

Table 1 (see the three last columns) shows the
characteristics of patients in each class. The
histoclinical parameters significantly associated

with this classification were SBR grade (p<0.0001,
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Chi-2 test), hormone receptor status (p<0.0001,
Fisher exact test), ERBB2 status (p<0.0001, Fisher
exact test), and whether patients received adjuvant
chemotherapy (p=0.001, Fisher exact test) or hormone
therapy (p<0.0001, Fisher exact test). There was no
correlation with patient age, tumor size, and number
of involved 1lymph nodes. In contrast, a strong
correlation with c¢linical outcome was observed
(Figure 2C): 65 of 194 patients (34%) assigned to
the "poor-prognosis class" displayed metastatic
relapse whereas only 37 of 358 (10%) assigned to the
"good-prognosis class" experienced metastasis during
follow-up (odds ratio, OR=4.4 [95%CI 2.7 - 7.0],
p<0.0001, Fisher exact test). The 5-year MFS was
62% [95%CI 54.7 - 70.0] in the "poor-prognosis
class", and 90% [95%CI 86.0 - 93.3] in the "good-
prognosis class" (p<0.0001, log-rank test) (Figure
3a).

VII.3.3) Survival and lymph node status

Our protein expression signature also
classified the 255 patients with node-positive
disease into two classes that correlated with
clinical outcome. In the "good-prognosis class", 28
out of 158 patients experienced metastatic relapse
during follow-up as compared with 43 out of 97 in
the "poor-prognosis class" (odds ratio, OR=3.7
[95%CI 2.0 - 6.8], p<0.0001, Fisher exact test)
(Figure 3B).

The same was true for the 292 patients with
node-negative breast cancer. In this group, the odds
ratio for metastasis was 6.5 ([95%CI 2.7 - 16.8],
p<0.0001, Fisher exact test) among the 93 women from
the "poor-prognosis class", as compared with the 199

women from the "good-prognosis class" (Figure 3B).
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As shown, there was no significant difference for
MFS between the 158 node-positive patients from the
"good-prognosis class" and the 93 node-negative
patients from the "poor-prognosis class" (p=0.142,
log-rank test).

We compared our prognostic classification of
node-negative patients with those provided by the
consensus criteria established during the St-Gallen

3% These criteria classified all

and NIH conferences.
292 patients into two groups (low risk versus high
risk) (Figures 3C and 3D). Our multiprotein
signature classified many more patients into the
"good-prognosis class” (199 wvs 80 wvs 43,
respectively) and less patients in the "poor-
prognosis class" (93 vs 209 vs 245) as compared with
St-Gallen and NIH classifications, and
interestingly, with a percentage of metastatic
relapse similar in the classes with low risk (4.5%
vs 5% vs 7%, respectively), but greater in the
classes with high risk (24% vs 13% vs 11%,
respectively). In fact, the low-risk group and the
high-risk group defined according to consensual
criteria could further be subdivided in prognostic
subgroups when the 2l-protein signature was applied

(data not shown).

VII.3.4) Survival and estrogen receptor status.

The same analysis was separately applied to ER-
positive and ER-negative tumors. In the ER-positive
group (n=422), 35 of 345 patients from the "good-
prognosis class" displayed metastatic relapse as
compared with 29 of 77 from the "poor-prognosis
class" (odds ratio, OR=5.4 [95%CI 2.8 - 9.9],
p=<0.0001, Fisher exact test). The corresponding 5-
year MFS were 90% [95%CI 85.9 - 93.3] and 58% [95%CI
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45.4 - 70.6], respectively (p<0.0001], log-rank test)
(data not shown). The same trend was observed,
although not significant (p=0.21, log-rank test),
for the 129 ER-negative tumors with 5-year MFS of
91% [95%CI 76.0 - 100.0] and 66% [95%CI 56.0 -
75.1], respectively.

VII.3.5) Survival and adjuvant systemic therapy

Since the occurrence of metastatic relapse may
be influenced by the delivery of adjuvant systemic
therapy, the classification based on our 2l-protein
signature was applied to 186 women who received
neither chemotherapy nor hormone therapy after
local-regional treatment. Importantly, the 21-
protein signature successfully predicted prognosis
in these patients: 6 metastatic relapses of 119
patients in the "good-prognosis class" and 19 of 67
in the "poor-prognosis class" (odds ratio, OR=7.4
[95%CI 2.6 - 23.9], p<0.0001, Fisher exact test)
(Figure 3E).

Similar results were observed when we focused
on the 133 patients who received adjuvant
chemotherapy without hormone therapy. In the "good-
prognosis class”", 12 of the 58 patients displayed
metastatic relapse whereas 33 of 75 experienced
metastasis in the "poor-prognosis class" (odds
ratio, OR=3 [95%CI 1.3 - 7.2], p=0.006 Fisher exact
test) (Figure 3F).

VII.3.6) Uni- and multivariate prognostic
analysis

We finally compared the prognostic ability of
our molecular grouping of tumors with classical
histoclinical factors and individual protein

markers. In univariate analysis, the histoclinical
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factors that correlated with MFS (p<0.05, log-lank
test) were pathological tumor size (=20 mm, >20),
tumor grade (SBR I, II, III), number of positive
axillary lymph nodes (0, 1-3, 24), and peritumoral
vascular invasion (negative, positive). Proteins
significantly correlated to MFS were BCL2
(p<0.0001), GATA3 (p=0.0006), MIB1l (p<0.0001), ER
(p<0.0001), PR (p=0.0007), P53 (p=0.003) and a-
Catenin (p=0.005) (Table 4).

Table 4. Cox proportional-hazards multivariate analyses
in

metastasis-free survival (n=552).

Variable P-value

Hazard ratio

[95%CI]

Molecular classification

(21-protein set)
"good-prognosis class" 1 <0.0001

"poor-prognosis class"” 2.20 [1.25 - 3.89]

Tumor size

< 20 mm 1

> 20 mm 3.17 [1.74 - 5.75]| 0.0003
Axillary lymph node
metastasis

=3 1 0.0018

>3 2.48 [1.45 - 4.25]
MIB1/Ki67 status

negative 1

positive 2.38 [1.30 - 4.331| 0.0030
Hormone therapy

no 1

yes 0.48 [0.27 - 0.87]} 0.0137

CI denotes confidence interval.
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The influence on the risk of distant metastasis
of our multiprotein-based grouping, adjusted for
other prognostic factors, was assessed in
multivariate analysis by the Cox proportional
hazards model. The parameters entered in the model
were dichotomised and included the classification
based on the discriminator 2l-protein set ("good-
prognosis class" and "poor-prognosis class"), age of
patients (=50 years, >50 years), number of positive
axillary lymph nodes (0, 1-3, =24), pathological
tumor size (=20 mm, >20), tumor grade (SBR I, II,
III), estrogen receptor status (negative, positive),
progesterone receptor status (negative, positive),
peritumoral vascular invasion (negative, positive),
chemotherapy (delivery or not), hormone therapy
(delivery or not) and each of the proteins
(negative, positive) significantly associated with
survival in univariate analyses. Results are shown
in Table 4. Several independent factors predictive
of distant metastasis as first event were evidenced
including the prognosis signature based on the 21-
protein combination, pathological size of tumors,
axillary lymph node status (only when dichotomized
=3 vs >3), Ki67/MIB1 status and delivery of hormone
therapy. However, the 2l-protein signature was the
strongest predictor with a hazard ratio of 2.2 for
"poor-prognosis class" patients, compared to "good-
prognosis class" patients ([95%CI 1.25 - 3.89],
p<0.0001).
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Claims

1) A method for analyzing
differential protein expression associated with
histopathologic features of breast disease
comprising the detection of the overexpression or
underexpression of a pool of proteins in breast
tissues or cells, said pool comprising all or part,
for example one, two, three or more of a protein set
comprising:

Afadin, Aurora A, a-Catenin, b-Catenin, BCL2,
Cyclin D1, Cyclin E, Cytokeratin 5/6, Cytokeratin
8/18, E-Cadherin, EGFR, ERBB2, ERBB3, ERBB4,
Estrogen receptor, FGFR1l, FHIT, GATA3, Ki67, Mucin
1, P53, P-Cadherin, Progesterone receptor, TACC1,
TACC2, TACC3, Cytokeratin 6, Cytokeratin 18, Angl,
AuroraB, BCRP1l, CathepsinD, CD10, CD44, CKl4, Cox2,
FGF2, GATA4, Hifla, MMP9, MTAl, NM23, NRGla,
NRGlbeta, P27, Parkin, PLAU, S100, SCRIBBLE, Smooth
Muscle Actin, THBS1l, TIMP1l.

2) A method for analyzing
differential protein expression associated with
histopathologic features of breast disease
comprising the detection of the overexpression or
underexpression of a pool of proteins in breast
tissues or cells, said pool comprising all or part,
for example one, two, three or more of a protein set
comprising:

Afadin, Aurora A, a-Catenin, b-Catenin, BCL2,
Cyclin D1, Cyclin E, Cytokeratin 5/6, Cytokeratin
8/18, E-Cadherin, EGFR, ERBB2, ERBB3, ERBB4,
Estrogen receptor, FGFR1l, FHIT, GATA3, Ki67, Mucin
1, P53, P-Cadherin, Progesterone receptor, TACCl,
TACC2, TACC3.
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3) A method for analyzing
differential protein expression associated with
histopathologic features of Dbreast disease
comprising the detection of the overexpression or
underexpression of a pool of protein in breast
tissues comprising a protein set comprising:

Afadin, Aurora A, a-Catenin, BCL2, Cyclin D1,
Cytokeratin 5/6, Cytokeratin 8/18, E-Cadherin,
ERBB2, ERBB3, ERBB4, Estrogen receptor, FGFR1l, FHIT,
Ki6é7, Mucin 1, P53, P-Cadherin, Progesterone
receptor, TACC2, TACC3.

4) The method according to claims
1 to 3 wherein the pool comprises a protein set
comprising:

Afadin, Aurora A, a-Catenin, b-Catenin, BCL2,
Cyclin D1, Cyclin E, Cytokeratin 5/6, Cytokeratin
8/18, E-Cadherin, EGFR, ERBB2, ERBB3, ERBB4,
Estrogen receptor, FGFR1l, FHIT, GATA3, Ki67, Mucin
1, P53, P-Cadherin, Progesterone receptor, TACCl,
TACC2, TACC3.

5) The method according to claim 1
to 4 comprising the detection of overexpression of
the following proteins :

EGFR, P53, Ki67, FGFR1l, ERBB2, ERBB3, ERBB4, Cyclin
D1, Cyclin E, Cytokeratin 5/6.

6) The method according to claim 1 to
5 comprising the detection of underexpression of the
following proteins :

Estrogen Receptor, FHIT, GATA3, Mucin 1, P-
Cadherin, Progesterone receptor, TACCl, TACC2,
TACC3, Afadin, Aurora A, a-Catenin, b-Catenin,
BCL2, Cytokeratin 8/18, E-Cadherin.
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7) A protein library useful for the
molecular characterization of histopathologic
features of breast disease comprising or
corresponding to a pool of protein sequences, over
or under expressed, in breast tissue or cells, said
pool corresponding to the protein defined in any of

claims 1 to 6.

8) A protein library according to

Claim 7 immobilized on a solid support.

9) A protein library according to
claim 7 or 8 wherein the support is selected from
the group comprising nylon membrane, nitrocellulose
membrane, polyvinylidene difluoride, glass slide,
glass beads, polyustyrene plates, membranes on glass

support, silicon chip or gold chip.

10) A method for analyzing
differential protein expression associated with
histopathologic features of Dbreast disease
comprising the detection of the overexpression or
underexpression of a pool of protein in breast
tissues comprising :

a) obtaining breast tissue cells from a
patient, and

b) measuring in the tissue cells obtained in
step (a) over or underexpression of proteins of a

library according to any of Claims 7 to 9.

