GENETIC MARKER FOR EARLY BREAST CANCER PROGNOSIS
PREDICTION AND DIAGNOSIS, AND USE THEREOF
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The present application claims priority from KoreaQ/
Patent Application No. 10-2013-0043160 filed on April 18
2013, the disclosure of which is incorporated hereir by

reference in its entirety.

The present invention relates to a gene;”or early-
stage breast cancer prognosis prediction ﬁ/d diagnosis
and a use thereof, and more specifically/ﬂto a genetic
marker for early-stage breast q/ﬁcer prognosis
prediction and diagnosis, of TRBC1 (Iﬂéell receptor beta
constant 1), BTN3AZ2 (butyrophilin”/éubfamily 3, member
A2), or HLA-DPAl (major histgybmpatibility complex,
class 1II, DP alpha 1), fgf/

‘rediction and diagnosis of

providing information

necessary for the prognosis
[ to a use thereof.

a breast cancer patient, an

[Background Art] y//
As human geng”é information has been actively

utilized, cancer,/ research has focused on the
/

establishment Q// mechanisms at the genome level.
Particularly, ///é;ncer cell characteristics can be
identified yﬁ a macroscopic view, based on information
about expp4551on patterns of tens of thousands of genes

or on t7e increase or decrease in the number of genes

using /microarrays. This analysis of the genome-level
infgfmation is very innovative in understanding organic

complicated 1life phenomena, and will be more

 éommonly used. Specifically, 1in cases of complex

diseases such as cancer, the analysis of a small number
of particular genes is likely to obtain narrow results,
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and thus genome information analysis 1s absolutely

necessary. As described above, most of the genope
information that 1s a basis for cancer research/ is
created wusing genome chips such as a microarrayy and

technologies that can obtain a lot of informa¥ion at
once are evolving day by day. In spit of the
disadvantages of high costs, research using Microarrays
is being actively developed, so the amou of related
information 1is explosively increasing. ince the mid-
2000s, such genome information haj//étarted to be
collected and made into a databaszy/and secondary and
1

tertiary analysis using the informagion thus obtained is

becoming a focal point for e research of 1life
phenomena.
Tens of thousands of probes indicating

approximately 20,000 to 30,000 genes are embedded in
general expression gene 'hips, and more than one million
probes are often embedded in microarrays that measure
precise information,/ such as SNP. Methods using these
microarrays are very efficient since they are relatively
simple and stdndardized and a large amount of
information caw be obtained at once in a short time, but
analyzing the” obtained results is a key point as well as
being a difficult bottleneck. Comprehensive analysis for
tens of /thousands of genes incomparable to existing
analysi for a small number of genes must be supported
by L/'9//broad knowledge of the genome as well as
stgfistical analysis techniques, so useful information
cdn be eventually obtained. Besides, high-performance
computing equipment capable of storing and analyzing
large amounts of information are needed, and the related
computational techniques are also needed. Meanwhile, it
Sdifficult to
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and experimental methods, and thus, the methods cann f/

be favorably wutilized even though genome informatdon
increases at an extraordinary rate in Korea. Considgring

5 the domestic situation with respect to capitdl and
technology research that are insufficient compatred with
North America and Europe, actively utilizing known
genome information should be at th head of
bioinformatics. Genome analysis has een actively

10 introduced in the research of, particylarly, cancers,
and a considerable amount of related-information has

been accumulated.

Breast cancer is frequently detected in the early

15 stage since self-diagnosis is possible and the
importance of self-diagnosis /is highly publicized. It

was difficult to determine/ whether early-stage breast
cancer patients should be/allowed to receive anticancer
treatments after surgep¥y. It is possible to roughly

20 predict a prognosis hrough pathological observation,
but the observation fé;ult is difficult to normalize and
quantify, and the feliability on prognosis prediction is

low, and thus,/ most of early-stage breast cancer

patients are recommended to receive anticancer
25 treatments i actual <clinical practice. Due to the
nature of ticancer treatments, they are very expensive,

while the/patients suffer from very serious pains. It is
estimated that more than half of early-stage Dbreast
cance patients do not need to receive anticancer
30 tregtments. Therefore, if unnecessary anticancer
tyeatments are reduced by analyzing the characteristics
0f the early-stage breast cancer to predict prognosis of
patient, it may be a great help to increase the quality

of life of the patients. As the information about tens
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classifying breast cancer types at the molecular level
and establishing mechanisms of cancer occurrence apd
development are Dbeing actively conducted. It / is
important to predict the prognosis of the early/stage
breast cancer patients in clinical practice. The work of
identifying genes for prognosis predictign using
microarrays has already started in the early 2000s.
Although research that uses microarrays 1is/expensive, a
significant number of breast cancer tigsue expression
profiles have been produced and availabfe to researchers.
Starting from the identifying of 70 pfognosis prediction
reast cancer tissues
followed up for 10

or prognosis prediction

genes by analyzing the early-stage
and survival data of 78 patients
years in 2002, a dozen genes
genes were then published, / and among these genes,
several genes have already Yeen commercialized and used
in c¢linical ©practice hang, H.Y., et al., Gene
expression signature f fibroblast serum response
predicts human cancer /progression: similarities between
LoSBiol 2(2): p. E7(2004); wvan de

1., A gene-expression signature as a

tumors and wounds.
Vijver, M.J., et
predictor of suyvival in breast cancer. N Engl J Med
347(25):1999-2009(2002); wvan 't Veer, L.J., et al., Gene
expression pyrofiling predicts clinical outcome of breast
ure 415(6871): 530-536(2002); Wang, Y., et

e-expression profiles to predict distant

cancer. N

365(9460): 671-679(2005); Buyse, M., et al.,
dation and clinical utility of a 70-gene prognostic
gnature for women with node-negative breast cancer. J
Natl Cancer Inst, 98 (17):1183-92(2000) ; Paik, S.,
Development and clinical utility of a 21-gene recurrence
score prognostic assay 1in patients with early-stage
fen- Oneeteogi-st
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to predict recurrence of tamoxifen-treated, nod
negative breast cancer. N FEngl J Med 351(27) :2817-
2826 (2004) ; Sotiriou, c., et al., Gene expregsion

7 -7

5 profiling in breast cancer: understanding the mofecular
basis of histologic grade to improve prognosisi J Natl
Cancer Inst 98(4):262-72(2006); Pawitan, Y. et al.,
Gene expression profiling spares early-stage breast

cancer patients from adjuvant therapy:/ derived and

10 wvalidated in two population-based cohort Breast Cancer

Res 7(6):R953-964(2005); Miller, L.D., et al., An

expression signature for pb3 statws 1in human breast

transcriptional effects,

Natl AcadSci USA,

A.H., et al., Oncogenic

cancer predicts mutation status,
and patient survival. Proc
15 102(38):13550-13555(2005) ;
pathway signatures 1in huma cancers as a guide to
439 (7074):353-357(2006) ;

A consensus prognostic gene

targeted therapies.
Teschendorff, A.E., et a
expression classifier ER positive breast cancer.
20 Genocme Biol 7(10):R¥01(200¢); Desmedt, c., et al.,
Strong time dependence of the 7T6-gene prognostic
signature for nodé-negative Dbreast cancer patients in
the TRANSBIG muYticenter independent validation series.
Clin Cancer Re#g 13(11): 3207-3214(2007)). Representative
25 examples thefeof are MammaPrint (Agendia) and Oncotype
DX (Genomi¢ Health), which are being currently used in
clinical /practice. However, they have been used as one
of the /references for prognosis (van de Vijver, M.J., et
al., /A gene-expression signature as a predictor of
30 sur¥ival in breast cancer. N Engl J Med 347(25):1999-
2009 (2002); Paik, S., et al., A multigene assay to
predict recurrence of tamoxifen-treated, node-negative

breast cancer. N Engl J Med 351(27) :2817-2826(2004)).
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and patent documents are entirely 1incorporated
reference into the present specification, and the
5 of the technical field within which the ﬁyesent

invention falls, and details of the present vention

are explained more clearly.

[Detailed Description of the Invention]
10 [Technical Problem]

The present inventors have endeaybred to develop a
gene diagnosis system capable f predicting the
prognosis of the early-stage breagt cancer patient and
determining whether anticancer tpéatment 1s performed on

15 the early-stage breast cancer sgatient by using an FFPE
sample of the tissue containing cancer cells of the
patient. As a result, /the present inventors have
identified genes associatéd with prognosis prediction by
collecting and analyzing microarray data and clinical
20 information, which e obtained from the early-stage
breast cancer tisswe; selected genes and sets thereof,
which are suitable for the application to the FFPE
sample, among /the identified genes; and validated
utility of tHe selected genes and gene sets, thereby
25 completing e present invention.
refore, an aspect of the present invention is to
provige a genetic marker for predicting or diagnosing
the /prognosis of a breast cancer patient, and a use

thvereof.

Another aspect of the present invention 1s to

provide a novel method for predicting or diagnosing the
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provide a kit for predicting or diagnosing the prognosi

of a breast cancer patient.

5 Still another aspect of the present inventiop is to
provide a method for 'calculating a Dbreas cancer
prognosis predictive value in order t provide

information necessary for predicting or diAgnosing the
prognosis of a breast cancer patient the method
10 comprising isclating mRNA from a atient sample,
measuring the gene expression level normalizing the
gene expression level, and calculdting a predictive

value.

15 [Technical Solution]

In accordance with a aspect of the present
invention, there 1is provZded a genetic marker for
the prognosis of a Dbreast

thereof.

predicting or diagnosin

cancer patient and a us

20
In accordance /with another aspect of the present
invention, there/ is provided a novel method for
predicting or iagnosing the prognosis of a breast
cancer patienty
25
In afdcordance with still another aspect of the
present /invention, there is provided a kit for
prediciing or diagnosing the prognosis of a Dbreast
patient.
30

In accordance with still another aspect of the
present 1invention, there 1is provided a method for
calculating a predictive wvalue of the prognosis of

breast cancer to provide information necessary for
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from a patient sample,

normalizing the gene expression level,

predictive value.

In accordance

present invention,

there 1is provided a prime

with

mathod OO
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measuring a gene expression leve

still

another

and calculating a

aspect/ of

the

pair for

at least one gene selected from the group cgnsisting of

T cell receptor beta constant 1
A2 (BTN3AZ2),

subfamily
histocompatibility complex,
DPALl),

3,

member

class 1II,

(TRBC1),

a target gene through PCR amplificafion.

In accordance

present invention,

there 1is

with

stil

another

aspect

butyrophilin,

and major

DP alpha 1
wherein the primer pair 1is ;?Jable of amplifying

(HLA-

of the

rovided a use of a primer

pair for preparing an agent/for predicting the prognosis

of breast cancer,

least one gene

TRBC1, BTN3A2,

is

capable

of

amplification.

Unless

scientific

where]

selecte
and HL

efined

ZDPA1,

amp¥ifying a

the primer pair

is for at

from the group consisting of

otherwise,

target gene

through

all technical

and wherein the primer pair

PCR

and

rms used herein have the same meanings as

are commonty understood by a person skilled in the art.

The follgwing reference documents provide one of skills

that have general definitions of many terms used herein:
OF MICROBIOLOGY

Singleton
CULAR BIOLOTY

o

SCIENCE AND TECHNOLOGY

&Marham,

et

al.

4

(2ded.1994);

DICTIONARY

THE HARPER COLLINS DICTIONARY OF BIOLOGY.

Hereinafter,
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ha resaent invenition
Sent Vet

The—pr in ion

predicting or diagnosing the prognosis of a Dbreas

cancer patient and a use thereof. More specifically,

receptor beta constant 1 (TRBC1),
subfamily 3, menmber A2 (BTN3A2),
histocompatibility complex, class II, DP alphka 1
DPAl), for predicting or diagnosing the
10 breast cancer, especially, early-stage bregst cancer. In
addition, the present invention providgs a method for

predicting the prognosis of breast ncer, the method

comprising: (a) isolating mRNA a sample; (b)

measuring the mRNA expression levelX of at least one gene
15 selected from the group consist/ing of T cell receptor
beta constant 1 (TRBC1l), b {id
member A2 (BTN3A2), and major histocompatibility complex,
class II, DP alpha 1

mRNA  expression level

rophilin, subfamily 3,

); and (c¢) normalizing the
the gene, wherein the
20 overexpression of the /gene is determined as indicating

good prognosis.

Herein, T ell receptor beta constant 1 (TRBC1),
butyrophiling{;é%family 3, member A2 (BTN3AZ), or major

25  histocompatibdility complex, class II, DP alpha 1 (HLA-
DPAl) may

inventio

serve as a genetic marker in the present
They may be used for predicting or diagnosing
the prédgnosis of early-stage breast cancer by being
indepéndently selected, or by a combination of two or
30 thrée genes. Each gene may be a sequence thereof known
'K?the art or a sequence of the synonym thereof, and
preferably a sequence thereof derived from a human being.
More preferably, TRBC1 may be Genbank Accession No.
BC030533.1; BTN3A2 may be Genbank Accession No.

3.5 NM——Q- 0047 2 w - T (D CRm oy e ]N].
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Genbank or Swissprot.

Herein, the breast cancer may be an invasive
cancer, or breast cancer stage I, II, or III. Herein,
the breast cancer may be estrogen recepto positive

(ER+) .

As used herein, the term “progngéis” refers to
symptoms in the future or prospegts of ©progress
determined by disease diagnose. rognosis in cancer
patients generally means whether not the cancer 1is
metastatic within a certain p or the survival
period after the occurrence of/ cancer or the surgical
procedure. The prediction of prognosis (or the diagnosis
of prognosis) presents clués for future direction of
breast cancer treatment, /fespecially, including whether
chemotherapy treatment /is performed on early-stage

breast cancer patient and thus 1is a very 1important

clinical challenge. he prediction of prognosis includes
predictions of t response of patients to disease
therapeutic agen and therapeutic progress.
Herein, /the sample may be a breast cancer tissue of
a breast cahcer patient. The breast cancer tissue may
contain ome normal <cells, and may preferably be a
~fixed paraffin-embedded (FFPE) sample of the

cancer tissue including cancer <cells of the

formali

The marker for predicting or diagnosing the
prognosis of breast cancer according to the present

invention may be detected through polymerase chain

ane Th.a
e
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invention 1s preferably a detection of the expressio

level of the target gene, and more preferably /a

5 target gene. For the detection of the expression
the 1isolation of mRNA in the sample tissue nd the
synthesis of ¢DNA from the mRNA may be needed,
isolation of mRNA, the isclation methods of
sample, which are known in the art, may be émployed, and

10 since the sample 1is preferably an FF sample, the
isolation methods of mRNA, which are apgropriate for the
FFPE sample, may be employed. For the/synthesis of cDNA,
the ¢DNA synthesis methods using pRNA as a template,
which are known in the art, may be/employed. Preferably,

15 the detection of the marker for predicting or diagnosing

according to the present

the prognosis of breast cance
invention 1s a quantitatiye detection of the mRNA
expression 1in the FFPE sdmple, and thus may be the
detection by the isolaﬂé&n method of mRNA and the

20 reverse transcription / quantitative polymerase chain
reaction (RT-gPCR) ethod with respect to the FFPE
sample.

Herein, thg detection may be a measurement of the
25 mRNA expression level. The measurement of the expression

level may bg¢ conducted using the methods known in the

30 meas may be conducted wusing a commercially

avallable system, for example, ABI PRISM 7700™ Sequence
Déé;ction System™, Roche Molecular
BiochemicalsLightcycler, and an operating system
affiliated therewith, such as software. The measurement

ﬁgééadata;;mayéﬁbe~—@xpﬁessedf~aswwa-measuﬁem@ntu—vai&e-@£mﬂ}
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measured fluorescent value 1is first recorded as beipg
statistically significant is defined as the threshold
1 to

cycle. The threshold cycle is inversely proportiz?
ection

the value at the beginning in which targets of de
are present as a template of PCR, and thusé}he lower
e

threshold cycle value indicates the preseng of the

quantitatively increased targets of detectio

Meanwhile, the present inventign provides a
composition for predicting or diagnosing the prognosis
of breast cancer, the composition g¢gomprising a primer
pair as an active ingredient, wheredn the primer pair is
for at least one gene selected from the group consisting
of TRBC1l, BTN3A2, and HLA-DPAl

pair 1is capable of amplifying/a target gene through PCR

and wherein the primer
amplification.

As used herein, tHe term “primer” refers to an
oligonucleotide, and e primer may act as an initial
point of synthesis iy the condition where the synthesis
of the primer extepsion products that are complementary
to a nucleic acid/ chain (template) is induced, that 1is,
the presence of/nucleotides and polymerases such as DNA
polymerases, and appropriate temperature and pH.
Preferably, Ahe primer is deoxyribonucleotide, and has a
single chdin. The primer used herein may include
occurring dNMPs (that is, dAMP, dGMP, dCMP,

MP), modified, nucleotides, or non-naturally

naturall,"

ing nucleotides. Also, the primer may include

ribbonucleotides.

The primer of the present invention may be an

extension primer that 1is annealed to a target nucleic

—8Cid—to—~form——a-seguence—complementary—to—the —target-

12
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polymerase. The extension primer is extended to a

at which an immobilized probe 1s annealed, and

occuplies the site at which the probe is annealed.

hybrid

site of

The extension primer used herein includes
nucleotide sequence complementary to the firs
the target nucleic acid. The term “complemen¥ary” refers
to being sufficiently complementary such that primers or
probes are selectively hybridized wifh the target

nucleic acid sequence under predetermified annealing or

hybridizing conditions, encompasging the terms
“substantially complementary” and “perfectly
complementary”, and means referably “perfectly

complementary”. As used herein,/ the term “substantially

complementary sequence” 1in cofijunction with the primer
sequence, means including t sequence that is partially
un-identical to the sequerice of the comparative target
within the range in whioﬁfihe sequence is annealed to a
particular sequence to/serve as a primer, as well as the
perfectly identical/;equence.

J/'

The primer/éeeds to be long enough to prime the
synthesis of é;tension products 1in the presence of
polymerases.{g he appropriate length of the primer varies
depending 9ﬁfseveral factors, such as temperature, field
of applidétion, and primer source, but the primer
genera;;y has 15~30 nucleotides. Short primer molecules
genergily require lower temperatures 1n order to form
suf?fciently stable hybrid complexes together with
teﬁplates. The term “annealing” or “priming” refers to

/the apposition of oligodeoxynucleotide or nucleic acid

/' to the template nucleic acid, and the apposition enables

the polymerase to polymerize nucleotides to form a
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The sequences of primers do not need to have/a
of
they

perfectly complementary sequence to some sequence
templates. The primers are good encugh so long a
have sufficient complementarity within the sgope in
which they can perform their inherent actiong through
hybridization with the template. Therefore, /the primer
of the present invention does not nee to have a
perfectly complementary sequence to he foregoing
nucleotide sequence as a template. The /primers are good
enough so long as they have sufficiefit complementarity
within the scope in which they can pérform their actions
through hybridization with the ene sequence. This
design of the primers may be sily carried out by a
person skilled in the art /with reference to the
foregoing nucleotide sequenc For instance, the design
of the primers may be /arried out wusing computer
programs for primer desigd (e.g., PRIMER 3 program) .

The present in;?/tion provides a kit for predicting

or diagnosing the pgrognosis of breast cancer, the kit

comprising the pyimer pair. The kit of the present
invention may urther comprise tools and/or reagents
known in the art which are used for PCR, RNA separation
in samples, /and c¢DNA synthesis, in addition to primer
pairs allgwing PCR amplification of TRBC1, BTN3A2,
and/or HFA-DPAl. The kit of the present invention may
furthe comprise, 1if necessary, tubes which are to be
mix respective components, well rlates,

ruction manuals describing how to use, or the like.

The ©present invention provides a method for

calculating a predictive value of the prognosis of

N
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cancer patient, the method comprising:
(a) isolating mRNA from a sample;

(b) measuring the mRNA expression level of at l&ast

one gene selected from the group consisting of cell
receptor beta constant 1 (TRBC1), butyrgphilin,
subfamily 3, member A2 (BTN3A2), major
histocompatibility complex, class 11, DP al 1 (HLA-

DPALl) ;

(c) normalizing the mRNA expression’ level of the
gene;

(d) inserting the normalize value into a
predetermined calculation formul to calculate a
numerical value; and

(e) determining the breagt cancer prognosis as
being good(favorable) or poor(tnfavorable) depending on

the numerical wvalue.

Herein, the expressiOn level of the target gene for
detection needs to be normalized since the overall gene
expression level ma vary depending on the target
patient or sample. he normalization is made through the

difference in th expression of the gene, which can

indicate the difference from the basic expression level,

and preferablyy the normalization may be carried out by
measuring t expression levels of one to five genes
selected rom C-terminal-binding protein 1 (CTBP1),
TATA-binding protein (TBP), hydroxymethylbilane synthase
cullin 1 (CULLl), and ubigquilin-1 (UBQLN1l) (or
of expression levels of selected multiple

and calculating the ratio thereof.

Meanwhile, the present invention provides a method

for breast cancer prognosis prediction and diagnosis,
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selected from the group consisting of TRBC1l, BTN3AZ2,
5 HLA~-DPAl and
wherein the primer pair is capable of amplifying a

target gene through PCR amplification.
Furthermore, the present invention/ provides a
10 primer pair for at least one gene selgcted from the
group consisting of TRBC1l, BTN3A2, and HLA-DPAl, wherein
the primer pair is capable of amplifying a target gene

through PCR amplification.

15 Still furthermore, the present invention provides a
use of a primer pair for prgparing a preparation for
predicting the prognosis of/breast cancer, wherein the
primer pair is for at leagt one gene selected from the
group consisting of TRBC1, BTN3A2, and HLA-DPAl, and

20 wherein the primer pgir 1is capable of amplifying a

target gene through BLR amplification.

The following references are made in the above-
mentioned nuclegtide and protein works (Maniatis et al.,

25 Molecular Clgning: A Laboratory Manual, Cold Spring
Harbor Labgratory, Cold Spring Harbor, N.Y.(1982);

Sambrook ¢t al., Molecular Cloning: A Laboratory Manual,
2d  Ed.

Deut;;her, M., Guide to Protein Purification Methods

Cold Spring Harbor Laboratory Press(1989);

30 Enzytiology, vol. 182. Academic Press. Inc., San Diego,
C (%990); Ausubel et al., Current Protocols of Molecular
iology, John Wiley and Sons (1997); Rupp and Locker,

Lab Invest. 56: AGT (1987) ; De Andres et al.,
BioTechniques 18: 42044 (1995); Held et al., Genome

Ry Ras
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[Advantageous Effects]

5 Accordingly, the present invention provi
genetic marker for predicting or diagnosiplg the
prognosis of early-stage breast cancer. Th genetic

marker of the present invention enables the/prediction

or diagnosis of the prognosis of a breast cdncer patient,

10 and thus can be favorably used to present/ clues for the

future direction of breast cancer treatment, including

the determination on whether anticaficer treatment 1is

needed.

15 [Brief Description of the Drawin S]
FIG. la schematically / shows a normalization

procedure by curation and e-processing of microarray
data of breast cancer tigsue. FIG. 1b schematically
shows an identification procedure of prognostic genes in
20 the discovery dataset.
FIG. 2 shows Aalidation results of the prognostic

model (frozen samgles) in the discovery dataset. FIG. 9a
shows that prognfiostic indexes of all patients using the
25 prognostic model (frozen samples) were divided into four
and classified into four prognostic groups, and the
separatiory of the observed survival probability of each
prognostic group was verified. The observed survival
probabdlity was compared with the predicted survival

30 probdbility. FIG. 9b shows that observed survival
propbabilities were compared with predicted survival
robabilities wusing the prognostic models in overall
patients. FIG. 9c shows that overall patients were
divided into four groups with respect to the most

£35 ——influenti-al—p-mean,—and-then-the-concurrence—between—the-
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probability by the prognostic model (frozen samples) in
each group was verified. FIG. 9d shows that
concurrence between the observed survival probabiYity
5 and the predicted survival probability with resp

5-year survival probability was verified.

FIG. 3 shows validation results of the prognostic
model (frozen samples) in validation s/t 1. The
10 wvalidation method was the same as that iy the discovery
dataset. FIG. 10a shows validation /results on the
determination, and FIG. 10b shows va 'dation results on
the calibration of the overal / time period of

observation. FIG. 10c shows Valyéation results on the
15 calibration of 5-year survival p,bbability.

FIG. 4 shows validatiqﬁ/results of the prognostic
model (frozen samples) '?ﬁ validation set 2. The
validation method was the same as that in the discovery

20 dataset. FIG. 11a///shows validation results on
determination, and F/é 11b shows wvalidation results on
calibration of the/overall time period of observation.
FIG. 1lc shows V//
S-year survival/probability.

2 5 /

FIG. §/shows validation results of the prognostic

idation results on the calibration of

model fﬁ/zen samples) in wvalidation set 3. The

Y
Y,

Vallda{%ég method was the same as that in the discovery

datasg .
30
FIG. © shows correlation measurement results
b/fween FFPE sample (siemens, vertical axis)/frozen

//sample (horizontal axis) with respect to selected p-gene,

/ and gene names and correlation values (cor) are shown,

18
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LG 7 shews correltation—meastremnent—=results
between FFPE sample (siemens, vertical axis)/froze

sample (horizontal axis) with respect to selected i-gerie,
and gene names and correlation wvalues {cor) are shgwn,

respectively.

[Mode for Carrying Out the Invention]

Hereinafter, the present invention  will be
described in detail with reference to e following
examples.

However, the following examplé&s are merely for
illustrating the present invention /and are not intended

to limit the scope of the present /invention.

For examples 1in the /esent specification, the
disclosures of Korean Paten "Application Publication No.
10~-2012-0079295 and PCT /"ﬁblication. No. W02012093821A2
are entirely incorporated into the present specification
by reference, and th' level of the technical field to
which the present p,/tain and the details of the present

invention are expldined more clearly.

<Methodsy’

Coll@étion of expression profile in early-stage

breast caécer tissue

g&pression profiles and clinical information
obtqﬁﬁed using frozen cancer tissues of early-stage
b{ﬁést cancer patients were collected from open database

ﬁé@ (http://www.ncbi.nlm.nih.gov/geo). Each of a total

/ nine independent expression profile sets was a

relatively big dataset composed of 100 or more samples,

QA WAS - TREGE iR rder—to—conduct-researehes—on--progresi-s.
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25, 32, 33). Of these, eight datasets were made us{yj/
microarray platform, Affymetrix U1l33A, and the other g¢ghe
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dataset was manufactured using Agilent Hu2b5K. In /ost
5 cases, 1important clinical information (age, sex, Lancer
size, cancer metastasis state, and degree o cancer
differentiation) and survival information o patients
were collected together. Of the eight datagets made by
Affymetrix Ul33A, Six datasets incluyded survival
10 information about distant metastasis (digtant metastasis
free survival), and the other two dgiasets included
survival information about overall /survival. Agilent
data included survival information about distant
the base of whether

metastasis. Survival analysis
15 distant metastasis occurred or/not was performed based
on the facts that distant/ metastasis 1s the most
decisive event in decidifig prognosis, the distant
metastasis 1is determined /by unique characteristics of
cancer, and the largest number of patients had
20 information on the distant metastasis in the collected
data. Through comparision of the collected information
of all patients, he expression profiles of duplicated
186 cases were /removed, and a total of 1,861 unique
cases were reséarched. With respect to seven datasets
25 made by the same platform (Affymetrix U1l33A), raw files
(.CEL) of/ the expression profiles of corresponding
patients /were combined together, and then normalized.