11) The method according to Claim 10
wherein said proteins are directly or indirectly

labeled before reaction step (b).
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12) The method according to claim 11
wherein the 1label is selected from the group
consisting of radioactive, colorimetric, enzymatic,
molecular amplification, bioluminescent or

fluorescent labels.

13) The method according to claim 12
wherein one or more specific label are used for each
protein of a library according to any of Claims 7 to
9.

14) The method according to any of
claims 10 to 13, wherein said measuring of over or
under expression of proteins is carried out on

tissue microarray.

15) The method according to any of
claims 10 to 14, wherein the measuring of over or
under expression of protein is carried out by

ImmunoHistoChemistry (IHC)technologies.

16) A method according to claim 10
wherein the detection of over or under expression of
the pool of protein is alternatively carried out on

breast tumor cell lines.

17) The method according to any of
claims 10 to 16 further comprising
a) obtaining a control sample
b) measuring in the control sample obtained in
step (a) expression level of each protein
corresponding to library according to any of Claims

7 to 9
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c) comparing expression level of each protein
with the level of equivalent protein in a tissue

sample according to claim 10.

18) A method according to any of
claims 1 to 6 or 10 to 17, for detecting,
diagnosing, staging, monitoring, predicting,

preventing conditions associated with breast cancer.

19) The method according to any of
claims 1 to 6 or 10 to 17 for predicting clinical

outcome of breast cancer.

20) The method according to any of
claims 1 to 6 or 10 to 17 for predicting occurrence

of metastatic relapse.

21) The method according to claim 18
for determining the stage or aggressiveness of a

breast cancer.

22) A method according to any of
claims 1 to 6 or 10 to 21 wherein the breast tissue
sample is obtained from a patient regardless of
whether said patient has received a neo adjuvant or

an adjuvant therapy.

23) The method according to claim 22
wherein the breast tissue sample is obtained from a

patient who has received an adjuvant therapy.

24) The method according to claim 22
wherein the breast tissue sample is obtained from a

patient who has not received an adjuvant therapy.
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25) A method for treating a patient
with a breast cancer comprising (1) the
implementation of a method according to any of
claims 1 to 6 or 10 to 24 on a sample from said
patient, and (ii) determining a treatment for this
patient based on the analysis of differential
protein expression profile obtained with said

method.

26) A method for analyzing
differential protein expression associated with
histopathologic features of breast disease according
to claim 1 to 6 wherein the detection of the
overexpression or underexpression of said pool of
protein in breast tissues comprises the detection of
the overexpression or underexpression of nucleic

acids coding for said proteins.

27) A nucleic acids library useful
for the molecular characterization of
histopathologic features of breast disease

comprising nucelic acids according to claim 26.
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antyqetykr isrveftfpd fvtegardli

sncgnkesas

plvtgvttlv
vvavedvrkg
lvglkvvedg
rgilgsnvpi
qgggggelay
erivaecnav
sdsfletnvp
rmsasqgleag
dflavsenhi
ekvleatkll
Imirtpeeld
sfgeekskld
aeagsrmdkl
sgvdsamsli
vkrekgdetq

kgs

ntnskgpsnk
gdlmkaaage
ilklrnagne
lytasqgaclqg
alnnfdkgii
rqgacrtcvse
llvlieaakn
cpgvinaatw
ledvnkcvia
sntvmprfte
dsdfetedfd
aevskwddsg
grtirdhcpd
gaaknlmnav
tkikrasgkk

krgrskkahv
faddpcssvk
gdlgngykal
hpdvaaykan
vdplsfseer
ymgnagrker
gnekevkeya
alapkpgskl
lgekdvdgld
gveaaveals
vrsetsvgte
ndiivlakgm
sackqdllay
vgtvkasyva
hvnpvgalse

MATQADLMELDMAMEPDRKAAVSHWQQQOSYLDSGIHSGATTTAPSLSGKGNPEEEDVDTSQVLYEWEQGFSQSFT
QEQVADIDGQYAMTRAQRVRAAMFPETLDEGMQIPSTQFDAAHPTNVQRLAEPSQMLKHAVVNLINYQDDAELAT
RAIPELTKLLNDEDQVVVNKAAVMVHQLSKKEASRHAIMRSPOMVSAIVRTMONTNDVETARCTAGTLHNLSHHR
EGLLAIFKSGGIPALVKMLGSPVDSVLFYAITTLHNLLLHQEGAKMAVRLAGGLQKMVALLNKTNVKFLAITTDC
LQILAYGNQESKLIILASGGPQALVNIMRTYTYEKLLWTTSRVLKVLSVCSSNKPAIVEAGGMQALGLHLTDPSQ
RLVONCLWTLRNLSDAATKQEGMEGLLGTLVQLLGSDDINVVTCAAGILSNLTCNNYKNKMMVCQVGGIEALVRT
VLRAGDREDITEPAICALRHLTSRHQEAEMAQNAVRLHYGLPVVVKLLHPPSHWPLIKATVGLIRNLALCPANHA
PLREQGAIPRLVQLLVRAHQDTQRRTSMGGTQQQFVEGVRMEEIVEGCTGALHILARDVHNRIVIRGLNTIPLFV
QLLYSPIENIQRVAAGVLCELAQDKEAAEAIEAEGATAPLTELLHSRNEGVATYAAAVLFRMSEDKPQDYKKRLS
VELTSSLFRTEPMAWNETADLGLDIGAQGEPLGYRQDDPSYRSFHSGGYGQDALGMDPMMEHEMGGHHPGADYPV
DGLPDLGHAQDLMDGLPPGDSNQLAWFDTDL

<210> 5

<211> 239

<212> PRT

<213> Homo Sapiens

<400>

MAHAGRTGYD NREIVMKYIH YKLSQRGYEW DAGDVGAAPP GAAPAPGIFS SQPGHTPHPA

ASRDPVARTS
LTPFTARGRF
LNRHLHTWIQ

PLQTPAAPGA AAGPALSPVP PVVHLTLRQA GDDFSRRYRR DFAEMSSQLH
ATVVEELFRD GVNWGRIVAF FEFGGVMCVE SVNREMSPLV DNIALWMTEY
DNGGWDAFVE LYGPSMRPLF DFSWLSLKTL LSLALVGACI TLGAYLGHK

<210> 6
<211> 295
<212> PRT

<213> Homo Sapiens
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<400>

MEHQLLCCEV ETIRRAYPDA NLLNDRVLRA MLKAEETCAP SVSYFKCVQK EVLPSMRKIV 60
ATWMLEVCEE QKCEEEVFPL AMNYLDRFLS LEPVKKSRLQ LLGATCMFVA SKMKETIPLT 120
AEKLCIYTDN SIRPEELLQOM ELLLVNKLKW NLAAMTPHDF IEHFLSKMPE AEENKQIIRK 180
HAQTFVALCA TDVKFISNPP SMVAAGSVVA AVQGLNLRSP NNFLSYYRLT RFLSRVIKCD 240
PDCLRACQEQ IEALLESSLR QAQQNMDPKA AEEEEEEEEE VDLACTPTDV RDVDI295

<210> 7
<211> 395

<212> PRT

<213> Homo Sapiens
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MPpXRAIAOQAOHEHWNA

<210>
<211> 590
<212> PRT

<213> Homo Sapiens

(o]

<400>
MSRQSSVSFRSGGSRSFSTASAITPSVSRTSFTSVSRSGGGGGGGFGRVSLAGACGVGGYGSRSLYNLGGSKRIS
ISTRGGSFRNRFGAGAGGGYGFGGGAGSGFGFGGGAGGGFGLGGGAGFGGGFGGPGFPVCPPGGIQEVTVNQSLL
TPLNLQIDPSIQRVRTEEREQIKTLNNKFASFIDKVRFLEQQONKVLDTKWTLLQEQGTKTVRQNLEPLFEQYINN
LRRQLDSIVGERGRLDSELRNMQDLVEDFKNKYEDEINKRTTAENEFVMLKKDVDAAYMNKVELEAKVDALMDEI
NFMKMFFDAELSQMQTHVSDTSVVLSMDNNRNLDLDSIIAEVKAQYEEIANRSRTEAESWYQTKYEELQQTAGRH
GDDLRNTKHEITEMNRMIQRLRAEIDNVKKQCANLONAIADAEQRGELALKDARNKLAELEEALQKAKQDMARLL
REYQELMNTKLALDVEIATYRKLLEGEECRLSGEGVGPVNISVVTSSVSSGYGSGSGYGGGLGGGLGGGLGGGLA
GGSSGSYYSSSSGGVGLGGGLSVGGSGFSASSGRGLGVGFGSGGGSSSSVKFVSTTSSSRKSFKS

<210> 9
<211> 483
<212> PRT
<213> Homo Sapiens

<400>

MSIRVTQKSYKVSTSGPRAFSSRSYTSGPGSRISSSSFSRVGS SNFRGGLGGGYGGASGMGGITAVTVNQSLLSP
LVLEVDPNIQAVRTQEKEQIKTLNNKFASFIDKVRFLEQQNKMLETKWSLLQQQKTARSNMDNMFESY INNLRRQ
LETLGQEKLKLEAELGNMQGLVEDFKNKYEDEINKRTEMENEFVLIKKDVDEAYMNKVELESRLEGLTDEINFLR
QLYEEEIRELQSQISDTSVVLSMDNSRSLDMDSIIAEVKAQYEDIANRSRAEAESMYQIKYEELQSLAGKHGDDL
RRTKTEISEMNRNISRLQAEIEGLKGQRASLEAAIADAEQRGELAIKDANAKLSELEAALQRAKQDMARQLREYQ
ELMNVKLALDIEIATYRKLLEGEESRLESGMONMSIHTKTTSGYAGGLSSAYGGLTSPGLSYSLGSSFGSGAGSS
SFSRTSSSRAVVVKKIETRDGKLVSESSDVLPK

<210> 10
<211> 882
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<212> PRT
<213> Homo Sapiens

<400>
MGPWSRSLSALLLLLQVSSWLCQEPEPCHPGFDAESYTFTVPRRHLERGRVLGRVNFEDCTGRQRTAYFSLDTRF
KVGTDGVITVKRPLRFHNPQIHFLVYAWDSTYRKFSTKVTLNTVGHHHRPPPHQASVSGIQAELLTFPNSSPGLR
RQKRDWVIPPISCPENEKGPFPKNLVQIKSNKDKEGKVFYSITGQGADTPPVGVFIIERETGWLKVTEPLDRERI
ATYTLFSHAVSSNGNAVEDPMEILITVTDONDNKPEFTQEVFKGSVMEGALPGTSVMEVTATDADDDVNTYNAAT
AYTILSQDPELPDKNMFTINRNTGVISVVTTGLDRESFPTYTLVVQAADLQGEGLSTTATAVITVTDTNDNPPIF
NPTTYKGQVPENEANVVITTLKVTDADAPNTPAWEAVYTILNDDGGQFVVTTNPVNNDGILKTAKGLDFEAKQQY
ILHVAVTNVVPFEVSLTTSTATVITVDVLDVNEAPIFVPPEKRVEVSEDFGVGQEITSYTAQEPDTFMEQKITYRI
WRDTANWLEINPDTGAISTRAELDREDFEHVKNSTYTALIIATDNGSPVATGTGTLLLILSDVNDNAPIPEPRTI
FFCERNPKPQVINIIDADLPPNTSPFTAELTHGASANWTIQYNDPTQESIILKPKMALEVGDYKINLKLMDNQNK
DQVTTLEVSVCDCEGAAGVCRKAQPVEAGLQIPAILGILGGILALLILILLLLLFLRRRAVVKEPLLPPEDDTRD
NVYYYDEEGGGEEDQDFDLSQLHRGLDARPEVTRNDVAPTLMSVPRYLPRPANPDEIGNFIDENLKAADTDPTAP
PYDSLLVFDYEGSGSEAASLSSLNSSESDKDQDYDYLNEWGNRFKKLADMYGGGEDD