The nofmalization was conducted by the rma method

(background correction: rma, normalization: gquantile,
30 summarization: medianpolish). For the normalization,
cydstom CDF

(http://brainarray.mbni.med.umich.edu/Brainarray/)
ENTREZG version 13 developed by Manhong Dai et al., was

used (34). After the normalization, the expression level

ot PVl robe Wa-S coniraritoad from Eheae OO OO
|- <t - W-a-S A -ak 2! QI b i -kF
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expression level by subtracting the mean value of eac

probe 1in the discovery dataset. Of the total eig t
normalized dataset, five datasets were combined together,
5 and then wused as the discovery dataset, whil two

datasets were separately combined, and then sed as
validation dataset 1, and the other dataset ;7 used as
validation dataset 2. Agilent dataset was adso used as

validation dataset 3.

10
Prognosis of patients and definitign of ER status
In order to identify genes/ associated with
prognosis of patients, the collected patients were
classified into a good (favorable)y prognostic group and
15 a poor (unfavorable) prognost¥c group. In general

clinical practice, five-year/ survival or metastasis
information is used for such/a classification. In other
words, the prognosis 1is oor 1if metastasis or death
occurs within five years; and the prognosis is good if

20 metastasis or death dges not occur within five vyears.
The distribution o survival times of metastatic
patients was invesfigated using patient information in

the discovery dgtaset. About 73% or more of the
metastatic patignts had metastasis within 5 years, and

25 less than 7%/ 0f them had metastasis after 10 vyears.
Based on tHis fact, among patients in the discovery
dataset, 17 patients who had metastasis within five
years wegre classified as the “poor prognostic group”,
while Z81 patients who had no metastasis for ten years
30 or lgnger were classified as the “good prognostic group”.
As/a result of classification, the median survival time
T the good prognostic group was 2.4 years, while the
median survival time of the poor prognostic group was

12.9 years. Error due to unreliable survival information

1 1 +
Ly——divriding—-+the—poor

4~
sy

could be mi-pimi-zed by clea
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proghostic—group-—and—the—good—prognestie

expression or not of the estrogen receptor (ER) 1is th

are classified by subtypes. In clinical practice,

5 Dbreast cancer patients are classified into ER+ d ER-
through ER immunohistochemistry (IHC) readout redults by
pathologists. Considering that about 200 patients had no
ER THC information in the collected discovery dataset,
and the determination of ER IHC was made’ for each of

10 five datasets —constituting the discobvery dataset,

independently, the ER status was determined using the

mRNA expression level of ESR1I gene/in the expression
profile for each patient. For the tients having ER TIHC
information, region of convergente (ROC) analysis was

15 conducted using the ER IHC infoymation and the ERS1 mRNA

expression level. Through a /comparison between the ER
IHC results and the ERS1 /mRNA expression 1level, the
cutoff for ER status was Mdetermined at the point where
the accuracy was highegt (accuracy=0.88). The cases
20 showing higher expresgion levels than the cutoff were
classified as ER+ and the cases showing lower
expression levels an the cutoff were classified as ER-.

In the discovery/ dataset, 864 patients were designated

as ER+ and 240 patients as ER-.

25
Selection of prognostic genes
The /good prognosis group was defined as ER+, and
the po prognosis group was defined as ER- 1in the
discovery dataset. 275 patients had good prognosis,
30 whi 218 patients had poor prognosis. Through

nificant analysis of microarray (SAM), genes showing
difference in the expression level among the
prognostic groups were investigated. By using the g-
value of the SAM analysis results, overexpressed genes

-35ip-ERE GO0 -PLrOgROSI-SGFoup-—anc—the-poor-prognosis—group -
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genes,

have been made,

expression patterns of these genes was conducted

a total of 302 gene sets that were not duplicate

the principal

principal

investigate

biological functions related

component analysis (PCA) method.

pyw

and a cluster analysis for identifyiAg
ing

Two

components were selected, and in ofder to

to each

principal component, GO function analysis was performed

for each cluster.

As a result of GO analysis, pringdipal component 1

was shown to concentrate on the prodfiferation, whereas

principal component 2 was shown t

immune response.

concentrate on the

From genes belohging to two principal

components involved in the proliferation and the immune

response,

genes

showing the/ highest expression level

between two prognosis groupg were selected, respectively.

The genes of the respective gene sets are named as p-

gene in view of represeriting expression patterns of the

proliferation

expression patterni/

and i1fgene in view o0of <representing

f the immune response, respectively.

Configuratyég of prognostic model using parametric

survival analygis

Regres

p-gene

an

on analysis in which expression levels of

i-gene were covariates was performed using

the accelerated failure time (AFT) model of parametric

sSurviv 4/models.

Four p-genes were converted into p.mean

by cglculating the mean value for each patient, and five

i—g'nes were also converted into i.mean by calculating

Ke mean value of each patient before application. AFT

model is specified as:

35
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is the baseline survival time; ¥x; 1s the vector of th

covariates (j=1, 2, ., q); B 1is the coefficient

corresponding covariates; and € 1is the error. In /this
model, the covariates synergistically influen the
baseline survival time, and thus this model i called
the accelerated failure time (AFT) mode in the
industries in which this model is frequently used. The
synergistic effect on the survival time, ®=f1x1 + B2Xz + ..
+ PBgXq 1s called the acceleration factor. Where the

natural logarithm in Equation (1) is cafculated,

lOgTi = lOgTo +le1 + 52X2 + + quq‘l‘ €*<2) .

Thus, the AFT model has/ the same form as the
general linear regression model. However, since the
dependent variable log T es not normally distribute
and the survival analysis/data always includes censored
cases, which are not permitted in the linear regression
model, Equation (2) annot be processed 1like in the
linear regression modéi. Since the distribution of &" of
Equation (2) may /vary for different datasets, unlike
where the normal/ distribution is assumed in the linear
regression modgl, the practical statistical processing

. N N . *
1s 1nconvenieht. In order to overcome this, logTy and e

are modifie and expressed as follows:

logTo +Bixz + Baxza + * * * + PBgXqt oW (3)

wheyein W follows the distribution of 1logT, and the
variance thereof is fixed as the value of the normalized
distribution. Here, o 1is the constant as the scale

parameter, and the value thereof 1s determined depending

35

on-—fthoe--datracet
Tttt Cra--a-S-8-

24



10

15

20

25

30

/
/

e
JaS iy Wy

AW P 1AL PN I P w + 3 Jo EI NS =
VL IoOw™o (e S YLW W {@ i) Tt = N ) WS 1T s

Weibull, loglogistic, and lognormal distributions, usin
as
the

AFT model, and then the most appropriate model

selected. For the risk distribution for AFT model,

hazard function, which can be obtained by creatipg the
generation 1life table of survival information/in the
discovery dataset, was used. Since the hazard function
obtained by the generation life table is showh to have a

unimodal form, it was predicted that he Weibull,

loglogistic, and lognormal distributions/ would be well
appropriate. The final model WA S selected in
consideration of Akaike's information criterion (AIC)

and the R sqgquare (R2).

Validation of prognostic model

The ©performances of ﬁé selected model were
assessed according to their “calibration” and

“discrimination” aspects. Calibration” is the degree of

concurrence between the /predicted survival probability
produced by the proghostic model and the actually
observed survival prdbability, and “Discrimination” 1is
the ability of

separate the given patient group into different

é; prognostic model to correctly

prognostic gro Herein, the actually observed
survival probdbility refers to the value obtained by
Kaplan-Meier/ method. The AFT-based prognostic model was

ain survival probabilities of all time zones

for each/patient. The survival probability predicted by
the model was compared with the survival probability by
Kaplan-Meier method. In order to obtain the predicted
sur¥ival probabilities for the overall time period like

1 Kaplan-Meier, survival probability curves of all

//batients were obtained by calculating the mean survival

probability for each time zone from 0 to 25 years by the

35lelyear-unite—Together-with-the -compariseon—of—survival-
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survival probability was also compared. The 5-yea

predicted survival probability of patients produced

using the prognostic model 1in the given dataset/ was

5 compared with, as the observed wvalue, the

survival probability calculated by using Hare
the hazard regression analysis.

For “discrimination", the prognostic j}ndexes of all

10 patients in the given dataset were diyided into four

sections, and survival probabilities of/patients for the

respective sections were compared by /the KM graph. The

prognostic index is the dependept variable in the

survival model. The more clearly the KM graphs of the

15 four prognostic groups are i?pérated, the better the

discrimination power of the model.

Both “calibration” nd “determination” for the
discovery dataset and /three independent wvalidation

20 datasets were investigated.

Important R ackages used in statistical analysis
are as below:
affy: pre~processing of .CEL files wusing rma
25 algorithm
samr:,'dentifying genes showing the difference 1in
the expression level between prognostic groups
GO Eats: investigating function associated with

selectgd gene set

30

/KMsurv: creating a life table using survival data

of/the discovery dataset
J rma: estimating coefficients of prognostic model

//;sing AFT model and conducting calibration on the model.
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(FFPE) tissues and samples has not been accepted in t
expression analysis due to many procedures causing
obstruction to RNA stability, such as immobilizdtion
causing cross-linking between tissues in the trgatment
process of tissues or samples. Herein, in rder to
develop a method for breast cancer prognosis pé;diction,
suitable for FFPE samples, based on the adtual breast
cancer treatment procedure, gene sets we selected by
placing a higher priority on genes / having higher
interqurtile ranges (IQR) and genes hdving higher mean

expression levels in the order of/ higher degree of

contribution, from p-genes (proliferation-related gene
set) representing the exp &ssion pattern of
proliferation and i-genes (immyhe response-related gene
set) representing the exprez;fgn pattern of the immune

response, which were obtained according to the principal

component analysis and fungtion analysis with respect to

the principal component /analysis (GO function analysis

or GO analysis).
As used her

n, several genes having the same

pattern in p-gen€ and i-gene were selected since the

microarray data/has a limitation in measuring accurate
. 7 .

expression l@ﬁels and the mean expression level for

several geneé rather than the expression level of one

gene representlng the pattern can represent the actual

express%pn pattern better.

/Measurement of gene correlation between FFPE sample

and/Frozen sample and selection of genes
7
Ve 27 types of FFPE and frozen samples collected from

he same patients were secured, and RNA was extracted

from the FFPE or frozen samples by the RNA extraction

method The . exnression levels o.E 32 LR A PN~ ot ATLEOLC
iaet PO-Chs Xpressi-of S

——levels £ types fgen
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template.

The gene expression levels need to be normalized
due to the difference thereof between individuals.
Therefore, the expression levels of five genes gelected
as a normalization gene, that is, of C-terminal-binding
protein 1 (CTBP1), TATA-binding protedn (TBP),
hydroxymethylbilane synthase (HMBS), culli¥n 1 (CUL1),

and then the

and ubiquilin-1 (UBQLN1l), were normalized,

gene expression correlation between FPE sample and

frozen sample was measured.

Based on the correlation megasurement results and
the expression level results fgr each gene, the genes
that have a high correlatio rate and various gene
expression distributions befween samples were finally
selected as highly reliabl¢g genes for early-stage breast

cancer prognosis predict]

<Results>

Selection of/ prognostic genes for prognostic model

Five indepéndent breast cancer datasets composed of
expression prgfiles of early-stage breast cancer tissue
were pooled/into a discovery dataset of 1,104 samples.
All patie

them haye little metastasis to axillary lymph nodes (NO

s did not receive chemotherapy, while most of
or N-), or have early-stage breast cancer (lst stage or
2nd

abgut distant metastasis were subjected to statistical

14

tage). Among them, 1072 patients with information

nalysis. In order to find genes associated with
prognosis, expression profiles of the good prognostic

group (having no metastasis for more than 10 years) and

the-—poor—prognostie—group-—~Hhaving—metastasis—within—5-
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AP S WeEe—COmPpared—i-82—genes—showing—high-express

levels were selected from the good prognostic group, and

120 genes showing high expression levels were selected

not sh

from the poor prognostic group (results
5 FDR<0.001).

expression levels of the selected 302 genes.

analysis was performed on principal compdnent 1 and
10 principal component 2. Principal component 1 was
definitely associated with the proliferation, while
principal component 2 was strongly agsociated with the
immune response. Based on this result, genes belonging
to principal components 1 an 2 were selected,
15 respective, and thus the prognosgic model was allowed to

reflect the two expression pattérns.
Nine genes that were /hot only associated with the

prognosis but also had t largest expression difference

20 among the groups were gelected. The gene selected from

principal component representing the proliferation is
named p-gene, and ,Lthe gene selected from principal 2

representing the une response 1s named i-gene.

25 Comparisgh between ER+ Breast Cancer and ER- Breast

Cancer
It

estrogen/ receptor (ER) 1s closely associated with the

known that the expression or not of the

occurrgnce and development of breast cancer. Two

30 funcyions shown in the genes selected in association
wi prognosis, that 1is, proliferation and immune
sponse are interestingly noticed in the mechanism of
cancer. ER- breast cancer was compared with ER+ breast

cancer using the selected 16 genes (p-genes and i-genes).
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ages
(pl, p2, p3 or il, 12, 1i3) according to the expressi é/

level. Here, pl was a p-gene group showing the loweést
expression level, and was assumed to make the sldwest
proliferation; p3 was a p-gene group showing the
expression level, and was assumed to make the/ highest
proliferation; and p2 was a p-gene Jgroup /showing a
moderate expression level, and was assume to make a
moderate level of proliferation. As used Herein, 1l was
an i-gene group showing the lowest expregsion level, and
was assumed to make the weakest immune/ response; 13 was
an 1i-gene group showing the highes expression level,
and was assumed to make the strongest immune response;
and 12 was considered to show /a moderate expression
level, and was assumed to a moderate level of
activity.

1,072 cases in e discovery dataset were
classified according to /fhe expression levels of p-gene
and i-gene, and the infensity of each function according
to the ER status was/investigated. The proportion of p3
type indicating veyy active proliferation was higher in
ER- breast cancey’ than in ER+ breast cancer. About 62%
of ER- Dbreast /cancer cases showed very high p-gene
expression lefels (p3), while only 18% of ER+ breast
cancer caseg showed high p-gene expression levels, which
supported /the previously reported fact that ER- breast
cancer ends to be more aggressive than ER+ breast

Abcut 35% of ER+ breast cancer cases showed weak

p- (pl), while the proportion of pl was only 9% in
ER breast cancer cases. The active 1immune response

nction 1s another characteristic of ER- breast cancer,
and 38% or more of ER- breast cancer cases showed very

high i-gene expression levels (i3). Whereas, only 21% of
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led to more active immune response in both ER+ and ER-
while ER- breast cancer showed a much more active immyne

response.

Besides, it was observed that the differ
grade of the breast cancer was also closely related with
the proliferation. Generally, poorly differentiated
breast cancer (G3) showed a fast prolifergtion, whereas
well-differentiated breast cancer (Gl) /showed a slow
proliferation. It was observed that /the prognosis of
patients was also correlated with the proliferation. It
was observed that more poor progngstic patients having
metastasis within five years weye concentrated in the

group with a fast proliferation

In summary, it was foupd that ER- breast cancer was
more active than ER+ breasgt cancer in view of both the
proliferation and the /immune response, and 1t was
supposed that the expréssion level of ER influences the
mechanisms of occur¥rence and development of Dbreast

cancer.

FEstablishplent of prognostic model
The AF

cancer patj¥ent metastasis was created using survival

prognostic model of early-stage breast

informatignh of the discovery dataset and the selected p-
genes apd i-genes. The generation life table on a yearly
basis /Wwas created using the survival information of the
discoOvery dataset, and the degree of hazard was roughly

culated.

Since the probability of death obtained by the

generation life table is shown to have a unimodal form,
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covariates to be included in the prognostic model ar
p.mean and i.mean. p.mean is the mean in the p-gen

and i.mean is the mean in the i-genes.

As a result of applying three models to the/Weibull,
loglogistic and lognormal distributions, the /lognormal
distribution was most appropriate. The inal model
following the lognormal distribution was lected using
10 Akaikes information criterion (AIC).

log(T)= -0.689 x p.mean + 0.274 i.mean + 3.219

According to the above estimdted model, the p.mean,
15 that is, the proliferation has negative correlation (-
0.689, p value = 2.47 x eﬂ7)

and thus, more active

1th the survival time (T),
roliferation shortens the
contrary, the 1i.mean has a
74, p value = 3.69 x e ') with

20 the survival time, which indicates that a more active

survival time. On the

positive correlation (0.

immune response lengthens the survival time. It could be
concluded  from e above estimated factors that

proliferation plays a decisive role in the breast cancer

prognosis, and  /more active proliferation leads to poor
25 prognosis, while the immune response acts as a defense

mechanism against fast proliferation.

Validation of prognostic model
f/fﬂe performances of the prognostic model, which was

ed using expression profiles for 1,072 early-stage

30 cre

breast cancer patients 1in the discovery dataset, were
alidated according to “calibration” and
“discrimination” aspects. Here, the “calibration” is the

degree of concurrence between the predicted survival

£l
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survival probability refers to the survival probabilit
obtained using the Kaplan-Meier method. In addition,
“discrimination” is the ability of the model
correctly separate the patients into different
prognostic groups. Validations for the two perfermances
were performed on the discovery dataset develdping the
model and three independent validation datase@éﬁ

In the discovery dataset developing,/the prognostic
model, the prognostic indexes (PI) w/fe divided into
four and classified into four progn{étic groups. The
survival probabilities observed jjl/{he four prognostic
groups classified by the prognos@%é index were compared
using the KM graph. As a resuly{ it could be seen that
four prognostic groups were yery well classified, and
the predicted survival probability corresponded well

with the observed survyival ©probability for each

prognostic group.

The KM surviva/ probability and the predicted
survival probabilip/ produced by the prognostic model
were compared w £h each other using the graph. The
survival prob@’ilities for all time zones of all

patients were/bbtained in the prognostic model, and thus,

in order t’/obtaln the survival probability curve for
the overay{ time period like the survival curve of KM,

surv1vaL/probablllty curves were drawn using the mean
surv1vél probability for each time zone (from 0 to 25
yeag/ 0.l-year interval) of each patient. The predicted
sgﬁ@ival probability was slightly higher than the KM
ﬁﬂrvival probability, but they are similar as a whole.
//In addition to the comparison of survival probability

for the overall survival time, the comparision of 5-year
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to the actually observed b5-year survival probability
Particularly, as the predicted survival probability S
higher, the concurrence between the prei} ted

was

probability and the observed survival probabili

stronger.

For more objective wvalidation, the progpostic model
was validated using three independen validation
datasets. The first wvalidation dataset ¥as obtained by
ffymetrix UI133A
platform. The second validation dataget was the dataset

generated by Affymetric U1l33A platfgrm, and all were ER+

combining two datasets generated by

patients taking tamoxifen for five vyears. The third
validation dataset was the dataset that was used to
identify and validate 70 prognostic genes (currently,
commercialized as MammaPring) and generated by Agilent
Hu25K platform. Valida®/ion datasets 1 and 2 were
generated by the same /platform as 1in the discovery
dataset, Affymetrix UA33A, and the expression levels
thereof were normaldized together with the discovery
dataset. Validatign datasets 1 and 2 were assessed in
terms of calibration and discrimination aspects, while
validation datasets 3 was assessed in terms of only the
discriminatio aspect due to the normalization of
expression JYevels.

Sedlection of gene sets applicable to FFPE sample

2 types of genes were selected by placing a
priority on genes having higher interqurtile
(IQR) and genes having higher mean expression
in the order of higher degree of contribution,
from 182 genes showing high expression levels 1in the

good prognostic group and 120 genes showing high
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and Frozen sample and selection of genes

For the measurement of correlation between /FFPE
sample and frozen sample, samples that secure bo
sample and frozen sample from patients or thej
tissues are needed. With respect to 27 pairs
frozen samples thus obtained, the expressign levels of
32 types of the selected genes and the correlation
between FFPE and frozen samples were measured. Based on
the measurement results, genes thédt have a high
correlation rate and various gene expression
distributions among samples were Afound 12 types in p-
genes and 15 types in i-genes, /which were selected as
highly reliable genes for edrly-stage Dbreast cancer

prognosis prediction.

Among the selected genes above, 9 types of p-genes
and 6 types of 1-geneé were selected as genes to be

included in the kit fgr prognosis prediction.

The correlation measurement results for the
respective geneg are shown in FIGs. 6 and 7. In each
drawing, the solid line represents the equivalent value
of the horizontal axis and the vertical axis (slope: 1,
that‘ is;{/ he line that connects wvalues of which the

horizontéal axis value 1s identical to the vertical axis

Valij}//

é/// Meanwhile, among the respective genes, the
=ZXP

) ression levels of TRBC1, BTN3A2, and HLA-DPAl were

//significantly different Dbetween the good prognostic

group and the poor prognostic group. Through the above
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in the good prognostic group, verifying that
increased expression (overexpression) indicat

breast cancer prognosis.

[Industrial Applicability]

As set forth above, the ptesent invention provides
a genetic marker for early“stage breast cancer prognosis
6§€;i The genetic marker of the

can enable the prediction or diagnosis

prediction and diag

present inventig
of the progmosis of a breast cancer patient, and thus
avorably used to present clues for the future

ction of Dbreast cancer treatment, including the
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breast cancer, the method comprising:

(a) isolating mRNA from a sample;

(b) measuring the mRNA expression level of at

cell receptor beta constant 1), BIN3AZ (butyrophilin,
subfamily 3, member A2), and HLA-DPX1 (major
histocompatibility complex, class II, DP alpha 1);

(c) normalizing the mRNA expressio level of the

gene; and
(d) determining the overexpressyon of the gene as

indicating good prognosis.

2. The method of claim

of the expression level

, wherein the measuring
conducted through PCR

amplification of a target g

3. The method
a formalin-fixed paraffin-embedded (FFPE) sample of a

claim 1, wherein the sample is
cer cells of a patient.

tissue containing c

4. The

normalizing i

method of claim 1, wherein the
conducted by calculating the ratio of the
mean expregsion level compared with at least one
standard ene selected from the group consisting of
CTBP1 (@-terminal-binding protein 1), TBP (TATA-binding
i), HMBS (hydroxymethylbilane synthase), CUL1

), and UBQLN1l (ubiquilin-1).

5. A composition for predicting or diagnosing
the prognosis of breast cancer, the composition

comprising a ©primer pair as an active ingredient,

wheraeln thea Drimner v 1.9 for akt leaast one gene
W-e-te-a-3-1 ) P-Ed-Te- i A5 A & @SSk ! Ferne

a3
Péd

37



10

15

20

25

30

aaloctaod £ rom hao LI aon.cdect .o oFf. TRRO] (T P I |
L= - < A [ i iy T Lo g \j"_ \.A.t./ AP N Al S ite et R e g et il W \_.j o - [ S i W oy \J_ -y P S iy
receptor beta constant 1), BTN3AZ2 (butyrophilin

subfamily 3, member A2), and HLA-DPA1 (maijor

histocompatibility complex, class II, DP alpha 1),
wherein the primer pair 1is capable of amplif

target gene through PCR amplification.

6. A kit for predicting or diagnosing the
prognosis of breast cancer, the kit comprising the

composition of claim 5.

7. A method for calculating /a predictive value
of the prognosis of breast cancer t® provide information
necessary for predicting or diagnésing the prognosis of
a breast cancer patient, the mi}KZd comprising:

(a) isolating mRNA from/@ sample;

(b) measuring the mRNA expression level of at least
one gene selected from the/group consisting of TRBC1l (T
cell receptor beta coq;tant 1), BIN3A2 (butyrophilin,
subfamily 3, member’ A2), and HLA-DPA1 (major
histocompatibility c¢ ﬁ;lex, class II, DP alpha 1);

(c) normalizyéz the mRNA expression level of the
gene; /

(d) inse;ting the normalized value into a pre-
determined caiEulation formula to calculate a numerical
value; and ,

(e)/éétermining the prognosis of breast cancer as
being ggéd or poor depending on the numerical value.

/ /S /'/
/8. The method of claim 7, wherein the measuring

of/ the expression level 1is conducted through PCR

/émplification of a target gene.

s 9. The method of claim 7, wherein the sample is
~35 a—feormatin~fixed—paratfin~embedded—~EFFRE)—sample—cfE—a
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10. The method of claim 7, wherein e
normalizing is conducted by calculating the ratio of/the
mean expression level compared with at 1leas one
standard gene selected from the group consisting of
CTBP1 (C~terminal-binding protein 1), TBP (TAFA-binding
protein), HMBS (hydroxymethylbilane synthase), CULl

(cullin 1), and UBQLNI1 (ubigquilin-1).

11. A method for predicting of diagnosing the

prognosis of breast cancer, the method comprising a step
of using a primer pair to measuririg a mRNA expression
level of a selected gene from /a2 sample of a breast
cancer patient, wherein the primer pair is for at least
one gene selected from the gpbup consisting of TRBC1l (T
cell receptor beta consta 1), BTN3A2 (butyrophilin,
2), and HLA-DPA1 (major

histocompatibility complex, class II, DP alpha 1), and

subfamily 3, member

wherein the primer air 1s capable of amplifying a

target gene through PCR amplification,

12. A primer pair for at least one gene selected
from the group/consisting of TRBC1 (T cell receptor beta
constant 1),/ BIN3AZ (butyrophilin, subfamily 3, member
A2), ani// LA-DPA1 (major histocompatibility complex,

class I14, DP alpha 1), wherein the primer pair 1is

capabl of amplifying a target gene through PCR

amplification.

13. Use of a primer pair for preparing an agent
for predicting the prognosis of breast cancer, wherein
the primer pair 1is for at least one gene selected from
the group consisting of TRBC1I (T cell receptor beta
sEant—)7—BIN3AZ—(butyrophitinr——subfamily—3——member-
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GENETIC MARKER FOR EARLY BREAST CANCER PROGNOSIS PREDICTION
AND DIAGNOSIS, AND USE THEREOF

[Technical Field]

The present application claims priority from Korean
Patent Application No. 10-2013-0043160 filed on April 18 2013,
the disclosure of which is incorporated herein by reference in

its entirety.