<210> 11
<211> 1210

<212> PRT

<213> Homo Sapiens

<400>
MRPSGTAGAALLALLAALCPASRALEEKKVCQGTSNKLTQLGTFEDHFLSLOQRMFNNCEVVLGNLEITYVQRNYD
LSFLKTIQEVAGYVLIALNTVERIPLENLQITRGNMYYENSYALAVLSNYDANKTGLKELPMRNLQEILHGAVRF
SNNPALCNVESIQWRDIVSSDFLSNMSMDFQNHLGSCQKCDPSCPNGSCWGAGEENCQKLTKIICAQQCSGRCRG
KSPSDCCHNQCAAGCTGPRESDCLVCRKFRDEATCKDTCPPLMLYNPTTYQMDVNPEGKYSFGATCVKKCPRNYV
VTDHGSCVRACGADSYEMEEDGVRKCKKCEGPCRKVCNGIGIGEFKDSLSINATNIKHFKNCTSISGDLHILPVA
FRGDSFTHTPPLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFENLEI IRGRTKQHGQFSLAVVSLNITSLGL
RSLKEISDGDVIISGNKNLCYANTINWKKLFGTSGQKTKIISNRGENSCKATGQVCHALCSPEGCWGPEPRDCVS
CRNVSRGRECVDKCKLLEGEPREFVENSECIQCHPECLPQAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVM
GENNTLVWKYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFMRRRHIVR
KRTLRRLLQERELVEPLTPSGEAPNQALLRILKETEFKKIKVLGSGAFGTVYKGLWIPEGEKVKIPVAIKELREA
TSPKANKEILDEAYVMASVDNPHVCRLLGICLTSTVQLITQLMPFGCLLDYVREHKDNIGSQYLLNWCVQIAKGM
NYLEDRRLVHRDLAARNVLVKTPQHVKITDFGLAKLLGAEEKEYHAEGGKVPIKWMALESILHRIYTHQSDVWSY
GVTVWELMTFGSKPYDGIPASEISSILEKGERLPQPPICTIDVYMIMVKCWMIDADSRPKFRELIIEFSKMARDP
QRYLVIQGDERMHLPSPTDSNFYRALMDEEDMDDVVDADEYLIPQQGFFSSPSTSRTPLLSSLSATSNNSTVACI
DRNGLQSCPIKEDSFLQRYSSDPTGALTEDSIDDTFLPVPEYINQSVPKRPAGSVQONPVYHNQPLNPAPSRDPHY
QDPHSTAVGNPEYLNTVQPTCVNSTFDSPARWAQKGSHQISLDNPDYQQDFFPKEAKPNGIFKGSTAENAEYLRV
APQSSEFIGA

<210>
<211>
<212>
<213>

12
1255
PRT
Homo Sapiens

<400>

MELAALCRWG
ELTYLPTNAS
DPLNNTTPVT
LTLIDTNRSR
AAGCTGPKHS
YNYLSTDVGS
IQEFAGCKKI
DLSVFONLQV
PWDQLFRNPH
VEECRVLQGL
PSGVKPDLSY
ILLVVVLGVV
RKVKVLGSGA
YVSRLLGICL
LVHRDLAARN
HQSDVWSYGV

LLLALLPPGA
LSFLQDIQEV
GASPGGLREL
ACHPCSPMCK
DCLACLHFNH
CTLVCPLHNQ
FGSLAFLPES
IRGRILHNGA
QALLHTANRP
PREYVNARHC
MPIWKFPDEE
FGILIKRRQQ
FGTVYKGIWI
TSTVQLVTQL
VLVKSPNHVK
TVWELMTFGA

ASTQVCTGTD
QGYVLIAHNQ
QLRSLTEILK
GSRCWGESSE
SGICELHCPA
EVTAEDGTQR
FDGDPASNTA
YSLTLQGLGI
EDECVGEGLA
LPCHPECQPQ
GACQPCPINC
KIRKYTMRRL
PDGENVKIPV
MPYGCLLDHV
ITDFGLARLL
KPYDGIPARE

MKLRLPASPE
VRQVPLQRLR
GGVLIQRNPQ
DCQSLTRTVC
LVTYNTDTFE
CEKCSKPCAR
PLQPEQLQVF
SWLGLRSLRE
CHQLCARGHC
NGSVTCFGPE
THSCVDLDDK
LQETELVEPL
AIKVLRENTS
RENRGRLGSQ
DIDETEYHAD
IPDLLEKGER

THLDMLRHLY
IVRGTQLFED
LCYQDTILWK
AGGCARCKGP
SMPNPEGRYT
VCYGLGMEHL
ETLEEITGYL
LGSGLALIHH
WGPGPTQCVN
ADQCVACAHY
GCPAEQRASP
TPSGAMPNQA
PKANKEILDE
DLLNWCMQIA
GGKVPIKWMA
LPQPPICTID

QGCQVVQGNL
NYALAVLDNG
DIFHKNNQLA
LPTDCCHEQC
FGASCVTACP
REVRAVTSAN
YISAWPDSLP
NTHLCFVHTV
CSQFLRGQEC
KDPPFCVARC
LTSIISAVVG
OMRILKETEL
AYVMAGVGSP
KGMSYLEDVR
LESILRRRFT
VYMIMVKCWM
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IDSECRPRFR ELVSEFSRMA RDPQRFVVIQ NEDLGPASPL DSTFYRSLLE DDDMGDLVDA
EEYLVPQQGF FCPDPAPGAG GMVHHRHRSS STRSGGGDLT LGLEPSEEEA PRSPLAPSEG
AGSDVFDGDL GMGAAKGLQS LPTHDPSPLQ RYSEDPTVPL PSETDGYVAP LTCSPQPEYV
NQPDVRPQPP SPREGPLPAA RPAGATLERP KTLSPGKNGV VKDVFAFGGA VENPEYLTPQ
GGAAPQPHPP PAFSPAFDNL YYWDQDPPER GAPPSTFKGT PTAENPEYLG LDVPV

<210> 13
<211> 1342

<212> PRT

<213> Homo Sapiens

<400>
MRANDALQVLGLLFSLARGSEVGNSQAVCPGTLNGLSVTGDAENQYQTLYKLYERCEVVMGNLEIVLTGHNADLS
FLOQWIREVTGYVLVAMNEFSTLPLPNLRVVRGTQVYDGKFAIFVMLNYNTNSSHALRQLRLTQLTEILSGGVYIE
KNDKLCHMDTIDWRDIVRDRDAEIVVKDNGRSCPPCHEVCKGRCWGPGSEDCQTLTKTICAPQCNGHCFGPNPNQ
CCHDECAGGCSGPQDTDCFACRHFNDSGACVPRCPQPLVYNKLTFQLEPNPHTKYQYGGVCVASCPHNFVVDQTS
CVRACPPDKMEVDKNGLKMCEPCGGLCPKACEGTGSGSRFQTVDSSNIDGFVNCTKILGNLDFLITGLNGDPWHK
IPALDPEKLNVFRTVREITGYLNIQSWPPHMHNFSVFSNLTTIGGRSLYNRGFSLLIMKNLNVTSLGFRSLKEIS
AGRIYISANRQLCYHHSLNWTKVLRGPTEERLDIKHNRPRRDCVAEGKVCDPLCSSGGCWGPGPGQCLSCRNYSR
GGVCVTHCNFLNGEPREFAHEAECFSCHPECQPMGGTATCNGSGSDTCAQCAHFRDGPHCVSSCPHGVLGAKGPI
YKYPDVQNECRPCHENCTQGCKGPELQDCLGOTLVLIGKTHLTMALTVIAGLVVIFMMLGGTFLYWRGRRIQNKR
AMRRYLERGESIEPLDPSEKANKVLARIFKETELRKLKVLGSGVFGTVHKGVWIPEGESIKIPVCIKVIEDKSGR
QSFQAVTDHMLAIGSLDHAHIVRLLGLCPGSSLQLVTQYLPLGSLLDHVRQHRGALGPQLLLNWGVQIAKGMYYL
EEHGMVHRNLAARNVLLKSPSQVQVADFGVADLLPPDDKQLLYSEAKTPIKWMALESIHFGKYTHQSDVWSYGVT
VWELMTFGAEPYAGLRLAEVPDLLEKGERLAQPQICTIDVYMVMVKCWMIDENIRPTFKELANEFTRMARDPPRY
LVIKRESGPGIAPGPEPHGLTNKKLEEVELEPELDLDLDLEAEEDNLATTTLGSALSLPVGTLNRPRGSQSLLSP
SSGYMPMNQGNLGGSCQESAVSGSSERCPRPVSLHPMPRGCLASESSEGHVTGSEAELQEKVSMCRSRSRSRSPR
PRGDSAYHSQRHSLLTPVTPLSPPGLEEEDVNGYVMPDTHLKGTPSSREGTLSSVGLSSVLGTEEEDEDEEYEYM
NRRRRHSPPHPPRPSSLEELGYEYMDVGSDLSASLGSTQSCPLHEPVPIMPTAGTTPDEDYEYMNRQRDGGGPGGD
YAAMGACPASEQGYEEMRAFQGPGHQAPHVHYARLKTLRSLEATDSAFDNPDYWHSRLFPKANAQRT

<210> 14
<211> 1308

<212> PRT

<213> Homo Sapiens

<400>
MKPATGLWVWVSLLVAAGTVQPSDSQSVCAGTENKLSSLSDLEQQYRALRKYYENCEVVMGNLEITSIEHNRDLS
FLRSVREVTGYVLVALNQFRYLPLENLRIIRGTKLYEDRYALAIFLNYRKDGNFGLQELGLKNLTEILNGGVYVD
QONKFLCYADTIHWQDIVRNPWPSNLTLVSTNGSSGCGRCHKSCTGRCWGPTENHCQTLTRTVCAEQCDGRCYGPY
VSDCCHRECAGGCSGPKDTDCFACMNFNDSGACVTQCPQTFVYNPTTFQLEHNFNAKYTYGAFCVKKCPHNFVVD
SSSCVRACPSSKMEVEENGIKMCKPCTDICPKACDGIGTGSLMSAQTVDSSNIDKFINCTKINGNLIFLVTGIHG
DPYNAIEAIDPEKLNVFRTVREITGFLNIQSWPPNMTDFSVFSNLVTIGGRVLYSGLSLLILKQQGITSLQFQSL
KEISAGNIYITDNSNLCYYHTINWTTLFSTINQRIVIRDNRKAENCTAEGMVCNHLCSSDGCWGPGPDQCLSCRR
FSRGRICIESCNLYDGEFREFENGSICVECDPQCEKMEDGLLTCHGPGPDNCTKCSHFKDGPNCVEKCPDGLQGA
NSFIFKYADPDRECHPCHPNCTQGCNGPTSHDCIYYPWTGHSTLPQHARTPLIAAGVIGGLFILVIVGLTFAVYV
RRKSIKKKRALRRFLETELVEPLTPSGTAPNQAQLRILKETELKRVKVLGSGAFGTVYKGIWVPEGETVKIPVAIL
KILNETTGPKANVEFMDEALIMASMDHPHLVRLLGVCLSPTIQLVTQLMPHGCLLEYVHEHKDNIGSQLLLNWCV
QIAKGMMYLEERRLVHRDLAARNVLVKSPNHVKITDFGLARLLEGDEKEYNADGGKMPIKWMALECIHYRKFTHQ
SDVWSYGVTIWELMTFGGKPYDGIPTREIPDLLEKGERLPQPPICTIDVYMVMVKCWMIDADSRPKFKELAAEFS
RMARDPQRYLVIQGDDRMKLPSPNDSKFFQNLLDEEDLEDMMDAEEYLVPQAFNIPPPIYTSRARIDSNRSEIGH
SPPPAYTPMSGNQFVYRDGGFAAEQGVSVPYRAPTSTIPEAPVAQGATAEIFDDSCCNGTLRKPVAPHVQEDSST
QRYSADPTVFAPERSPRGELDEEGYMTPMRDKPKQEYLNPVEENPFVSRRKNGDLQALDNPEYHNASNGPPKAED
EYVNEPLYLNTFANTLGKAEYLKNNILSMPEKAKKAFDNPDYWNHSLPPRSTLOQHPDYLQEYSTKYFYKQNGRIR
PIVAENPEYLSEFSLKPGTVLPPPPYRHRNTVV