The present invention relates to a gene for early-stage
breast cancer prognosis prediction and diagnosis and a use
thereof, and more specifically, to a genetic marker for early-
stage breast cancer prognosis prediction and diagnosis, of
TRBC1 (T cell receptor beta constant 1), BTN3AZ2 (butyrophilin,
subfamily 3, member A2), or HLA-DPAl (major histocompatibility
complex, class II, DP alpha 1), for providing information
necessary for the prognosis prediction and diagnosis of a

breast cancer patient, and to a use thereof.

[Background Art]

As human genome information has been actively utilized,
cancer research has focused on the establishment of mechanisms
at the genome level. Particularly, cancer cell characteristics
can be identified in a macroscopic view, based on information
about expression patterns of tens of thousands of genes or on
the 1increase or decrease 1in the number of genes using
microarrays. This analysis of the genome-level information is
very innovative in understanding organic and complicated life
phenomena, and will be more commonly used. Specifically, in
cases of complex diseases such as cancer, the analysis of a
small number of particular genes 1s likely to obtain narrow
results, and 1t 1s important to capture large behavior
patterns with respect to the occurrence and development of
cancer, and thus genome information analysis is absolutely
necessary. As described above, most of the genome information

that is a basis for cancer research is created using genome



chips such as a microarray, and technologies that can obtain a
lot of information at once are evolving day by day. In spite
of the disadvantages of high costs, research using microarrays
is being actively developed, so the amount of related
information 1is explosively increasing. Since the mid-2000s,
such genome information has started to be collected and made
into a database, and secondary and tertiary analysis using the
information thus obtained is becoming a focal point for the

research of life phenomena.

Tens of thousands of probes indicating approximately
20,000 to 30,000 genes are embedded in general expression gene
chips, and more than one million probes are often embedded in
microarrays that measure precise information, such as SNP.
Methods using these microarrays are very efficient since they
are relatively simple and standardized and a large amount of
information can be obtained at once in a short time, but
analyzing the obtained results is a key point as well as being
a difficult bottleneck. Comprehensive analysis for tens of
thousands of genes incomparable to existing analysis for a
small number of genes must be supported by a brcocad knowledge
of the genome as well as statistical analysis techniques, so
useful information can be eventually obtained. Besides, high-
performance computing equipment capable of storing and
analyzing large amounts of information are needed, and the
related computational techniques are also needed. Meanwhile,
it 1is difficult to perform for the researchers who are
familiar with conventional biological research ranges and
experimental methods, and thus, the methods cannot be
favorably utilized even though genome information increases at
an extraordinary rate in Korea. Considering the domestic
situation with respect to capital and technology research that
are 1insufficient compared with North America and Europe,
actively utilizing known genome information should be at the
head of Dbioinformatics. Genome analysis has been actively

introduced in the research of, particularly, cancers, and a



considerable amount of related-information has been

accumulated.

Breast cancer 1is frequently detected in the early stage
since self-diagnosis 1is possible and the importance of self-
diagnosis is highly publicized. It was difficult to determine
whether early-stage breast cancer patients should be allowed
to receive anticancer treatments after surgery. It 1s possible
to roughly predict a prognosis through pathological
observation, but the observation result 1is difficult to
normalize and quantify, and the reliability on prognosis
prediction is low, and thus, most of early-stage breast cancer
patients are recommended to receive anticancer treatments in
actual clinical practice. Due to the nature of anticancer
treatments, they are very expensive, while the patients suffer
from very serious pains. It 1s estimated that more than half
of early-stage breast cancer patients do not need to receive
anticancer treatments. Therefore, if unnecessary anticancer
treatments are reduced by analyzing the characteristics of the
early-stage breast cancer to predict prognosis of patient, it
may be a great help to increase the quality of life of the
patients. As the information about tens of thousands of breast
cancer gene expression patterns 1s obtained at once using
microarrays, research for classifying breast cancer types at
the molecular 1level and establishing mechanisms of cancer
occurrence and development are being actively conducted. It is
important to predict the prognosis of the early-stage breast
cancer patients in clinical practice. The work of identifying
genes for prognosis prediction using microarrays has already
started 1in the early 2000s. Although research that uses
microarrays 1S expensive, a significant number of breast
cancer tissue expression profiles have been produced and
available to researchers. Starting from the identifying of 70
prognosis prediction genes by analyzing the early-stage breast
cancer tissues and survival data of 78 patients followed up

for 10 years in 2002, a dozen genes for prognosis prediction



genes were then published, and among these genes, several
genes have already been commercialized and used in clinical
practice (Chang, H.Y., et al., Gene expression signature of
fibroblast serum response predicts human cancer progression:
similarities between tumors and wounds. PLoSBiol 2(2): p.
E7(2004); wvan de Vijver, M.J., et al., A gene-expression
signature as a predictor of survival in breast cancer. N Engl
J Med 347(25):1999-2009(2002); van 't Veer, L.J., et al., Gene
expression profiling predicts c¢linical outcome of Dbreast
cancer. Nature 415(6871): 530-536(2002); Wang, Y., et al.,
Gene-expression profiles to predict distant metastasis of
lymph-node-negative primary breast cancer. Lancet 365(9460):
671-679(2005); Buyse, M., et al., Validation and <clinical
utility of a 70-gene prognostic signature for women with node-
negative Dbreast cancer. J Natl Cancer 1Inst, 98(17):1183-
92 (2006); Paik, S., Development and clinical utility of a 21-
gene recurrence score prognostic assay in patients with early-
stage breast <cancer treated with tamoxifen. Oncologist
12{6):631-635(2007); Paik, S., et al., A multigene assay to
predict recurrence of tamoxifen-treated, node-negative Dbreast
cancer. N Engl J Med 351(27) :2817-2826(2004); Sotiriou, C.,
et al., Gene expression profiling in breast cancer:
understanding the molecular basis of histologic grade to
improve prognosis. J Natl Cancer Inst 98(4):262-72(2006);
Pawitan, Y., et al., Gene expression profiling spares early-
stage breast cancer patients from adjuvant therapy: derived
and validated in two population-based cohorts. Breast Cancer
Res 7(6):R953-964(2005); Miller, L.D., et al., An expression
signature for pb3 status 1in human breast cancer predicts
mutation status, transcriptional effects, and patient survival.
Proc Natl AcadSci USA, 102(38):13550-13555(2005); Bild, A.H.,
et al., Oncogenic pathway signatures 1in human cancers as a
guide to targeted therapies. Nature 439(7074):353-357(20006);
Teschendorff, A.E., et al., A consensus prognostic gene
expression classifier for ER positive breast cancer. Genocme
Biol 7(10):R101(2006); Desmedt, C., et al., Strong time



dependence of the 76-gene prognostic signature for node-
negative breast cancer patients in the TRANSBIG mnmulticenter
independent validation series. Clin Cancer Res 13(11): 3207-
3214 (2007) ). Representative examples thereof are MammaPrint
(Agendia) and Oncotype DX (Genomic Health), which are being
currently used in clinical practice. However, they have been
used as one of the references for prognosis (van de Vijver,
M.J., et al., A gene-expression signature as a predictor of
survival in breast cancer. N FEngl J Med 347(25):1999-
2009(2002); Paik, S., et al., A multigene assay to predict
recurrence of tamoxifen-treated, node-negative breast cancer.
N Engl J Med 351(27) :2817-2826(2004)).

Throughout the entire specification, many research papers
and patent documents are referenced and their citations are
disclosed. The disclosure of cited papers and patent documents
are entirely incorporated by reference 1into the present
specification, and the level of the technical field within
which the present invention falls, and details of the present

invention are explained more clearly.

[Detailed Description of the Invention]
[Technical Problem]

The present inventors have endeavored to develop a gene
diagnosis system capable of predicting the prognosis of the
early-stage breast cancer patient and determining whether
anticancer treatment 1is performed on the early-stage Dbreast
cancer patient by using an FFPE sample of the tissue
containing cancer cells of the patient. As a result, the
present inventors have identified genes associated with
prognosis prediction by collecting and analyzing microarray
data and clinical information, which are obtained from the
early-stage breast cancer tissue; selected genes and sets
thereof, which are suitable for the application to the FFPE
sample, among the identified genes; and validated utility of

the selected genes and gene sets, thereby completing the



present invention.

Therefore, an aspect of the present invention 1s to
provide a genetic marker for predicting or diagnosing the

prognosis of a breast cancer patient, and a use thereof.

Another aspect of the present invention is to provide a
novel method for predicting or diagnosing the prognosis of a

breast cancer patient.

Still another aspect of the present invention 1s to
provide a kit for predicting or diagnosing the prognosis of a

breast cancer patient.

Still another aspect of the present invention 1is to
provide a method for calculating a Dbreast cancer prognosis
predictive value in order to provide information necessary for
predicting or diagnosing the prognosis of a Dbreast cancer
patient, the method comprising isolating mRNA from a patient
sample, measuring the gene expression level, normalizing the

gene expression level, and calculating a predictive value.

[Technical Solution]

In accordance with an aspect of the present invention,
there is provided a genetic marker for ©predicting or
diagnosing the prognosis of a breast cancer patient and a use
thereof.

In accordance with another aspect of the present
invention, there is provided a novel method for predicting or

diagnosing the prognosis of a breast cancer patient.

In accordance with still another aspect of the present
invention, there 1s provided a kit for predicting or

diagnosing the prognosis of a breast cancer patient.



In accordance with still another aspect of the present
invention, there 1is provided a method for calculating a
predictive value of the prognosis of breast cancer to provide
information necessary for predicting or diagnosing the
prognosis of a breast cancer patient, the method comprising
isolating mRNA from a patient sample, measuring a gene
expression level, normalizing the gene expression level, and

calculating a predictive value.

In accordance with still another aspect of the present
invention, there is provided a primer pair for at least one
gene selected from the group consisting of T cell receptor
beta constant 1 (TRBC1l), butyrophilin, subfamily 3, member A2
(BTN3A2), and major histocompatibility complex, class 11, DP
alpha 1 (HLA-DPAl), wherein the primer pair 1is capable of
amplifying a target gene through PCR amplification.

In accordance with still another aspect of the present
invention, there 1is provided a use of a primer pair for
preparing an agent for predicting the prognosis of Dbreast
cancer, wherein the primer pair is for at least one gene
selected from the group consisting of TRBC1, BTN3A2, and HLA-
DPAl, and wherein the primer pair 1s capable of amplifying a

target gene through PCR amplification.

Unless defined otherwise, all technical and scientific
terms used herein have the same meanings as are commonly
understood by a person skilled in the art. The following
reference documents provide one of skills that have general
definitions of many terms used herein: Singleton et al.,
DICTIONARY OF MICROBIOLOGY AND MOLECULAR BIOLOTY (2ded.1994);
THE CAMBRIDGE DICTIONARY OF SCIENCE AND TECHNOLOGY
(Walkered.,1988) ; and Hale &Marham, THE  HARPER COLLINS
DICTIONARY OF BIOLOGY.

Hereinafter, the present invention will be described in



more detail.

The present invention provides a genetic marker for
predicting or diagnosing the prognosis of a breast cancer
patient and a use thereof. More specifically, the present
invention provides a genetic marker of T cell receptor beta
constant 1 (TRBCl), butyrophilin, subfamily 3, member A2
(BTN3A2), or major histocompatibility complex, class II, DP
alpha 1 (HLA-DPAl), for predicting or diagnosing the prognosis
of breast cancer, especially, early-stage breast cancer. In
addition, the present invention provides a method for
predicting the prognosis of Dbreast cancer, the method
comprising: (a) isolating mRNA from a sample; (b) measuring
the mRNA expression level of at least one gene selected from
the group consisting of T cell receptor beta constant 1
(TRBC1), butyrophilin, subfamily 3, member A2 (BTN3A2), and
major histocompatibility complex, class II, DP alpha 1 (HLA-
DPAl); and (c) normalizing the mRNA expression level of the
gene, wherein the overexpression of the gene is determined as

indicating good prognosis.

Herein, T cell receptor beta constant 1 (TRBC1),
butyrophilin, subfamily 3, member A2 (BTN3A2), or major
histocompatibility complex, class II, DP alpha 1 (HLA-DPAL)
may serve as a genetic marker in the present invention. They
may be used for predicting or diagnosing the prognosis of
carly-stage breast cancer by being independently selected, or
by a combination of two or three genes. Each gene may be a
sequence thereof known in the art or a sequence of the synonym
thereof, and preferably a sequence thereof derived from a
human being. More preferably, TRBCl may be Genbank Accession
No. BC030533.1; BTN3AZ may  be Genbank  Accession No.
NM 007047.3; and HLA-DPA1l may be Genbank Accession No.
NM 001242524.1, NM 001242525.1, or NM 033554.3. The synonym
and the sequence of each gene may be searched in Genbank or

Swissprot.



Herein, the breast cancer may be an invasive breast
cancer, or breast cancer stage I, II, or III. Herein, the

breast cancer may be estrogen receptor positive (ER+).

As used herein, the term “prognosis” refers to symptoms
in the future or prospects of progress determined by disease
diagnose. The prognosis 1in cancer patients generally means
whether or not the cancer is metastatic within a certain
period or the survival period after the occurrence of cancer
or the surgical procedure. The prediction of prognosis (or the
diagnosis of prognosis) presents clues for future direction of
breast cancer treatment, especially, including whether
chemotherapy treatment 1is performed on early-stage breast
cancer patients, and thus 1s a very important clinical
challenge. The prediction of prognosis includes predictions of
the response of patients to disease therapeutic agents and

therapeutic progress.

Herein, the sample may be a breast cancer tissue of a
breast cancer patient. The breast cancer tissue may contain
some normal cells, and may preferably be a formalin-fixed
paraffin-embedded (FFPE) sample of the breast cancer tissue

including cancer cells of the patient.

The marker for predicting or diagnosing the prognosis of
breast cancer according to the present invention may be
detected through polymerase chain reaction (PCR) amplification
of a target gene. The detection of the target gene according
to the present invention is preferably a detection of the
expression level of the target gene, and more preferably a
quantitative detection of the expression level of the target
gene. For the detection of the expression level, the isolation
of mRNA in the sample tissue and the synthesis of c¢DNA from
the mRNA may be needed. For the isolation of mRNA, the

isolation methods of mRNA from a sample, which are known in



the art, may be employed, and since the sample is preferably
an FFPE sample, the isclation methods of mRNA, which are
appropriate for the FFPE sample, may be employed. For the
synthesis of cDNA, the c¢DNA synthesis methods using mRNA as a
template, which are known in the art, may be employed.
Preferably, the detection of the marker for predicting or
diagnosing the prognosis of breast cancer according to the
present invention is a quantitative detection of the mRNA
expression in the FFPE sample, and thus may be the detection
by the isolation method of mRNA and the reverse transcription
quantitative polymerase chain reaction (RT-gPCR) method with

respect to the FFPE sample.

Herein, the detection may be a measurement of the mRNA
expression level. The measurement of the expression level may
be conducted using the methods known in the art, but may be
conducted by an optical guantitative analysis system using a
probe labeled with a reporter fluorescent dye and/or a
quencher fluorescent dye. The measurement may be conducted
using a commercially available system, for example, ABI PRISM
7700™ Sequence Detection System™, Roche Molecular
BiochemicalsLightcycler, and an operating system affiliated
therewith, such as software. The measurement data may be
expressed as a measurement value or a threshold cycle (Ct or
Cp) . The point in which the measured fluorescent value is
first recorded as being statistically significant is defined
as the threshold cycle. The threshold cycle 1s inversely
proportional to the value at the beginning in which targets of
detection are present as a template of PCR, and thus the lower
threshold cycle value indicates the presence of the

guantitatively increased targets of detection.

Meanwhile, the present invention provides a composition
for predicting or diagnosing the prognosis of breast cancer,
the composition comprising a primer pair as an active

ingredient, wherein the primer pair is for at least one gene

10



selected from the group consisting of TRBC1l, BTN3A2, and HLA-
DPAl, and wherein the primer pair 1s capable of amplifying a

target gene through PCR amplification.

As used  herein, the term ‘“primer” refers to an
oligonucleotide, and the primer may act as an initial point of
synthesis in the condition where the synthesis of the primer
extension products that are complementary to a nucleic acid
chain (template) is induced, that 1is, the presence of
nucleotides and polymerases such as DNA polymerases, and
appropriate temperature and pH. Preferably, the primer is
deoxyribonucleotide, and has a single chain. The primer used
herein may include naturally occurring dNMPs (that is, dAMP,
dGMP, dCMP, and dTMP), modified nucleotides, or non-naturally
occurring nucleotides. Also, the primer may include

ribonucleotides.

The primer of the present invention may be an extension
primer that is annealed to a target nucleic acid to form a
sequence complementary to the target nucleic acid by template-
dependent nucleic acid polymerase. The extension primer is
extended to a site at which an immobilized probe 1is annealed,

and thus occupies the site at which the probe is annealed.

The extension primer used herein 1includes a hybrid
nucleotide sequence complementary to the first site of the
target nucleic acid. The term “complementary” refers to being
sufficiently complementary such that primers or probes are
selectively hybridized with the target nucleic acid seqguence
under predetermined annealing or Thybridizing conditions,
encompassing the terms “substantially complementary” and
“perfectly complementary”, and means preferably “perfectly
complementary”. As used herein, the term “substantially
complementary sequence” 1in conjunction with the primer
sequence, means including the sequence that 1s partially un-

identical to the sequence of the comparative target within the

11



range 1in which the sequence 1is annealed to a particular
sequence to serve as a primer, as well as the perfectly

identical sequence.

The primer needs to be long enough to prime the synthesis
of extension products in the presence of polymerases. The
appropriate length of the primer varies depending on several
factors, such as temperature, field of application, and primer
source, but the primer generally has 15~30 nucleotides. Short
primer molecules generally require lower temperatures in order
to form sufficiently stable hybrid complexes together with
templates. The term “annealing” or “priming” refers to the
apposition of oligodeoxynucleotide or nucleic acid to the
template nucleic acid, and the apposition enables the
polymerase to polymerize nucleotides to form a nucleic acid
molecule, which is complementary to the template nucleic acid

or a portion thereof.

The sequences of primers do not need to have a perfectly
complementary sequence to some sequences of templates. The
primers are good enough so long as they have sufficient
complementarity within the scope in which they can perform
their inherent actions through hybridization with the template.
Therefore, the primer of the present invention does not need
to have a perfectly complementary sequence to the foregoing
nucleotide sequence as a template. The primers are good enough
so long as they have sufficient complementarity within the
scope in which they can perform their actions through
hybridization with the gene sequence. This design of the
primers may be easily carried out by a person skilled in the
art with reference to the foregoing nucleotide sequences. For
instance, the design of the primers may be carried out using

computer programs for primer design (e.g., PRIMER 3 program).

The present invention provides a kit for predicting or

diagnosing the prognosis of breast cancer, the kit comprising

12



the primer pair. The kit of the present invention may further
comprise tools and/or reagents known in the art which are used
for PCR, RNA separation in samples, and ¢DNA synthesis, in
addition to primer pairs allowing PCR amplification of TRBCI,
BTN3A2, and/or HLA-DPAl. The kit of the present invention may
further comprise, 1f necessary, tubes which are to be used to
mix respective components, well plates, instruction manuals

describing how to use, or the like.

The present invention provides a method for calculating a
predictive value of the prognosis of breast cancer to provide
information necessary for ©predicting or diagnosing the
prognosis of a breast cancer patient, the method comprising:

(a) isoclating mRNA from a sample;

(b) measuring the mRNA expression level of at least one
gene selected from the group consisting of T cell receptor
beta constant 1 (TRBC1l), butyrophilin, subfamily 3, member A2
(BTN3A2), and major histocompatibility complex, class II, DP
alpha 1 (HLA-DPAl);

(c) normalizing the mRNA expression level of the gene;

(d) inserting the normalized value into a predetermined
calculation formula to calculate a numerical value; and

(e) determining the breast cancer prognosis as being
good (favorable) or poor (unfavorable) depending on the

numerical wvalue.

The present invention also provides a method for
calculating a predictive value of the prognosis of breast
cancer to provide information necessary for predicting or
diagnosing the prognosis of a Dbreast cancer patient, the
method comprising:

(a) isolating mRNA from a sample of the breast cancer
patient;

(b) measuring the mRNA expression level of at least one
gene selected from the i-gene group consisting of TRBC1 (T

cell receptor beta constant 1), BTN3AZ2 (butyrophilin,
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subfamily 3, member A2), and HLA~DPA1l (major
histocompatibility complex, class II, DP alpha 1), and the
mRNA expression level of at least one gene selected from the
p-gene group consisting of AURKA (Aurora Kinase A), CCNB2
(Cyclin B2), FOXM1 (Forkhead box protein M1), MMP11 (Matrix
Metallopeptidase 11), PTTGl (Pituitary Tumor-Transforming 1),
RACGAP1 (Rac GTPase Activating Protein 1), RRM?2
(Ribonucleotide Reductase MZ), TOP2A (Topoisomerase I1 Alpha)
and UBE2C (Ubiquitin-Conjugating Enzyme E2C);

(c) normalizing the mRNA expression level of the geﬁe;
and

(d) calculating a predictive value of the prognosis of
breast cancer by combining the normalized wvalue of the gene,

wherein the predictive value indicates the prognosis of

breast cancer as being good or poor.

Herein, the expression 1level of the target gene for
detection needs to be normalized since the overall gene
expression level may vary depending on the target patient or
sample. The normalization is made through the difference in
the expression of the gene, which can indicate the difference
from the basic expression level, and preferably, the
normalization may be carried out by measuring the expression

levels of one to five genes selected from C-terminal-binding

protein 1 (CTBP1), TATA~binding protein (TBP),
hydroxymethylbilane synthase (HMBS), «cullin 1 (CUL1l), and
ubiquilin-1 (UBQLN1l) (or the mean of expression levels of

selected multiple genes), and calculating the ratio thereof.

‘ Meanwhile, the present invention provides a method for
breast cancer prognosis prediction and diagnosis, the method
comprising a step of using a primer pair to measure the mRNA
expression level of a selected gene from a sample of a breast
cancer patient,

wherein the primer pair is for at least one gene selected
from the group consisting of TRBC1l, BTN3A2, and HLA-DPAl and
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wherein the primer pair is capable of amplifying a target

gene through PCR amplification.

Furthermore, the present invention provides a primer pair
for at least one gene selected from the group consisting of
TRBC1, BTN3A2, and HLA-DPAl, wherein the primer pair 1is
capable of amplifying a target gene through PCR amplification.

Still furthermore, the present invention provides a use
of a primer pair for preparing a preparation for predicting
the prognosis of breast cancer, wherein the primer pair is for
at least one gene selected from the group consisting of TRBCI1,
BTN3AZ, and HLA-DPAl, and wherein the primer pair is capable
of amplifying a target gene through PCR amplification.

The following references are made in the above-mentioned
nucleotide and protein works (Maniatis et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, N.Y.(1982); Sambrook et al., Molecular
Cloning: A Laboratory Manual, 2d Ed., Cold Spring Harbor
Laboratory Press(1989); Deutscher, M., Guide to Protein
Purification Methods Enzymology, vol. 182. Academic Press.
Inc., San Diego, CA(1990); Ausubel et al., Current Protocols
of Molecular Biology, John Wiley and Sons (1997); Rupp and
Locker, Lab 1Invest. 56: Ao7 (1987); De Andres et al.,
BioTechnigues 18: 42044 (1995); Held et al., Genome Research
6:986-994 (1996); T.E. Godfrey et al. J. Molec. Diagnostics 2:
84-91 (2000); K. Specht et al., Am. J. Pathol. 158: 419-29
(2001)) .

[Advantageous Effects]

Accordingly, the present invention provides a genetic
marker for predicting or diagnosing the prognosis of early-
stage breast cancer. The genetic marker of the present
invention enables the prediction or diagnosis of the prognosis

of a breast cancer patient, and thus can be favorably used to
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present clues for the future direction of breast cancer
treatment, including the determination on whether anticancer

treatment i1s needed.

[Brief Description of the Drawings]

FIG. la schematically shows a normalization procedure by
curation and pre-processing of microarray data of breast
cancer tissue. FIG. 1b schematically shows an identification

procedure of prognostic genes in the discovery dataset.

FIG. 2 shows validation results of the prognostic model
(frozen samples) in the discovery dataset. FIG. 2a shows that
prognostic indexes of all patients using the prognostic model
(frozen samples) were divided into four and classified into
four prognostic groups, and the separation of the observed
survival probability of each prognostic group was verified.
The observed survival probability was compared with the
predicted survival probability. FIG. 2b shows that observed
survival probabilities were compared with predicted survival
probabilities using the prognostic models in overall patients.
FIG. 2c shows that overall patients were divided into four
groups with respect to the most influential p.mean, and then
the concurrence between the observed survival probability and
the predicted survival probability by the prognostic model
(frozen samples) 1in each group was verified. FIG. 2d shows
that the concurrence between the observed survival probability
and the predicted survival probability with respect to 5-year

survival probability was verified.

FIG. 3 shows validation results of the prognostic model
(frozen samples) in validation set 1. The validation method
was the same as that in the discovery dataset. FIG. 3a shows
validation results on the determination, and FIG. 3b shows
validation results on the calibration of the overall time
period of observation. FIG. 3c shows validation results on the

calibration of 5-~year survival probability.
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FIG. 4 shows wvalidation results of the prognostic model

(frozen samples) in validation set 2. The validation method
was the same as that in the discovery dataset. FIG. 4a shows
validation results on determination, and FIG. 4b  shows

validation results on calibration of the overall time period
of observation. FIG. 4c shows wvalidation results on the

calibration of 5-~year survival probability.

FIG. 5 shows validation results of the prognostic model
(frozen samples) in validation set 3. The validation method

was the same as that in the discovery dataset.

FIG. 6 shows correlation measurement results between FFPE
sample (siemens, vertical axis)/frozen sample (horizontal axis)
with respect to selected p-gene, and gene names and

correlation values (cor) are shown, respectively.

FIG. 7 shows correlation measurement results between FFPE
sample (siemens, vertical axis)/frozen sample (horizontal axis)
with respect to selected 1i-gene, and gene names and

correlation values (cor) are shown, respectively.

[Mode for Carrying Out the Invention]
Hereinafter, the present invention will be described in

detail with reference to the following examples.

However, the following examples are merely for
illustrating the present invention and are not intended to

limit the scope of the present invention.

For examples in the present specification, the
disclosures of Korean Patent Application Publication No. 10-
2012-0079295 and PCT Publication No. W02012093821A2 are
entirely incorporated into the present specification by

reference, and the level of the technical field to which the
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present pertain and the details of the present invention are

explained more clearly.