<210> 15
<211> 595

<212> PRT

<213> Homo Sapiens
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<400>
MTMTLHTKASGMALLHQIQGNELEPLNRPQLKIPLERPLGEVYLDSSKPAVYNYPEGAAYEFNAAAAANAQVYGQ
TGLPYGPGSEAAAFGSNGLGGFPPLNSVSPSPLMLLHPPPOLSPFLQPHGQQVPYYLENEPSGYTVREAGPPAFY
RPNSDNRRQGGRERLASTNDKGSMAMESAKETRYCAVCNDYASGYHYGVWSCEGCKAFFKRSIQGHNDYMCPATN
QCTIDKNRRKSCQACRLRKCYEVGMMKGGIRKDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANLWPSPLMIKR
SKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMINWAKRVPGFVDLTLHDQ
VHLLECAWLEILMIGLVWRSMEHPVKLLFAPNLLLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKS
ITLLNSGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQOQHQRLAQLLLILSHIRHMSNKGMEHL
YSMKCKNVVPLYDLLLEMLDAHRLHAPTSRGGASVEETDQSHLATAGSTSSHSLOKYYITGEAEGFPATV

<210> 16
<211> 820

<212> PRT

<213> Homo Sapiens

<400>
MWSWKCLLFWAVLVTATLCTARPSPTLPEQAQPWGAPVEVESFLVHPGDLLQLRCRLRDDVQSINWLRDGVQLAE
SNRTRITGEEVEVQDSVPADSGLYACVTSSPSGSDTTYFSVNVSDALPSSEDDDDDDDSSSEEKETDNTKPNPVA
PYWTSPEKMEKKLHAVPAAKTVKFKCPSSGTPNPTLRWLKNGKEFKPDHRIGGYKVRYATWSIIMDSVVPSDKGN
YTCIVENEYGSINHTYQLDVVERSPHRPILQAGLPANKTVALGSNVEFMCKVYSDPQPHIQWLKHIEVNGSKIGP
DNLPYVQILKTAGVNTTDKEMEVLHLRNVSFEDAGEYTCLAGNSIGLSHHSAWLTVLEALEERPAVMTSPLYLEI
IIYCTGAFLISCMVGSVIVYKMKSGTKKSDFHSQMAVHKLAKSIPLRRQVTVSADSSASMNSGVLLVRPSRLSSS
GTPMLAGVSEYELPEDPRWELPRDRLVLGKPLGEGCFGQVVLAEAIGLDKDKPNRVTKVAVKMLKSDATEKDLSD
LISEMEMMKMIGKHKNIINLLGACTQDGPLYVIVEYASKGNLREYLQARRPPGLEYCYNPSHNPEEQLSSKDLVS
CAYQVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHIDYYKKTTNGRLPVKWMAPEALFDRIY
THQSDVWSFGVLLWEIFTLGGSPYPGVPVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSQRPTFKQLVE
DLDRIVALTSNQEYLDLSMPLDQYSPSFPDTRSSTCSSGEDSVFSHEPLPEEPCLPRHPAQLANGGLKRR

<210> 17
<211> 147

<212> PRT

<213> Homo Sapiens

<400>
MSFRFGQHLIKPSVVFLKTELSFALVNRKPVVPGHVLVCPLRPVERFHDLRPDEVADLFQTTQRVGTVVEKHFHG
TSLTFSMQDGPEAGQTVKHVHVHVLPRKAGDFHRNDSIYEELQKHDKEDFPASWRSEEEMAAEAAALRVYFQ

<210> 18
<211> 444

<212> PRT

<213> Homo Sapiens

<400>
MEVTADQPRWVSHHHPAVLNGQHPDTHHPGLSHSYMDAAQYPLPEEVDVLFNIDGQGNHV
PPYYGNSVRATVQRYPPTHHGSQVCRPPLLHGSLPWLDGGKALGSHHTASPWNLSPFSKT
SIHHGSPGPLSVYPPASSSSLSGGHASPHLFTFPPTPPKDVSPDPSLSTPGSAGSARQDE
KECLKYQVPLPDSMKLESSHSRGSMTALGGASSSTHHPITTYPPYVPEYSSGLFPPSSLL
GGSPTGFGCKSRPKARSSTEGRECVNCGATSTPLWRRDGTGHYLCNACGLYHKMNGQNRP
LIKPKRRLSAARRAGTSCANCQTTTTTLWRRNANGDPVCNACGLYYKLHNINRPLTMKKE
GIQTRNRKMSSKSKKCKKVHDSLEDFPKNSSFNPAALSRHMSSLSHISPFSHSSHMLTTP
TPMHPPSSLSFGPHHPSSMVTAMG

<210> 19
<211> 3256

<212> PRT

<213> Homo Sapiens

<400>

MWPTRRLVTIKRSGVDGPHFPLSLSTCLFGRGIECDIRIQLPVVSKQHCKIEIHEQEATL
HNFSSTNPTQVNGSVIDEPVRLKHGDVITIIDRSFRYENESLQNGRKSTEFPRKIREQEP
ARRVSRSSFSSDPDEKAQDSKAYSKITEGKVSGNPQVHIKNVKEDSTADDSKDSVAQGTT
NVHSSEHAGRNGRNAADPISGDFKEISSVKLVSRYGELKSVPTTQCLDNSKKNESPFWKL
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YESVKKELDVKSQKENVLQYCRKSGLQTDYATEKESADGLQGETQLLVSRKSRPKSGGSG
HAVAEPASPEQELDQNKGKGRDVESVQTPSKAVGASFPLYEPAKMKTPVQYSQQONSPQK
HKNKDLYTTGRRESVNLGKSEGFKAGDKTLTPRKLSTRNRTPAKVEDAADSATKPENLSS
KTRGSIPTDVEVLPTETEIHNEPFLTLWLTQVERKIQKDSLSKPEKLGTTAGQMCSGLPG
LSSVDINNFGDSINESEGIPLKRRRVSFGGHLRPELFDENLPPNTPLKRGEAPTKRKSLV
MHTPPVLKKIIKEQPQPSGKQESGSEIHVEVKAQSLVISPPAPSPRKTPVASDQRRRSCK
TAPASSSKSQTEVPKRGGERVATCLQKRVSISRSQHDILQMICSKRRSGASEANLIVAKS
WADVVKLGAKQTQTKVIKHGPQRSMNKRQRRPATPKKPVGEVHSQFSTGHANSPCTIIIG
KAHTEKVHVPARPYRVLNNFISNQKMDFKEDLSGIAEMFKTPVKEQPQLTSTCHIAISNS
ENLLGKQFQGTDSGEEPLLPTSESFGGNVFFSAQNAAKQPSDKCSASPPLRRQCIRENGN
VAKTPRNTYKMTSLETKTSDTETEPSKTVSTVNRSGRSTEFRNIQKLPVESKSEETNTEI
VECILKRGQKATLLQQRREGEMKEIERPFETYKENIELKENDEKMKAMKRSRTWGQKCAP
MSDLTDLKSLPDTELMKDTARGONLLQTQODHAKAPKSEKGKITKMPCQSLQPEPINTPTH
TKQQLKASLGKVGVKEELLAVGKFTRTSGETTHTHREPAGDGKSIRTFKESPKQILDPAA
RVTGMKKWPRTPKEEAQSLEDLAGFKELFQTPGPSEESMTDEKTTKIACKSPPPESVDTP
TSTKQWPKRSLRKADVEEEFLALRKLTPSAGKAMLTPKPAGGDEKDIKAFMGTPVQKLDL
AGTLPGSKRQLQTPKEKAQALEDLAGFKELFQTPGHTEELVAAGKTTKIPCDSPQSDPVD
TPTSTKQRPKRSIRKADVEGELLACRNLMPSAGKAMHTPKPSVGEEKDIIIFVGTPVQKL
DLTENLTGSKRRPQTPKEEAQALEDLTGFKELFQTPGHTEEAVAAGKTTKMPCESSPPES
ADTPTSTRRQPKTPLEKRDVQKELSALKKLTQTSGETTHTDKVPGGEDKSINAFRETAKQ
KLDPAASVTGSKRHPKTKEKAQPLEDLAGWKELFQTPVCTDKPTTHEKTTKIACRSQPDP
VDTPTSSKPQSKRSLRKVDVEEEFFALRKRTPSAGKAMHTPKPAVSGEKNIYAFMGTPVQ
KLDLTENLTGSKRRLQTPKEKAQALEDLAGFKELFQTRGHTEESMTNDKTAKVACKSSQP
DLDKNPASSKRRLKTSLGKVGVKEELLAVGKLTQTSGETTHTHTEPTGDGKSMKAFMESP
KQILDSAASLTGSKRQLRTPKGKSEVPEDLAGFIELFQTPSHTKESMTNEKTTKVSYRAS
QPDLVDTPTSSKPQPKRSLRKADTEEEFLAFRKQTPSAGKAMHTPKPAVGEEKDINTFLG
TPVQKLDQPGNLPGSNRRLOQTRKEKAQALEELTGFRELFQTPCTDNPTADEKTTKKILCK
SPQSDPADTPTNTKQRPKRSLKKADVEEEFLAFRKLTPSAGKAMHTPKAAVGEEKDINTF
VGTPVEKLDLLGNLPGSKRRPQTPKEKAKALEDLAGFKELFQTPGHTEESMTDDKITEVS
CKSPQPDPVKTPTSSKQRLKISLGKVGVKEEVLPVGKLTQTSGKTTQTHRETAGDGKSIK
AFKESAKQMLDPANYGTGMERWPRTPKEEAQSLEDLAGFKELFQTPDHTEESTTDDKTTK
IACKSPPPESMDTPTSTRRRPKTPLGKRDIVEELSALKQLTQTTHTDKVPGDEDKGINVF
RETAKQKLDPAASVTGSKRQPRTPKGKAQPLEDLAGLKELFQTPVCTDKPTTHEKTTKIA
CRSPQPDPVGTPTIFKPQSKRSLRKADVEEESLALRKRTPSVGKAMDTPKPAGGDEKDMK
AFMGTPVQKLDLPGNLPGSKRWPQTPKEKAQALEDLAGFKELFQTPGTDKPTTDEKTTKI
ACKSPQPDPVDTPASTKQRPKRNLRKADVEEEFLALRKRTPSAGKAMDTPKPAVSDEKNI
NTFVETPVQKLDLLGNLPGSKRQPQTPKEKAEALEDLVGFKELFQTPGHTEESMTDDKIT
EVSCKSPQPESFKTSRSSKQRLKIPLVKVDMKEEPLAVSKLTRTSGETTQTHTEPTGDSK
SIKAFKESPKQILDPAASVTGSRRQLRTRKEKARALEDLVDFKELFSAPGHTEESMTIDK
NTKIPCKSPPPELTDTATSTKRCPKTRPRKEVKEELSAVERLTQTSGQSTHTHKEPASGD
EGIKVLKQRAKKKPNPVEEEPSRRRPRAPKEKAQPLEDLAGFTELSETSGHTQESLTAGK
ATKIPCESPPLEVVDTTASTKRHLRTRVQKVQVKEEPSAVKFTQTSGETTDADKEPAGED
KGIKALKESAKQTPAPAASVTGSRRRPRAPRESAQAIEDLAGFKDPAAGHTEESMTDDKT
TKIPCKSSPELEDTATSSKRRPRTRAQKVEVKEELLAVGKLTQTSGETTHTDKEPVGEGK
GTKAFKQPAKRNVDAEDVIGSRRQPRAPKEKAQPLEDLASFQELSQTPGHTEELANGAAD
SFTSAPKQTPDSGKPLKISRRVLRAPKVEPVGDVVSTRDPVKSQSKSNTSLPPLPFKRGG
GKDGSVTGTKRLRCMPAPEEIVEELPASKKQRVAPRARGKSSEPVVIMKRSLRTSAKRIE
PAEELNSNDMKTNKEEHKLQDSVPENKGISLRSRRQDKTEAEQQITEVFVLAERIEINRN
EKKPMKTSPEMDIQNPDDGARKPIPRDKVTENKRCLRSARQNESSQPKVAEESGGQKSAK
VLMQNQKGKGEAGNSDSMCLRSRKTKSQPAASTLESKSVQRVTRSVKRCAENPKKAEDNV
CVKKITTRSHRDSEDI

<210> 20
<211> 1255

<212> PRT

<213> Homo Sapiens

<400>

MTPGTQSPFFLLLLLTVLTVVTGSGHASSTPGGEKETSATQRSSVPSSTEKNAVSMTSSVLSSHSPGSGSSTTQG
QDVTLAPATEPASGSAATWGQDVTSVPVTRPALGSTTPPAHDVTSAPDNKPAPGSTAPPAHGVTSAPDTRPAPGS
TAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTR
PAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTS
APDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPA
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HGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGS
TAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTR
PAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTS
APDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPA
HGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGS
TAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTR
PAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTS
APDTRPAPGSTAPPAHGVTSAPDTRPAPGSTAPPAHGVTSAPDNRPALGSTAPPVHNVTSASGSASGSASTLVHEN
GTSARATTTPASKSTPFSIPSHHSDTPTTLASHSTKTDASSTHHSSVPPLTSSNHSTSPQLSTGVSFFFLSFHIS
NLQFNSSLEDPSTDYYQELQRDISEMFLQIYKQGGFLGLSNIKFRPGSVVVQLTLAFREGTINVHDVETQFNQYK
TEAASRYNLTISDVSVSDVPFPFSAQSGAGVPGWGIALLVLVCVLVALAIVYLIALAVCQCRRKNYGQLDIFPAR

DTYHPMSEYPTYHTHGRYVPPSSTDRSPYEKVSAGNGGSSLSYTNPAVAAASANL

<210>
<211>
<212>
<213>

393
PRT
Homo

<400>

MEEPQSDPSV
DEAPRMPEAA
SVTCTYSPAL
RCSDSDGLAP
SCMGGMNRRP
PGSTKRALPN
GSRAHSSHLK

<210>
<211>
<212>
<213>

829
PRT
Homo

<400>

MGLPRGPLAS
QEPALFSTDN
KGPFPQRLNQ
YELFGHAVSE
DEDDAIYTYN
TDMDGDGSTT
AWRATYLIMG
PTSTATIVVH
DPAGWLAMDP
VNDHGPVPEP
TVVLSLKKFL
GAVLALLFLL
GLEARPEVVL
DYEGSGSDAA

<210>
<211>
<212>
<213>

933
PRT
Homo

<400>

21

Sapiens

EPPLSQETFS
PPVAPAPAAP
NKMFCQLAKT
PQHLIRVEGN
ILTIITLEDS
NTSSSPQPKK
SKKGQSTSRH

22

Sapiens

LLLLQVCWLQ
DDFTVRNGET
LKSNKDRDTK
NGASVEDPMN
GVVAYSIHSQ
TAVAVVEILD
GDDGDHFTIT
VEDVNEAPVF
DSGQVTAVGT
RQITICNQSP
KQDTYDVHLS
LVLLLLVRKK
RNDVAPTIIP
SLSSLTSSAS

23

Sapiens

DLWKLLPENN
TPAAPAPAPS
CPVQLWVDST
LRVEYLDDRN
SGNLLGRNSF
KPLDGEYFTL
KKLMFKTEGP

CAASEPCRAV
VQERRSLKER
IFYSITGPGA
ISIIVTDQND
EPKDPHDLMF
ANDNAPMFDP
THPESNQGIL
VPPSKVVEVQ
LDREDEQFVR
VRHVLNITDK
LSDHGNKEQL
RKIKEPLLLP
TPMYRPRPAN
DQDQDYDYLN

VLSPLPSQAM
WPLSSSVPSQ
PPPGTRVRAM
TFRHSVVVPY
EVRVCACPGR
QIRGRERFEM
DSD393

FREAEVTLEA
NPLKIFPSKR
DSPPEGVFAV
HKPKFTQDTF
TIHRSTGTIS
QKYEAHVPEN
TTRKGLDFEA
EGIPTGEPVC
NNIYEVMVLA
DLSPHTSPFQ
TVIRATVCDC
EDDTRDNVFY
PDEIGNFIIE
EWGSRFKKLA

DDLMLSPDDI
KTYQGSYGFR
AIYKQSQHMT
EPPEVGSDCT
DRRTEEENLR
FRELNEALEL

GGAEQEPGQA
ILRRHKRDWV
EKETGWLLLN
RGSVLEGVLP
VISSGLDREK
AVGHEVQRLT
KNQHTLYVEV
VYTAEDPDKE
MDNGSPPTTG
AQLTDDSDIY
HGHVETCPGP
YGEEGGGEED
NLKAANTDPT
DMYGGGEDD

EQWFTEDPGP
LGFLHSGTAK
EVVRRCPHHE
TIHYNYMCNS
KKGEPHHELP
KDAQAGKEPG

LGKVFMGCPG
VAPISVPENG
KPLDREEIAK
GTSVMQVTAT
VPEYTLTIQA
VTDLDAPNSP
TNEAPFVLKL
NQKISYRILR
TGTLLLTLID
WTAEVNEEGD
WKGGFILPVL
QDYDITQLHR
APPYDTLLVF

60
120
180
240
300
360

MTELKAKGPRAPHVAGGPPSPEVGSPLLCRPAAGPFPGSQTSDTLPEVSAIPISLDGLLFPRPCQGQDPSDEKTQ
DQQSLSDVEGAYSRAEATRGAGGSSSSPPEKDSGLLDSVLDTLLAPSGPGQSQPSPPACEVTSSWCLFGPELPED
PPAAPATQRVLSPLMSRSGCKVGDSSGTAAAHKVLPRGLSPARQLLLPASESPHWSGAPVKPSPQAAAVEVEEED
GSESEESAGPLLKGKPRALGGAAAGGGAAAVPPGAAAGGVALVPKEDSRFSAPRVALVEQDAPMAPGRSPLATTV
MDFIHVPILPLNHALLAARTRQLLEDESYDGGAGAASAFAPPRSSPCASSTPVAVGDFPDCAYPPDAEPKDDAYP
LYSDFQPPALKIKEEEEGAEASARSPRSYLVAGANPAAFPDFPLGPPPPLPPRATPSRPGEAAVTAAPASASVSS
ASSSGSTLECILYKAEGAPPQOGPFAPPPCKAPGASGCLLPRDGLPSTSASAAAAGAAPALYPALGLNGLPQLGY
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QAAVLKEGLPQVYPPYLNYLRPDSEASQSPQYSFESLPQKICLICGDEASGCHYGVLTCGSCKVFFKRAMEGQHN
YLCAGRNDCIVDKIRRKNCPACRLRKCCQAGMVLGGRKFKKFNKVRVVRALDAVALPQPVGVPNESQALSQRFTF
SPGQDIQLIPPLINLLMSIEPDVIYAGHDNTKPDTSSSLLTSLNQLGERQLLSVVKWSKSLPGFRNLHIDDQITL
IQYSWMSLMVFGLGWRSYKHVSGOMLYFAPDLILNEQRMKESSFYSLCLTMWQIPQEFVKLQVSQEEFLCMKVLL
LLNTIPLEGLRSQTQFEEMRSSYIRELIKAIGLRQKGVVSSSQRFYQLTKLLDNLHDLVKQLHLYCLNTFIQSRA
LSVEFPEMMSEVIAAQLPKILAGMVKPLLFHKK

<210> 24
<211> 805

<212> PRT

<213> Homo Sapiens

<400>
MAFSPWQILSPVQWAKWIWSAVRGGAAGEDEAGGPEGDPEEEDSQAETKSLSFSSDSEGNFETPEAETPIRSPFK
ESCDPSLGLAGPGAKSQESQEADEQLVAEVVEKCSSKTCSKPSENEVPQQAIDSHSVKNFREEPEHDFSKISIVR
PFSIETKDSTDISAVLGTKAAHGCVTAVSGKALPSSPPDALQDEAMTEGSMGVTLEASAEADLKAGNSCPELVPS
RRSKLRKPKPVPLRKKAIGGEFSDTNAAVEGTPLPKASYHFSPEELDENTSPLLGDARFQKSPPDIKETPGTLSS
DTNDSGVELGEESRSSPLKLEFDFTEDTGNIEARKALPRKLGRKLGSTLTPKIQKDGISKSAGLEQPTDPVARDG
PLSQTSSKPDPSQWESPSFNPFGSHSVLONSPPLSSEGSYHFDPDNFDESMDPFKPTTTLTSSDFCSPTGNHVNE
ILESPKKAKSRLITSGCKVKKHETQSLALDACSRDEGAVISQISDISNRDGHATDEEKLASTSCGQKSAGAEVKG
EPEEDLEYFECSNVPVSTINHAFSSSEAGIEKETCQKMEEDGSTVLGLLESSAEKAPVSVSCGGESPLDGICLSE
SDKTAVLTLIREEIITKEIEANEWKKKYEETRQEVLEMRKIVAEYEKTIAQMIEDEQRTSMTSQKSFQQLTMEKE
QALADLNSVERSLSDLFRRYENLKGVLEGFKKNEEALKKCAQDYLARVKQEEQRYQALKIHAEEKLDKANEEIAQ
VRTKAKAESAALHAGLRKEQMKVESLERALQQKNQEIEELTKICDELIAKLGKTD

<210> 25
<211> 1026

<212> PRT

<213> Homo Sapiens

<400>
MGGSQSLQPAPASDLNLEASEAMSSDSEEAFETPESTTPVKAPPAPPPPPPEVIPEPEVSTQPPPEEPGCGSETV
PVPDGPRSDSVEGSPFRPPSHSFSAVFDEDKPIASSGTYNLDFDNIELVDTFQTLEPRASDAKNQEGKVNTRRKS
TDSVPISKSTLSRSLSLOASDFDGASSSGNPEAVALAPDAYSTGSSSASSTLKRTKKPRPPSLKKKQTTKKPTET
PPVKETQQEPDEESLVPSGENLASETKTESAKTEGPSPALLEETPLEPAVGPKAACPLDSESAEGVVPPASGGGR
VONSPPVGRKTLPLTTAPEAGEVTPSDSGGQEDSPAKGLSVRLEFDYSEDKSSWDNQOQENPPPTKKIGKKPVAKM
PLRRPKMKKTPEKLDNTPASPPRSPAEPNDIPIAKGTYTFDIDKWDDPNFNPFSSTSKMQESPKLPQQSYNFDPD
TCDESVDPFKTSSKTPSSPSKSPASFEIPASAMEANGVDGDGLNKPAKKKKTPLKTDTFRVKKSPKRSPLSDPPS
QDPTPAATPETPPVISAVVHATDEEKLAVTNQKWTCMTVDLEADKQDYPQPSDLSTFVNETKFSSPTEELDYRNS
YEIEYMEKIGSSLPQDDDAPKKQALYLMFDTSQESPVKSSPVRMSESPTPCSGSSFEETEALVNTAAKNQHPVPR
GLAPNQESHLQVPEKSSQKELEAMGLGTPSEAIEITAPEGSFASADALLSRLAHPVSLCGALDYLEPDLAEKNPP
LFAQKLQEELEFAIMRIEALKLARQIALASRSHQDAKREAAHPTDVSISKTALYSRIGTAEVEKPAGLLFQQPDL
DSALQIARAEIITKEREVSEWKDKYEESRREVMEMRKIVAEYEKTIAQMIEDEQREKSVSHQTVQQLVLEKEQAL
ADLNSVEKSLADLFRRYEKMKEVLEGFRKNEEVLKRCAQEYLSRVKKEEQRYQATLKVHAEEKLDRANAEIAQVRG
KAQQEQAAHQASLRKEQLRVDALERTLEQKNKEIEELTKICDELIAKMGKS