<Methods>

Collection of expression profile in early-stage breast

cancer tissue

Expression profiles and <clinical information obtained
using frozen cancer tissues of early-stage Dbreast cancer
patients were collected from open database GEO
(http://www.ncbi.nlm.nih.gov/geo) . Each of a total nine
independent expression profile sets was a relatively big
dataset composed of 100 or more samples, and was made in order
to conduct researches on prognosis of early-stage breast
cancer patients (2, 4, 9, 10, 13, 25, 32, 33). Of these, eight
datasets were made using microarray platform, Affymetrix UL33A,
and the other one dataset was manufactured using Agilent Hu25K.
In most cases, important c¢linical information (age, sex,
cancer size, cancer metastasis state, and degree of cancer
differentiation) and survival information of patients were
collected together. Of the eight datasets made by Affymetrix
U1l33A, six datasets included survival information about
distant metastasis (distant metastasis free survival), and the
other two datasets included survival information about overall
survival. Agilent data included survival information about
distant metastasis. Survival analysis on the base of whether
distant metastasis occurred or not was performed based on the
facts that distant metastasis is the most decisive event in
deciding prognosis, the distant metastasis is determined by
unique characteristics of cancer, and the largest number of
patients had information on the distant metastasis in the
collected data. Through comparision of the collected
information of all patients, the expression profiles of
duplicated 186 cases were removed, and a total of 1,861 unique
cases were researched. With respect to seven datasets made by
the same platform (Affymetrix U133A), raw files (.CEL) of the
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expression profiles of corresponding patients were combined
together, and then normalized. The normalization was conducted
by the rma method (background correction: rma, normalization:
gquantile, summarization: medianpolish). For the normalization,
custom CDF (http://brainarray.mbni.med.umich.edu/Brainarray/)
ENTREZG version 13 developed by Manhong Dai et al., was used
(34). After the normalization, the expression level of each
probe was converted from the one-color expression level into,
for example, the two-color expression level by subtracting the
mean value of each probe in the discovery dataset. Of the
total eight normalized dataset, five datasets were combined
together, and then used as the discovery dataset, while two
datasets were separately combined, and then used as validation
dataset 1, and the other dataset was used as validation
dataset 2. Agilent dataset was also used as validation dataset
3.

Prognosis of patients and definition of ER status

In order to identify genes associated with prognosis of
patients, the collected patients were classified into a good
(favorable) prognostic group and a poor (unfavorable)
prognostic group. In general clinical practice, five-year
survival or metastasis information is used for such a
classification. In other words, the prognosis 1s poor if
metastasis or death occurs within five vyears, and the
prognosis is good if metastasis or death does not occur within
five years. The distribution of survival times of metastatic
patients was 1investigated using patient information in the
discovery dataset. About 73% or more of the metastatic
patients had metastasis within 5 years, and less than 7% of
them had metastasis after 10 years. Based on this fact, among
patients 1in the discovery dataset, 217 patients who had
metastasis within five vyears were classified as the “poor
prognostic group”, while 281 patients who had no metastasis
for ten years or longer were classified as the “good

prognostic group”. As a result of classification, the median
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survival time of the good prognostic group was 2.4 vyears,
while the median survival time of the poor prognostic group
was 12.9 years. Error due to unreliable survival information
could be minimized by clearly dividing the poor prognostic
group and the good prognostic group. The expression or not of
the estrogen receptor (ER) 1is the most commonly used criterion
when breast cancer patients are classified by subtypes. In
clinical practice, the Dbreast cancer patients are classified
into ER+ and ER- through ER immunchistochemistry (IHC) readout
results by pathologists. Considering that about 200 patients
had no ER IHC information in the collected discovery dataset,
and the determination of ER IHC was made for each of five
datasets constituting the discovery dataset, independently,
the ER status was determined using the mRNA expression level
of ESR1 gene in the expression profile for each patient. For
the patients having ER IHC information, region of convergence
(ROC) analysis was conducted using the ER IHC information and
the ERS1 mRNA expression level. Through a comparison between
the ER TIHC results and the ERS1 mRNA expression level, the
cutoff for ER status was determined at the point where the
accuracy was highest (accuracy=0.88). The cases showing higher
expression levels than the cutoff were classified as ER+, and
the cases showing lower expression levels than the cutoff were
classified as ER-. In the discovery dataset, 864 patients were

designated as ER+ and 240 patients as ER-.

Selection of prognostic genes

The good prognosis group was defined as ER+, and the poor
prognosis group was defined as ER- in the discovery dataset.
275 patients had good prognosis, while 218 patients had poor
prognosis. Through significant analysis of microarray (SAM),
genes showing a difference in the expression level among the
prognostic groups were investigated. By using the g-value of
the SAM analysis results, overexpressed genes 1in the good
prognosis group and the poor prognosis group were selected. As

a result of combining the selected genes, a total of 302 gene

20



sets that were not duplicated have been made, and a cluster
analysis for identifying expression patterns of these genes
was conducted using the principal component analysis (PCA)
method. Two principal components were selected, and in order
to investigate biological functions related to each principal

component, GO function analysis was performed for each cluster.

As a result of GO analysis, principal component 1 was
shown to concentrate on the proliferation, whereas principal
component 2 was shown to concentrate on the immune response.
From genes belonging to two principal components involved in
the proliferation and the immune response, genes showing the
highest expression level between two prognosis groups were
selected, respectively. The genes of the respective gene sets
are named as ©p-gene in view of representing expression
patterns of the ©proliferation and i-gene in view of
representing expression patterns of the immune response,

respectively.

Configuration of prognostic model using parametric

survival analysis

Regression analysis in which expression levels of p-gene
and 1-gene were covariates was performed using the accelerated
failure time (AFT) model of parametric survival models. Four
p-genes were converted into p.mean by calculating the mean
value for each patient, and five i-genes were also converted
into i.mean by calculating the mean wvalue of each patient

before application. AFT model is specified as:

Ti = Toexp(Bixi + BaXa + * * = + BgXq) €1 (1)

wherein, T; is the survival time of the i-th object; Ty is the
baseline survival time; Xi 1s the vector of the covariates (j=1,
2, ., aqO); B is the coefficient of corresponding covariates;
and ¢ is the error. In this model, the covariates

synergistically influence the baseline survival time, and thus
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this model is called the accelerated failure time (AFT) model
in the industries in which this model is frequently used. The
synergistic effect on the survival time, ®=0:x1 + P2x2 + .. + BgXg
is called the acceleration factor. Where the natural logarithm

in Equation (1) is calculated,
lOgTi = lOgTQ +Ble + (32X2 + e+ quq+ S*(Z) .

Thus, the AFT model has the same form as the general
linear regression model. However, since the dependent variable
log T does not normally distribute and the survival analysis
data always includes censored cases, which are not permitted
in the linear regression model, Egquation (2) cannot be
processed 1like in the 1linear regression model. Since the
distribution of e° of Equation (2) may vary for different
datasets, unlike where the normal distribution is assumed in
the linear regression model, the practical statistical
processing is inconvenient. In order to overcome this, logTg

and ¢ are modified, and expressed as follows:
1logTi = logTo +Bixa + BaXza + * = = + PBgXqt OW (3)

wherein W follows the distribution of logT, and the variance
thereof is fixed as the value of the normalized distribution.
Here, o 1s the constant as the scale parameter, and the value

thereof is determined depending on the dataset.

Various candidate prognostic models were fit to Weibull,
loglogistic, and lognormal distributions, using AFT model, and
then the most appropriate model was selected. For the risk
distribution for AFT model, the hazard function, which can be
obtained by creating the generation life table of survival
information in the discovery dataset, was used. Since the
hazard function obtained by the generation life table is shown
to have a unimodal form, it was predicted that the Weibull,

loglogistic, and lognormal distributions would be well
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appropriate. The final model was selected in consideration of

Akaike's information criterion (AIC) and the R square (R2).

Validation of prognostic model

The performances of the selected model were assessed
according to their “calibration” and “discrimination” aspects.
“Calibration” is the degree of concurrence between the
predicted survival probability produced by the prognostic
model and the actually observed survival probability, and
“Discrimination” is the ability of the prognostic model to
correctly separate the given patient group into different
prognostic groups. Herein, the actually observed survival
probability refers to the wvalue obtained by Kaplan-Meier
method. The AFT-based prognostic model was used to obtain
survival probabilities of all time zones for each patient. The
survival probability predicted by the model was compared with
the survival probability by Kaplan-Meier method. In order to
obtain the predicted survival probabilities for the overall
time period like in Kaplan-Meier, survival probability curves
of all patients were obtained by calculating the mean survival
probability for each time zone from 0 to 25 years by the 0.1
year unit. Together with the comparison of survival
probability for the overall survival time, the b-year survival
probability was also compared. The b5-year predicted survival
probability of patients produced by using the prognostic model
in the given dataset was compared with, as the observed value,
the 5-year survival probability calculated by using Hare which

is the hazard regression analysis.

For “discrimination", the prognostic indexes of all
patients in the given dataset were divided into four sections,
and survival probabilities of patients for the respective
sections were compared by the KM graph. The prognostic index
is the dependent variable in the survival model. The more
clearly the KM graphs of the four prognostic groups are

separated, the better the discrimination power of the model.
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Both “calibration” and “determination” for the discovery
dataset and three 1independent validation datasets were

investigated.

Important R packages used 1in statistical analysis are as
below:

affy: pre-processing of .CEL files using rma algorithm

samr: identifying genes showing the difference in the
expression level between prognostic groups

GOstats: investigating function associated with selected
gene set

KMsurv: creating a life table using survival data of the
discovery dataset

rma: estimating coefficients of prognostic model using

AFT model and conducting calibration on the model.

Selection of gene sets applicable to FFPE sample
RNA extracted from formalin-fixed paraffin embedded (FFPE)

tissues and samples has not been accepted in the expression

analysis due to many procedures causing the obstruction to RNA
stability, such as immobilization causing <cross-linking
between tissues in the treatment process of tissues or samples.
Herein, 1in order to develop a method for breast cancer
prognosis prediction, suitable for FFPE samples, based on the
actual breast cancer treatment procedure, gene sets were
selected by placing a higher priority on genes having higher
interqurtile ranges (IQR) and genes having higher mean
expression levels in the order of higher degree of
contribution, from p-genes (proliferation-related gene set)

representing the expression pattern of proliferation and i-

genes (immune response-related gene set) representing the
expression pattern of the immune response, which were obtained
according to the principal component analysis and function
analysis with respect to the principal component analysis (GO

function analysis or GO analysis).
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As used herein, several genes having the same pattern in
p-gene and i-gene were selected since the microarray data has
a limitation in measuring accurate expression levels and the
mean expression level for several genes rather than the
expression level of one gene representing the pattern can

represent the actual expression pattern better.

Measurement of gene correlation between FFPE sample and

Frozen sample and selection of genes

27 types of FFPE and frozen samples collected from the
same patients were secured, and RNA was extracted from the
FFPE or frozen samples by the RNA extraction method. The
expression levels of 32 types of genes selected were measured

by using the extracted RNA as a template.

The gene expression levels need to be normalized due to
the difference thereof between individuals. Therefore, the
expression levels of five genes selected as a normalization
gene, that is, of C-terminal-binding protein 1 (CTBP1l), TATA-
binding protein (TBP), hydroxymethylbilane synthase (HMBS),
cullin 1 (CUL1), and ubiquilin-1 (UBQLN1l), were normalized,
and then the gene expression correlation between FFPE sample

and frozen sample was measured.

Based on the correlation measurement results and the
expression level results for each gene, the genes that have a
high correlation rate and various gene expression
distributions between samples were finally selected as highly
reliable genes for early-stage Dbreast cancer prognosis

prediction.

<Results>

Selection of prognostic genes for prognostic model

Five independent breast cancer datasets composed of
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expression profiles of early-stage breast cancer tissue were
pooled into a discovery dataset of 1,104 samples. All patients
did not receive chemotherapy, while most of them have little
metastasis to axillary lymph nodes (NO or N-), or have early-
stage breast cancer (lst stage or 2nd stage). Among them, 1072
patients with information about distant mwmetastasis were
subjected to statistical analysis. In order to find genes
associated with prognosis, expression profiles of the good
prognostic group (having no metastasis for more than 10 years)
and the poor prognostic group (having metastasis within 5
years) were compared. 182 genes showing high expression levels
were selected from the good prognostic group, and 120 genes
showing high expression levels were selected from the poor

prognostic group (results not shown, FDR<0.001).

Principal component analysis was performed on the
expression levels of the selected 302 genes. GO function
analysis was performed on principal component 1 and principal
component 2. Principal component 1 was definitely associated
with the proliferation, while principal component 2 was
strongly associated with the immune response. Based on this
result, genes Dbelonging to principal components 1 and 2 were
selected, respective, and thus the prognostic model was

allowed to reflect the two expression patterns.

Nine genes that were not only associated with the
prognosis but also had the largest expression difference among
the groups were selected. The gene selected from principal
component 1 representing the proliferation is named p-gene,
and the gene selected from principal 2 representing the immune

response 1s named i-gene.

Comparison between ER+ Breast Cancer and ER- Breast

Cancer
It is known that the expression or not of the estrogen

receptor (ER) 1is closely associated with the occurrence and
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development of breast cancer. Two functions shown in the genes
selected in association with prognosis, that is, proliferation
and lmmune response are interestingly noticed in the mechanism
of cancer. ER- breast cancer was compared with FER+ breast
cancer using the selected 16 genes (p-genes and i-genes). 1In
order to display the intensity of each function, the p-genes
and i-genes were stratified into three stages (pl, p2, p3 or
il, 12, 13) according to the expression level. Here, pl was a
p-gene group showing the lowest expression level, and was
assumed to make the slowest proliferation; p3 was a p-gene
group showing the highest expression level, and was assumed to
make the highest proliferation; and p2 was a p-gene group
showing a moderate expression level, and was assumed to make a
moderate level of proliferation. As used herein, il was an 1i-
gene group showing the lowest expression level, and was
assumed to make the weakest immune response; i3 was an i-gene
group showing the highest expression level, and was assumed to
make the strongest immune response; and 12 was considered to
show a moderate expression level, and was assumed to do a

moderate level of activity.