<210 26

<211> 838

<212> PRT

<213> Homo Sapiens

<400>

MSLQVLNDKNVSNEKNTENCDFLFSPPEVTGRSSVLRVSQKENVPPKNLAKAMKVTFQTPLRDPQTHRILSPSMA
SKLEAPFTQDDTLGLENSHPVWTQKENQQLIKEVDAKTTHGILQKPVEADTDLLGDASPAFGSGSSSESGPGALA
DLDCSSSSQSPGSSENQMVSPGKVSGSPEQAVEENLSSYSLDRRVTPASETLEDPCRTESQHKAETPHGAEEECK
AETPHGAEEECRHGGVCAPAAVATSPPGAIPKEACGGAPLQGLPGEALGCPAGVGTPVPADGTQTLTCAHTSAPE
STAPTNHLVAGRAMTLSPQEEVAAGQMASSSRSGPVKLEFDVSDGATSKRAPPPRRLGERSGLKPPLRKAAVRQQ
KAPQEVEEDDGRSGAGEDPPMPASRGSYHLDWDKMDDPNF IPFGGDTKSGCSEAQPPESPETRLGQPAAEQLHAG
PATEEPGPCLSQQLHSASAEDTPVVQLAAETPTAESKERALNSASTSLPTSCPGSEPVPTHQQGQPALELKEESF
RDPAEVLGTGAEVDYLEQFGTSSFKESALRKQSLYLKFDPLLRDSPGRPVPVATETSSMHGANETPSGRPREAKL
VEFDFLGALDIPVPGPPPGVPAPGGPPLSTGPIVDLLQYSQKDLDAVVKATQEENRELRSRCEELHGKNLELGKI
MDRFEEVVYQAMEEVQKQKELSKAEIQKVLKEKDQLTTDLNSMEKSFSDLFKRFEKQKEVIEGYRKNEESLKKCV
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EDYLARITQEGQRYQALKAHAEEKLQLANEEIAQVRSKAQAEALALQASLRKEQMRIQSLEKTVEQKTKENEELT
RICDDLISKMEKI

<210> 27
<211> 564

<212> PRT

<213> Homo Sapiens

<400>

MASTSTTIRSHSSSRRGFSANSARLPGVSRSGFSSVSVSRSRGSGGLGGA
CGGAGFGSRSLYGLGGSKRISIGGGSCAISGGYGSRAGGSYGFGGAGSGF
GFGGGAGIGFGLGGGAGLAGGFGGPGFPVCPPGGIQEVTVNQSLLTPLNL
QIDPTIQRVRAEEREQIKTLNNKFASFIDKVRFLEQONKVLETKWTLLQE
QGTKTVRONLEPLFEQYINNLRRQLDSIVGERGRLDSELRGMQDLVEDFK
NKYEDEINKRTAAENEFVTLKKDVDAAYMNKVELQAKADTLTDEINFLRA
LYDAELSQMQTHISDTSVVLSMDNNRNLDLDSITAEVKAQYEETIAQRSRA
EAESWYQTKYEELQVTAGRHGDDLRNTKQEIAEINRMIQRLRSEIDHVKK
QCANLQAATIADAEQRGEMALKDAKNKLEGLEDALQKAKQDLARLLKEYQE
LMNVKLALDVEIATYRKLLEGEECRLNGEGVGQVNISVVQSTVSSGYGGA
SGVGSGLGLGGGSSYSYGSGLGVGGGFSSSSGRAIGGGLSSVGGGSSTIK

YTTTSSSSRKSYKH
<210> 28
<211> 430
<212> PRT

<213> Homo Sapiens

<400>
MSFTTRSTFSTNYRSLGSVQAPSYGARPVSSAASVYAGAGGSGSRISVSRSTSFRGGMGSGGLATGIAGGLAGMG
GIQNEKETMQSLNDRLASYLDRVRSLETENRRLESKIREHLEKKGPQVRDWSHYFKIIEDLRAQIFANTVDNARI
VLOIDNARLAADDFRVKYETELAMRQSVENDIHGLRKVIDDTNITRLQLETEIEALKEELLFMKKNHEEEVKGLQ
AQIASSGLTVEVDAPKSQDLAKIMADIRAQYDELARKNREELDKYWSQQIEESTTVVTTQSAEVGAAETTLTELR
RTVQSLEIDLDSMRNLKASLENSLREVEARYALQMEQLNGILLHLESELAQTRAEGQRQAQEYEALLNIKVKLEA
EIATYRRLLEDGEDFNLGDALDSSNSMQTIQKTTTRRIVDGKVVSETNDTKVLRH

<210> 29

<211> 498

<212> PRT

<213> Homo Sapiens

<400>
1 mtvflsfafl aailthigcs ngrrspensg rrynrighgq caytfilpeh dgncresttd
61 gyntnalqgrd aphvepdfss gklghlehvm enytqwlgkl enyivenmks emagiggnav
121 gnhtatmlei gtsllsqtae gtrkltdvet gvlngtsrle igllenslst yklekqllqq
181 tneilkihek nsllehkile megkhkeeld tlkeekenlqg glvtrqtyii gelekglnra
241 ttnnsvlgkq glelmdtvhn lvnlctkegv llkggkreee kpfrdcadvy gagfnksgiy
301 tiyinnmpep kkvfcnmdvn gggwtvighr edgsldfqrg wkeykmgfgn psgeywlgne
361 fifaitsqrq ymlrielmdw egnraysqyd rfhignekqn yrlylkghtg tagkgsslil
421 hgadfstkda dndncmckca lmltggwwfd acgpsnlngm fytaggnhgk lngikwhyfk
481 gpsyslrstt mmirpldf

<210> 30

<211> 344

<212> PRT

<213> Homo Sapiens

<400>
1 magkensypw pygrgtapsg lstlpgrvlr kepvtpsalv lmsrsnvgpt aapggkvmen
61 ssgtpdiltr hftiddfeig rplgkgkfgn vylarekksh fivalkvlfk sgiekegveh
121 glrreieiqga hlhhpnilrl ynyfydrrri ylileyaprg elykelgksc tfdeqrtati
181 meeladalmy chgkkvihrd ikpenlllgl kgelkiadfg wsvhapslrr ktmcgtldyl
241 ppemiegrmh nekvdlwcig vlcyellvgn ppfesashne tyrrivkvdl kfpasvptga
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301 gdliskllrh npserlplaq

<210>
<211>
<212>
<213>

31
655
PRT

<400>

1
61
121
181
241
301
361
421
481
541
601

<210>
<211>
<212>
<213>

msssnvevfi
keilsningi
sgyvvgddvv
qfirgvsgge
sihgprysif
dstavalnre
itvfkeisyt
tgignragvl
mrmlpsiift
mticfvfmmi
npcnyatctg

32
412
PRT

<400>

1
61
121
181
241
301
361

<210>
<211>
<212>
<213>

mgpssllpla
avtegpipev
hkynsdksst
eatkgpgitf
pggelmlggt
mvgpvdevre
agktlclsgf

33
750
PRT

<400>

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

<210>
<211>
<212>
<213>

mgksesqmdi
dciksaarli
vlgepktedi
swtaekaiagq
actayvdfmi
nkmrlagign
kysardlgnl
navgrlyvea
gypddivsnd
vvnafyssgr
gdlvdwwtqg
ayqgnyikkng
gtlgnsaefs

34
493
PRT

Homo Sapiens

pvsggntngf
mkpglnailg
mgtltvrenl
rkrtsigmel
klfdsltlla
edfkateiie
tsfchqlrwv
fflttngcfs
civyfmlglk
fsgllvnltt
eeylvkggid

Homo Sapiens

lcllaapasa
lknymdaqyy
yvkngtsfdi
iaakfdgilg
dskyykgsls
lgkaigavpl
mgmdipppsg

Homo Sapiens

tdintpkpkk
gnmdattepc
vavgkakaly
Inskygkkvl
svarlirgee
nfsleingkp
mswrfimdlv
afageskhvv
nklnneylel
nqgivfpagil
sasnfkeqgsq
eekllpgldl
eafhcrknsy

Homo Sapiens

11/17

vsahpwvran

patvsndlka
ptgggkssll
dfsaalrlat
itdpsilsld
sgrlmfhgpa
pskgdkplie
skrsfknllg
svsavelfvv
pkadaffvmm
iaswlswlqgy
lspwglwknh

lvriplhkft
geigigtppq
hygsgslsgy
mayprisvnn
ylnvtrkayw
iggeymipce
plwilgdvfi

kgrwtrleis
rdffkyacgg
rscinesaid
inlfvgtddk
rlpidengla
fswlnftnei
sslsrtykes
edliagirev
nykedeyfen
gppffsaqgs
cmvyqgygnfs
nhkqglfflnf
mnpekkcrvw

srrvlppsal

ftegavlsfth
dvlaarkdps
tmtnhekner
epttgldsst
gealgyfesa
klaeiyvnss
npgasiaqgii
ekklfiheyi
ftlmmvaysa
fsiprygfta
valacmivif

sirrtmsevg
cftvvidtgs
lsgdtvsvpc
vlipvidnlmg
gvhldgveva
kvstlpaitl
gryytvfdrd

lsvlvlllti
wlkrnvipet
srggepllkl
nsvnhvihid
lemnkvmele
mstvnisitn
rnafrkalyg
figtlddltw
iignlkfsgs
nslnyggigm
wdlaggghln
agvwcgtyrp

gsva

nicyrvklks
glsgdvling
inrvieelgl
anavllllkr
gyhceaynnp
fyketkaelh
vtvvlglvig
sgyyrvssyf
ssmalaiaag
lghneflggn
ltiaylkllf

gsvedliakg
snlwvpsihc
gsassasalg
gklvdgnifs
sgltlckegc
klggkgykls
nnrvgfaeaa

iavrmialya
ssrygnfdil
lpdiygwpva
gprlglpsrd
keianatakp
eedvvvyape
ttsetatwrr
mdaetkkrae
kglkklrekv
vigheithgf
gintlgenia
eyavnsiktd
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gflpcrkpve
aprpanfkecn
dkvadskvgt
mskqggrtiif
adffldiing
glsggekkkk
aiyfglknds
lgkllsdllp
gsvvsvatll
fcpglnatgn
1kkys

pvskysgavp
klldiacwih
gvkverqvfg
fylsrdpdagq
eaivdtgtsl
pedytlkvsqg
rl

tyddgickss
rdelevvlkd
tenwegkyga
yyectgiyke
edrndpmlly
yltklkpilt
canyvngnme
ekalaikeri
dkdewisgaa
ddngrnfnkd
dngglgqayr
vhspgnfrii
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<400>

1
61
121
181
241
301
361
421
481

<210>
<211>
<212>
<213>

mdkfwwhaaw

ptmagmekal
asappeedct
gssserssts
glvedldrtg
segsthlleg
hpsggshtth
vnsrrrcggk
trnlgnvdmk

35
472
PRT

<400>

1
61
121
181
241
301
361
421

<210>
<211>
<212>
<213>

mttcsrqgfts
gayglgggyg
nlndrlasyl
vdnanvllqgi
slkeelaylk
daeewfftkt
etkgrycmgl
gedahlsssqg

36
604
PRT

<400>

1
61
121
181
241
301
361
421
481
541
601

<210>
<211>
<212>
<213>

mlaralllca
triklflkpt
gyksweafsn
nmmfaffagh
qiidgemypp
vlkgehpewg
nriaaefntl
aggrnvppav
ygdidavely
gfgiintasi
stel

37
288
PRT

<400>

1
61
121
181
241

mvgvgggdve
gsprtrgrrt
paargsrpgp
rvdgvreksd
esnnyntyrs

<210> 38

glclvplsla
sigfetcryg
svtdlpnafd
ggyifytfst
plsmttggsn
ytshyphtke
gsesdghshg
kklvinsgng
igv

Homo Sapiens

sssmkgscgi
ggfssssssf
dkvraleean
dnarlaaddf
knheeemnal
eelnrevatn
agigemigsv
fssgsgssrd

Homo Sapiens

vlalshtanp
pntvhyilth
1syytralpp
fthqffktdh
tvkdtgaemi
deqglfgtsrl
yvhwhpllpdt
gkvsqgasidg
pallvekprp
gslicnnvkg

Homo Sapiens

dvtprpggcq
eerpsgsrlg
agtmaagsit
phiklglgae
rkytswyval

12/17

gidlnitecrf
fieghvvipr
gpititivnr
vhpipdedsp
sgsfstsheg
srtfipvtsa
sgeggantts
avedrkpsgl

gggigggssr

gsgfgggygg
adlevkirdw

rtkyetelnl
rggvggdvnv
selvgsgkse
eeqlaqlrce
vtsssrqirt

ccshpeqgnrg
fkgfwnvvnn
vpddcptplg
krgpaftngl
yppqvpehlr
iligetikiv
fgihdgkyny
srgmkygsfn
daifgetmve
cpftsfsvpd

isgraargcn
drgrgralpg
tlpalpedgg
ergvvsikgv
krtgqyklgs

agvfhvekng
ihpnsicaan
dgtryvgkge
witdstdrip
leedkdhptt
ktgsfgvtav
gpirtpqgipe
ngeasksgem

issvlaggsc
glgaglgggf
yqrgqrpaeik
rmsveading
emdaapgvdl
iselrrtmgn
meqggngeyki
kvmdvhdgkv

vemsvgfdgy
ipflrnaims
vkgkkglpds
ghgvdlnhiy
favggevfgl
iedyvghlsg
gafiynnsil
eyrkrfmlkp
vgapfslkgl
peliktvtin

gipgaaawea
grlggrgrgr
sgafppghfk
canrylamke
ktgpggkail

rysisrteaa
ntgvyiltyn
yrtnpediyp
rtnmdsshst
stltssnrnd
tvgdsnsnvn
wliilaslla
vhlvnkesse

rapstygggl
gggfaggdgl
dyspyfktie
lrrvldeltl
srilnemrdq
leielgsqls
lldvktrleq
vsthegvlrt

kecdectrtgfy
yvltsrshli
neiveklllr
getlarqrkl
vpglmmyati
yhfklkfdpe
lehgitqgfve
yesfeeltge
mgnvicspay
asssrsgldd

alprrrprrh
apervggrgr
dpkrlyckng
dgrllaskcv
flpmsaks
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dlckafnstl
tsqydtycfn
snptdddvss
tlgptanpnt
vtggrrdpnh
rslsgdqdtf
lalilavcia
tpdgfmtade

svsssrfssg
lvgsekvtmg
dlrnkiltat
aradlemgie
yekmaeknrk
mkaslensle
eiatyrrlle
kn

gencstpefl
dspptynady
rkfipdpqgs
rlfkdgkmky
wlrehnrved
llfnkgfqgyq
sftrqgiagrv
kemsaeleal
wkpstfggev
inptvllker

psvnprsraa
grgtaapraa
gfflrihpdg
tdecffferl
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<211> 442
<212> PRT
<213> Homo Sapiens

<400>

1
61
121
181
241
301
361
421

<210>
<211>
<212>
<213>

mygslamaan
sasggpsggs
aaaaaareaa
agpfdspvlh
cglyhkmngi
lhgvprplam
mrpiktepgl
sskqgdswnsl

39
826
PRT

<400>

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

<210>
<211>
<212>
<213>

megaggandk
rltisylrvr
gltgfeltgh
tmniksatwk
tflsrhsldm
ttggyrmlak
lkpvessdmk
ddggleevpl
npeslelsft
aedteaknpf
viqqtgigep
dtgsrtaspn
kmehdgslfq
rllggsmdes

40
707
PRT

<400>

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

<210>
<211>
<212>
<213>

mslwgplvlv
rgeskslgpa
itywignyse
fdgkdgllah
ysacttdgrs
acttdgrsdg
ctsegrgdgr
pmyrftegpp
ptagptgpps
rfsegrgsrp
ldklglgadv
thdvfgyrek

41
715
PRT

hgpppgayqa
pggaasgagp
ayssgggaag
slpgranpaa
nrplikpgrr
rkegigtrkr
sshyghsssv
vladshgdii

Homo Sapiens

kkisserrke
klldagdldi
svifdfthpcd
vlihctghihv
kfsycderit
rggyvwvetq
mtglftkves
yndvmlpspn
mpqiqdgtps
stqgdtdldle
tanattttat
ragkgviegt
avgigtllqq
glpgltsydc

Homo Sapiens

llvlgccfaa
1111gkglsl
dlpravidda
afppgpgiqg
dglpwcstta
yrwcattany
lwcattsnfd
lhkddvngir
agptgpptag
qagpfliadkw
agvtgalrsg
ayfcqgdrfyw

Homo Sapiens

13/17

ggpgpfmhga
gtgqgspgws
aglagreqyg
rhpnldmfdd
lsasrrvgls
kpknlnkskt
sqtfsvsams
ta

ksrdaarsrr
eddmkagmne
heemremlth
ydtnsngpgc
elmgyepeel
atviyntkns
edtsslfdkl
eklgninlam
psdgstrgss
mlapyipmdd
tdelktvtkd
ekshprspnv
pddhaattsl
evnapiqggsr

prargstlvl
petgeldsat
farafalwsa
dahfdddelw
nydtddrfgf
drdklfgfcp
sdkkwgfcpd
hlygprpepe
pstattvpls
palprkldsv
rgkmllfsgr
rvssrselng

gaasspvylp
gagatgaayt
ragfagsyss
fsegrecvnce
cancqgttttt
paapsgsesl
ghgpsihpvl

skesevfyel
fylkaldgfv
rnglvkkgke
gykkppmtcl
lgrsiyeyyh
gpgcivcvny
kkepdaltll
splptaetpk
pepnspseyc
dfqlrsfdql
rmedikilia
lsvalsqgrtt
swkrvkgcks
nllggeellr

fpgdlrtnlt
lkamrtprcg
vtpltftrvy
slgkgvvvpt
cpserlytqd
tradstvmgg
qgyslflvaa
prppttttpq
pvddacnvni
feerlskklf
rlwrfdvkaq
vdgvgyvtyd

tprvpssvlg
pppvsprisf
pypaymadvg
gamstplwrr
lwrrnaegep
ppasgassns
salklspqgy

ahglplphnv
mv1ltddgdmi
gntqrsfflr
vlicepiphp
aldsdhltkt
vvsgiiqghdl
apaagdtiis
plrssadpal
fyvdsdmvne
splesssasp
spspthihke
vpeeelnpki
seqngmegkt
aldgvn

drqglaeeyly
vpdlgrfqtf
srdadiviqgf
rfgnadgaac
gnadgkpcgf
nsagelcvfp
hefghalgld
ptapptvcpt
fdaiaeigng
ffsgrqvwvy
mvdprsasev
ilgcped
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1sylggggag
pgttgslaaa
aswaaaaaas
dgtghylcna
vcnacglymk
snattsssee
aspvsgspgt

sshldkasvm
yisdnvnkym
mkctltsrgr
snieipldsk
hhdmftkgqv
ifslqqtecv
ldfgsndtet
ngevalklep

fklelveklf

esaspgstvt
ttsatsspyr
lalgnaqgrkr
iilipsdlac

rygytrvaem
egdlkwhhhn
gvaehgdgyp
hfpfifegrs
pfifqgqgsys
ftflgkeyst
hssvpealmy
gpptvhpser
lylfkdgkyw
tgasvlgprr
drmfpgvpld
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<400>

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

maanmyrvgd
khatlsveyk
hirgkcsvtl
lkegeedgrd
saaaasrdit
ekygkdftdi
kpnpngisvn
wtywkkyggl
iarrlcreil
lethprppkp
mpsrglanhg
pkeetrkirk

<210> 42

<211> 180
<212> PRT
<213> Homo Sapiens

<400>
1 cceprgsrar fgcwrlgpef
61 frlvglkfmgq asedllkehy
121 etnpadskpg tirgdfciqgv

<210> 43

<211> 640
<212> PRT
<213> Homo Sapiens

<400>

1
61
121
181
241
301
361
421
481
541
601

mserkegrgk
seysslrfkw
dsasanitiv
kcaekektfc
krvltitgic
pppenvglvn
esilseshsv
seryvsamtt
vtpprlrekk
lansrrakrt
atpafrlads

<210> 44

<211> 645
<212> PRT
<213> Homo Sapiens

<400>

1
61
121
181
241
301
361
421
481
541

mserkegrgk
seysslrfkw
dsasanitiv
kcaekektfc
eelygkrvlt
phhpnpppen
snghtesils
rdsphseryv
rplllvtppr
epvkklansr

yvyfensssn
agpgadngee
lneteslksy
gsrletqvwe
lfhamdtlhk
qqdflpwksl
nvkagvvngt
kmptrldger
rpwhaarnpy
dpvksvssvl
gtrhmgpsrn
llsssetkra

gkgkkkergs
fkngnelnrk
esneiitgmp
vnggecfmvk
iallvvgimc
qyvsknviss
ivmssvensr
parmspvdfh
fdhhpqqfss
kpnghianrl
rtnpagrfst

gkgkkkergs
fkngnelnrk
esneiitgmp
vnggecfmvk
itgiciallv
vglvngyvsk
eshsvivmss
samttparms
lrekkfdhhp
rakrtkpngh
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pylirrieel
geieeemenp
leredfffys
ahnpltdkqi
niydiskais
tsiieyyymw
gapgqspgag
pgpnrsnmsp
lpinsaaika
ssltpakvap
111ngksypt
arrpykpial

kpkglegtma
vdlkdrpffa
grniihgsds

gkkpesaags
nkpgnikigk
astegayvss
dlsnpsrylc
vvaycktkkq
ehivereaet
hssptggprg
tpsspkspps
fhhnpahdsn
evdsntssgs
geeiqarlss

gkkpesaags
nkpgnikigk
astegayvss
dlsnpsrylc
vgimcvvayc
nvissehive
vensrhsspt
pvdfhtpssp
qgfssfhhnp
ianrlevdsn

nktangnvea
emvdlpeklk
lvydpqggktl
dgflvvarsv
alvpgqggpvl
kttdryvqqgk
racescyttqg
hglparssgs
ectarlpeas
vinngsptil
kvrlirggsl
rgsqalpprp