1,072 cases in the discovery dataset were classified
according to the expression levels of p-gene and i-gene, and
the intensity of each function according to the ER status was
investigated. The proportion of p3 type indicating very active
proliferation was higher in ER- breast cancer than in ER+
breast cancer. About 62% of ER- breast cancer cases showed
very high p-gene expression levels (p3), while only 18% of ER+
breast cancer cases showed high p-gene expression levels,
which supported the previously reported fact that ER- breast
cancer tends to be more aggressive than FER+ breast cancer.
About 35% of ER+ breast cancer cases showed weak p-genes (pl),
while the proportion of pl was only 9% in ER- breast cancer
cases. The active immune response function 1is another
characteristic of ER- breast cancer, and 38% or more of ER-

breast cancer cases showed very high i-gene expression levels
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(13). Whereas, only 21% of ER+ breast cancer cases showed high
i-gene expression levels. It was observed that more active
proliferation led to more active immune response in both ER+
and ER-, while ER- breast cancer showed a much more active

immune response.

Besides, 1t was observed that the differentiation grade
of the breast cancer was also closely related with the
proliferation. Generally, poorly differentiated breast cancer
(G3) showed a fast proliferation, whereas well-differentiated
breast cancer (Gl) showed a slow proliferation. It was
observed that the prognosis of patients was also correlated
with the proliferation. It was observed that more poor
prognostic patients having metastasis within five years were

concentrated in the group with a fast proliferation.

In summary, it was found that ER- breast cancer was more
active than ER+ Dbreast <cancer 1in view of Dboth the
proliferation and the immune response, and 1t was supposed
that the expression level of ER influences the mechanisms of

occurrence and development of breast cancer.

Establishment of prognostic model

The AFT prognostic model of early-stage breast cancer
patient metastasis was created using survival information of
the discovery dataset and the selected p-genes and i-genes.
The generation life table on a yearly basis was created using
the survival information of the discovery dataset, and the

degree of hazard was roughly calculated.

Since the probability of death obtained by the generation
life table is shown to have a unimodal form, it was predicted
that the Weibull, loglogistic, and lognormal distributions
would be well appropriate. The covariates to be included in
the prognostic model are p.mean and i.mean. p.mean is the mean

in the p-genes, and i.mean is the mean in the i-genes.
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As a result of applying three models to the Weibull,
loglogistic and lognormal distributions, the lognormal
distribution was most appropriate. The final model following
the lognormal distribution was selected using Akaikes

information criterion (AIC).

log(T)= -0.689 x p.mean + 0.274 x 1i.mean + 3.219

According to the above estimated model, the p.mean, that

is, the proliferation has a negative correlation (-0.689, p
value = 2.47 x e'’) with the survival time (T), and thus, more
active proliferation shortens the survival time. On the

contrary, the i.mean has a positive correlation (0.274, p
value = 3.69 x e'') with the survival time, which indicates
that a more active immune response lengthens the survival time.
It could be concluded from the above estimated factors that
proliferation plays a decisive role 1in the breast cancer
prognosis, and more active proliferation leads to poor
prognosis, while the i1mmune response acts as a defense

mechanism against fast proliferation.

Validation of prognostic model

The performances of the prognostic model, which was
created using expression profiles for 1,072 early-stage breast
cancer patients 1in the discovery dataset, were validated
according to “calibration” and “discrimination” aspects. Here,
the “calibration” 1is the degree of concurrence between the
predicted survival probability produced through the model and
the actually observed survival probability. The actually
observed survival probability refers to the survival
probability obtained wusing the Kaplan-Meier method. In
addition, the “discrimination” is the ability of the model to
correctly separate the patients into different prognostic
groups. Validations for the two performances were performed on

the discovery dataset developing the model and three
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independent validation datasets.

In the discovery dataset developing the prognostic model,
the prognostic indexes (PI) were divided into four and
classified into four prognostic groups. The survival
probabilities observed in the four prognostic groups
classified by the prognostic index were compared using the KM
graph. As a result, it could be seen that four prognostic
groups were very well classified, and the predicted survival
probability corresponded well with the observed survival

probability for each prognostic group.

The KM survival probability and the predicted survival
probability produced by the prognostic model were compared
with each other using the graph. The survival probabilities
for all time zones of all patients were obtained in the
prognostic model, and thus, in order to obtain the survival
probability curve for the overall time period 1like the
survival curve of KM, survival probability curves were drawn
using the mean survival probability for each time zone (from 0O
to 25 year, 0O.l-year interval) of each patient. The predicted
survival probability was slightly higher than the KM survival
probability, but they are similar as a whole. 1In addition to
the comparison of survival ©probability for the overall
survival time, the comparision of 5-year survival probability
was also conducted. The 5-year survival probability predicted
by the model was similar to the actually observed 5-year
survival probability. Particularly, as the predicted survival
probability was higher, the concurrence between the predicted

probability and the observed survival probability was stronger.

For more objective wvalidation, the prognostic model was
validated using three independent wvalidation datasets. The
first wvalidation dataset was ©obtained by combining two
datasets generated by Affymetrix U133A platform. The second

validation dataset was the dataset generated by Affymetric
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Ul33A platform, and all were ER+ patients taking tamoxifen for
five years. The third validation dataset was the dataset that
was used to identify and validate 70 prognostic genes
(currently, commercialized as MammaPrint) and generated by
Agilent Hu25K platform. Validation datasets 1 and 2 were
generated by the same platform as in the discovery dataset,
Affymetrix U133A, and the expression levels thereof were
normalized together with the discovery dataset. Validation
datasets 1 and 2 were assessed in terms of calibration and
discrimination aspects, while wvalidation datasets 3 was
assessed in terms of only the discrimination aspect due to the

normalization of expression levels.

Selection of gene sets applicable to FFPE sample

32 types of genes were selected by placing a higher
priority on genes having higher interqurtile ranges (IQR) and
genes having higher mean expression levels in the order of
higher degree of contribution, from 182 genes showing high
expression levels in the good prognostic group and 120 genes
showing high expression levels in the poor prognostic group in

the discovery dataset of 1,104 samples.

Measurement of gene correlation between FFPE sample and

Frozen sample and selection of genes

For the measurement of correlation between FFPE sample
and frozen sample, samples that secure both FFPE sample and
frozen sample from patients or their cancer tissues are needed.
With respect to 27 pairs of FFPE and frozen samples thus
obtained, the expression levels of 32 types of the selected
genes and the correlation between FFPE and frozen samples were
measured. Based on the measurement results, genes that have a
high correlation rate and various gene expression
distributions among samples were found 12 types in p-genes and
15 types in 1i-genes, which were selected as highly reliable

genes for early-stage breast cancer prognosis prediction.
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Among the selected genes above, 9 types of p-genes and 6
types of 1-genes were selected as genes to be included in the

kit for prognosis prediction.

The correlation measurement results for the respective
genes are shown in FIGs. 6 and 7. In each drawing, the solid
line represents the equivalent value of the horizontal axis
and the vertical axis (slope: 1, that is, the 1line that
connects values of which the horizontal axis value 1is

identical to the vertical axis wvalue).

Meanwhile, among the respective genes, the expression
levels of TRBC1, BTN3A2, and HLA-DPAl were significantly
different between the good prognostic group and the poor
prognostic group. Through the above analysis, it could be
concluded that the expression of TRBC1, BTN3AZ, and HLA-DPAl
was significantly increased in the good prognostic group,
verifying that their increased expression (overexpression)

indicated good breast cancer prognosis.

[Industrial Applicability]

As set forth above, the present invention provides a
genetic marker for early-stage breast cancer prognosis
prediction and diagnosis. The genetic marker of the present
invention can enable the prediction or diagnosis of the
prognosis of a Dbreast cancer patient, and thus can be
favorably used to present clues for the future direction of
breast cancer treatment, including the determination on

whether anticancer treatment is needed.
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Claim

1. A method for predicting the prognosis of breast
cancer, the method comprising:

(a) isolating mRNA from a sample;

(b) measuring the mRNA expression level of at least one
gene selected from the group consisting of TRBC1 (T cell
receptor beta constant 1), BTN3A2 (butyrophilin, subfamily 3,
member AZ2), and HLA-DPAl (major histocompatibility complex,
class II, DP alpha 1);

(c) normalizing the mRNA expression level of the gene;
and

(d) determining the overexpression of the gene as

indicating good prognosis.

2. The method of claim 1, wherein the measuring of the
expression level 1s conducted through PCR amplification of a

target gene.

3. The method of c¢laim 1, wherein the sample is a
formalin-fixed paraffin-embedded (FFPE) sample of a tissue

containing cancer cells of a patient.

4. The method of claim 1, wherein the normalizing is
conducted by calculating the ratio of the mean expression
level compared with at least one standard gene selected from
the group consisting of CTBP1 (C-terminal-binding protein 1)},
TBP (TATA-binding protein), HMBS (hydroxymethylbilane
synthase), CULl (cullin 1), and UBQLN1l (ubiquilin-1).

5. A composition for predicting or diagnosing the
prognosis of Dbreast cancer, the composition comprising a
primer pair as an active ingredient, wherein the primer pair
is for at least one gene selected from the group consisting of
TRBC1 (T cell receptor beta constant 1), BTN3A2 (butyrophilin,
subfamily 3, member A2), and HLA-DPA1 (major
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histocompatibility complex, class II, DP alpha 1), and wherein
the primer pair 1is capable of amplifying a target gene through
PCR amplification.

6. A kit for predicting or diagnosing the prognosis of

breast cancer, the kit comprising the composition of claim 5.

7. A method for calculating a predictive value of the
prognosis of breast cancer to provide information necessary
for predicting or diagnosing the prognosis of a breast cancer
patient, the method comprising:

(a) isolating mRNA from a sample of the breast cancer
patient;

(b) measuring the mRNA expression level of at least one
gene selected from the group consisting of TRBC1 (T cell
receptor beta constant 1), BTN3A2 (butyrophilin, subfamily 3,
member A2Z), and HLA-DPAl (major histocompatibility complex,
class II, DP alpha 1);

(c) normalizing the mRNA expression level of the gene;

(d) inserting the normalized wvalue into a pre-determined
calculation formula to calculate a numerical value; and

(e) determining the prognosis of breast cancer as being

good or poor depending on the numerical wvalue.

8. The method of claim 7, wherein the measuring of the
expression level 1s conducted through PCR amplification of a

target gene.

9. The method of c¢laim 7, wherein the sample is a
formalin-fixed paraffin-embedded (FFPE) sample of a tissue

containing cancer cells of a patient.

10. The method of claim 7, wherein the normalizing is
conducted Dby calculating the ratio of the mean expression
level compared with at least one standard gene selected from

the group consisting of CTBP1 (C~terminal-binding protein 1),
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TBP (TATA-binding protein), HMBS (hydroxymethylbilane
synthase), CUL1l (cullin 1), and UBQLN1l (ubiquilin-1).

11. A method for predicting or diagnosing the prognosis
of breast cancer, the method comprising a step of using a
primer pair to measuring a mRNA expression level of a selected
gene from a sample of a breast cancer patient, wherein the
primer pair is for at least one gene selected from the group
consisting of TRBC1 (T cell receptor beta constant 1), BTN3A2
(butyrophilin, subfamily 3, member A2), and HLA-DPAl (major
histocompatibility complex, class II, DP alpha 1), and wherein
the primer pair is capable of amplifying a target gene through

PCR amplification,

12. A primer pair for at least one gene selected from
the group consisting of TRBCl (T cell receptor beta constant
1), BTN3A2 (butyrophilin, subfamily 3, member A2), and HLA-
DPA1l (major histocompatibility complex, class II, DP alpha 1),
wherein the primer pair is capable of amplifying a target gene

through PCR amplification.

13. Use of a primer pair for preparing an agent for
predicting the prognosis of breast cancer, wherein the primer
pair 1is for at least one gene selected from the group
consisting of TRBC1 (T cell receptor beta constant 1), BTN3AZ2
(butyrophilin, subfamily 3, member A2), and HLA-DPAl (major
histocompatibility complex, class II, DP alpha 1), and wherein
the primer pair is capable of amplifying a target gene through

PCR amplification.

14. A method for calculating a predictive value of the
prognosis of Dbreast cancer to provide information necessary
for predicting or diagnosing the prognosis of a breast cancer
patient, the method comprising:

(a) isolating mRNA from a sample of the breast cancer

patient;
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(b) measuring the mRNA expression level of at least one
gene selected from the i-gene group consisting of TRBC1 (T
cell receptor Dbeta constant 1), BTN3AZ2 (butyrophilin,
subfamily 3, member A2y, and HLA-DPA1 (major
histocompatibility complex, class II, DP alpha 1), and the
mRNA expression level of at least one gene selected from the
p-gene group consisting of AURKA (Aurora Kinase A), CCNB2
(Cyclin B2), FOXM1 (Forkhead box protein M1), MMP1ll (Matrix
Metallopeptidase 11), PTTG1 (Pituitary Tumor-Transforming 1),
RACGAP1 (Rac GTPase Activating Protein 1), RRM2
(Ribonucleotide Reductase M2), TOP2A (Topoisomerase II Alpha)
and UBEZ2C (Ubiquitin-Conjugating Enzyme E2C);

(c) normalizing the mRNA expression level of the gene;
and

(d) calculating a predictive value of the prognosis of

breast cancer by combining the normalized value of the gene.

36