ncertfiaik

glvkymhsgp
vesaekeigl

gspalppglk
kpgkselrin
espirisvst
kcgpgftgar
rkklhdrlrq
sfstshytst
rlngtggpre
emsppvssmt
slpasplriv
snsesetede
viangdpiav

gspalppglk
kpgkselrin
espirisvst
kcpneftgdr
ktkkgrkklh
reaetsfsts
ggprgrlngt
ksppsemspp
ahdsnslpas
tssgssnses

kvvcfyrrrd
hglrhrelfl
ladkgeirvg
gtfaraldcs
crdemeewsa
rlkaaeaesk
Syqwyswgpp
pkfamktrga
gsplvlkgav
gkrsyeqhng
ppvkrrrmnw
pppapvndep

pdgvgrglvg
vvamvwegln
wfhpeelvdy

emksgesaag
kasladsgey
egantsssts
ctenvpmkvqg
slrsernnmm
ahhsttvtgt
cnsflrhare
vsmpsmavsp
edeeyettqge
rvgedtpflg

emksgesaag
kasladsgey
egantsssts
cqgnyvmasfy
drlrgslrse
hytstahhst
ggprecnsfl
vssmtvsmps
plrivedeey
etedervged
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isstlialad
srqleslpat
nryqgaditdl
ssvrgpslhm
seanlfeeal
lkqvyipnyn
nmgcrlcasc
fylhttkltr
rkpleavlry
vdgnmkkrll
idapgdvfym
ivied

eiikrfeqkyg
vvktgrvmlg
tscagqnwiye

sklvlrcets
mckvisklgn
tsttgtshlv
ngekaeelyq
niangphhpn
pshswsnght
tpdsyrdsph
fmeeerplll
yepagepvkk
ignplaasle

sklvlrcets
mckvisklgn
tsttgtshlv
khlgiefmea
rnnmmniang
tvtgtpshsw
rharetpdsy
mavspfmeee
ettgeyepaq
tpflgiqnpl
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15/17

601 aasleatpaf rladsrtnpa grfstqeeiq arlssviang dpiav

<210>
<211>
<212>
<213>

45
198
PRT

<400>
msnvrvsngs pslermdarqg aehpkpsacr nlfgpvdhee ltrdlekhcr dmeeasqrkw
nfdfgnhkpl egkyewqgeve kgslpefyyr pprppkgack vpagesqdvs gsrpaaplig
apansedthl vdpktdpsds gtglaeqcag irkrpatdds stqgnkranrt eenvsdgspn

1
61
121
181

agsveqtpkk

<210> 46

<211> 465
<212> PRT
<213> Homo Sapiens

<400>

61
121
181
241
301
361
421

1 mivfvrfnss hgfpvevdsd tsifglkevv akrqgvpadqg lrvifagkel rndwtvgncd

ldggsivhiv
vilhtdsrkd
scwddvlipn
ctdvrspvlv
lhhfrilgee
gfafcrecke
chvpvekngg

<210> 47

<211> 395
<212> PRT
<213> Homo Sapiens

<400>

1
61
121
181
241
301
361

mrallarlll
atvlqqtyha
pssppeelkf
cwvisathct
allkirskeg
vklishrecq
grgcalkdkp

<210> 48
<211> 94
<212> PRT
<213> Homo Sapiens

<400>

Homo Sapiens

pglrrrqt

grpwrkggem
sppagspagr
rmsgecgsph
fgensrhvic
gynryqgyga
ayhegecsav
cmhmkepqpq

cvlvvsdskg
hrsdalqlgl
gcggktlrpr
idypkkedyi
rcagpsrtiq

gphyygsevt
gvytrvshfl

1 mgseletame tlinvfhahs
61 eldengdgev dfgeyvvlva

<210> 49

<211> 1630

<212> PRT

<213> Homo Sapiens

<400>

natggddprn
siynsfyvyc
cpgtsaefff
ldcfhlycvt
eecvlgmggv
feasgtttga
crlewcwncg

snelhqvpyk
gkhnycrnpd
fkiiggeftt
vylgrsrlns
ticlpsmynd
tkmlcaadpgq
pwirshtkee

gkegdkykls
altvacnnff

aaggcerepq
kgpeqrvgpg
kcgahptsdk
rlndrgfvhd
leprpgcgag
yrvderaaeq
cewnrvcmgd

sktcyegngh
nrrrpwcyvq
iengpwfaai
ntggemkfev
pafgtsceit
wktdscqgds
nglal

sltrvdlsss
klrvgcster
etpvalhlia
pqlgyslpecv
llpepdgrkv
arweaasket
hwfdv

fyrgkastdt
vglkllvgec
yrrhrggsvt
enlilhkdys
gfgkenstdy

ggplveslqg
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vlpgdsvgla
gatltltqgp
tnsrnitcit
agcpnslike
tceggnglgce
ikkttkpcpr

mgrpclpwns
mvhdcadgkk
yvcggslisp
adtlahhndi
lypeqlkmtyv
rmtltgivsw

kkelkellgt elsgfldagk dvdavdkvmk

wens

1 mlkciplwrc nrhvesvdkr hcslgavpee iyrysrslee llldanglre lpkpffrlln
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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

<210
<211
<212

lrklglsdne
pdgftqlrsl
lggndlevlp
glvlltdlll
Imalprslgk
hvldvagnrl
plsledagqqg
lkvmkrsieg
aeaqgggsqqge
rlirkdtphy
eeeeeegspq
rieeeeltlt
levngvalqg
ggglrlpllp
gaahragtlqg
hsspptaava
gsdhsshpfg
pclelsllvr
ptgaagrdgr
evspgvianp
l1gplkldyra
yrafaavpts
gaddlrkmge
tsrgspaspp
wraarmksle
spgrlspdfa
grrglgpvps

> 50
> 377
> PRT

igrlppevan
ahlalndvsl
dtlgalpnlr
sqnllrrlpd
1tkltnlnvd
gslpfalthl
gslsetwsda
rrseacpcqp
attaggeeda
kkhfkisklp
eeeeeeeeen
ilrqtgglgi
aehheaveal
pespgplrqr
vgdrvlsing
ttsittatpg
vgepgvfisk
rdpappglre
lrvglrllev
faagighrns
laavpsagsv
hppedapaqp
eearklqgqgkr
plgggapvrt
gdalraqmvl
eelrslepsp

<213> Homo Sapiens

<400
1
61
121
181
241
301
361

<210
<211
<212

>
mcddeettal
gskrgiltlk
mtgimfetfn
dlagrdltdy
syelpdgqgvi
lsggttmypg
kgeydeagps

> 51
> 1170
> PRT

vedngsglvk
ypiehgiitn
vpamyvaiga
lmkiltergy
tignerfrcp
iadrmgkeit
ivhrkcf

<213> Homo Sapiens

<400
1
61
121
181
241
301
361
421
481
541
601
661

>
mglawglgvl
iedanlippv
sngkagtldl
vpigsvftrd
tldnnvvngs
vteenkelan
atvpdgeccp
rtchiqecdk
tkackkdacp
cnkqgdcpidg
nhngehrcen
akenylghys

flmhvegtnr
pddkfqdlvd
sltvqgkghv
lasiarlria
spairtnyig
elrrpplcyh
rcwpsdsadd
rfkgdggwsh
inggwgpwsp
clsnpcfagv
tdpgynclpc
dpmyrceckp

16/17

fmglveldvs
galpgdvgnl
elwldrngls
gigglkglsi
rnhlealppe
nlkalwlaen
ppsrvsvigf
dsgsplpaee
eedygeptvh
gpeavvallqg
raeeeeaste
siaggkgstp
rgagtavgmr
hvaclarser
vdvtearhdh
vpglpslaps
vlprglaars
lcigkapger
nggsllglth
lesissidre
qrvpsgaagg
ptpgpaaspe
agmlreaaea
akaerrhger
srsqgegrgtr
spgpgeedge

agfagddapr
wddmekiwhh
vlslyasgrt
sfvttaerei
etlfgpsfig
alapstmkik

ipesggdnsv
avraekgfll
vsveeallat
kggvndnfqgg
hktkdlqaic
ngvgyrnnee
gwspwsewts
wSpwsscsvt
wdicsvtegg
kctsypdgsw
pprftgsqpf
gyagngiicg

rndipeipes
anlvtlelre
alppelgnlr
lkvdgnrlce
iggcvalsvl
gagpmlrfqgt
leapigdeda
ekrlsaesgl
faedallpgd
gmgpdgegpv
eedkegavvs
ykgddegifi
vwrermvepe
glgfsiaggk
avslltaasp
llaaalegpy
glrvgdrila
lgisirggar
geavqgllrsv
lspegpgkek
kmaespcsps
glsfrergky
gaearlaldg
lrvgspeppa
gplerlaeap
valvllgrps

avfpsivgrp
tfynelrvap
tgivldsgdg
vrdikeklcy
mesagihett
iiapperkys

fdifeltgaa
laslrgmkkt
ggwksitlfv
vlignvrfvig
giscdelssm
wtvdsctech
cstscgngiq
cgdgvitrir
gvgkrsrlcn
kcgacppgys
gggvehatan
edtdldgwpn

ikfckaleia
nllkslpasl
rlvcldvsen
vteaigdcen
slrdnrlavl
eddartgekv
eeaaaekrgl
sedsrpsast
dreieeggpe
apggwhngph
apsvkgvsfd
srvseegpaa
navtitplrp
gstpyragda
tialllerea
pveeirlpra

vnggdvrdat
ghagnprdpt
gdtltvlved
elpggtlhwg
9gqqppsppsp
felevrvpga
etlgeeeqged
peralspakl
spaptpsptp
pgavgpedva
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dfsgnplsrl
sflvkleqld
rleelpaelg
lseliltenl
ppelahttel
ltcyllpqgp
grratphpse
vseaepegps
apwtlpggrq
apwapragke
gannlliepa
ragvrvgdkl
eddysprerr
gifvsriaeg
ggplppsplp
ggplglsivg
hgeavsallr
degifiskvs
gfeastdaal
peateaagrg
delpanvkga
egppkrvslv
egppwaspsp
raleaekral
vedlgpgtst
lessrrpvrp

rhqgvmvgmg
eehptlltea
vthnvpiyeg
valdfenema
ynsimkcdid
vwiggsilas

rkgsgrrlvk
rgtllalerk
gedraqlyid
ttpedilrnk
vlelrglrti
cgnsvtickk
grgrscdsln
lenspspgmn
nptpgfggkd
gngigctdvd
kqvckprnpc
enlvcvanat

gkdsyvgdea
plnpkanrek
yalphaimrl
taasssslek
irkdlyannv
lstfqgmwis

gpdpsspafr
dhsgqvfsvv
cekmenaeld
gcssstsvll
vttlgdsirk
vscpimpcsn
nrcegssvqgt
gkpcegeare
cvgdvtengi
eckevpdacft
tdgthdenkn
yheckkdnepn
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721
781
841
901
961

lpnsggedyd
hnpdgadtdn
npdgldsdsd
dgipddkdnc
gmipldpkgt

kdgigdacdd
ngegdacaad
rigdtednng
rlvpnpdgkd
sqndpnwvvr

1021 dyagfvfgyq sssrfyvvmw kgvtgsywdt nptraggysg lsvkvvnstt gpgehlrnal
1081 whtgntpgqgv rtlwhdprhi gwkdftayrw rlshrpktgf irvvmyegkk imadsgpiyd

17/17

dddndkipdd
idgdgilner
didedghgnn
sdgdgrgdac
hggkelvgtv

rdncpfhynp
dncgyvynvd
ldncpyvpna
kddfdhdsvp
ncdpglavgy

1141 ktyaggrlgl fvfsgemvff sdlkyecrdp
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