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Correlation between gene expression profile and chemotherapy response in locally
advance breast cancer using cDNA microarray technique
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Keywords: Locally advanced breast cancer (LABC), cDNA microarray, , Tumor infiltrating
lymphocyte (TIL), T cell receptor(TCR)

Most breast cancer is thought to be systemic; thus adjuvant chemotherapy is necessary because it
can substantially improve the disease-free and overall survival. According to the guideline for adjuvant
therapy of breast cancer in St. Gallen International Consensus Panel, more than 70% of the breast
cancer patients in Taiwan are eligible for adjuvant chemotherapy.

We know that for locally advanced breast cancer (LABC, stage III/IV), preoperative
chemotherapy improves local control and surgical outcome. It provides us with the best in vivo cases with
which cancer’s responses to chemotherapy can be assessed. Tracing the genetic differences of cancer
cells before and after chemotherapy, we can locate the genes that may be involved in the tumor’s
chemosensitivity.

Our project including three parts: (1) change in gene expression of advanced breast cancer before and
after chemotherapy; (2) establishment of breast cancer cell-line; (3) change of immune response after
chemotherapy in breast cancer.

RNA extract from 26 of 36 locally advanced breast cancer(LABC) patients of patients are qualified
for microarray analysis. 14 patients have paired pre- and post- chemotherapy sample for analysis of
change in expression pattern induced by chemotherapy. Gene expression signature that related to
chemotherapy response will be analysed in Epirubicin-subset of 13 patients. The analysis is on going
because delay of the core facility. The comprehensive result is not available at the time this annual report
is submitted.

One stable cell line from an 25 y/o breast cancer patient before chemotherapy has been
well-characterized.

Summary of T-cell immune reaction during neoadjuvant chemotherapy, we find T-Lmphocyte
reaction /ncreases in tumor matrix and peripheral blood after chemotherapy. Increased response is found
in CD4+, CD8+ cells, but not DN cells. Monoclonal or at least oligoclonal expansion of TILs to specific

tumor antigen exists. Lymphocyte reaction markedly decreases in normal breast.
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Keywords: Locally advanced breast cancer (LABC), cDNA microarray, , Tumor infiltrating

lymphocyte (TIL), T cell receptor(TCR)

Most breast cancer is thought to be systemic; thus adjuvant chemotherapy is necessary because it
can substantially improve the disease-free and overall survival. According to the guideline for adjuvant
therapy of breast cancer in St. Gallen International Consensus Panel, more than 70% of the breast

cancer patients in Taiwan are eligible for adjuvant chemotherapy.

Traditionally, choice of chemotherapy is often empirical based more on the histological
appearance of the tumor than on an understanding of drug-resistant phenotypes. The former, which relies
heavily on physician’s subjective experience. On the other hand, the technique of cDNA microarrays,
which provides expression profile of thousands of genes, makes it possible to give each cancer a distinct
identification. Using this method, in vitro studies of breast cancer cell line have revealed that different
genetic expression patterns of tumor show different chemosensitivity; besides, chemotherapy can
induce differences in expression pattern. Although these researches bridge the gap between gene
expression pattern and chemotherapy sensitivity, they, unfortunately, fail to explain breast cancers’ in

vivo behavior.

This project, therefore, attempts to investigate breast cancers’ in vivo behavior through its genetic
expressions. We know that for locally advanced breast cancer (LABC, stage III/IV), preoperative
chemotherapy improves local control and surgical outcome. It provides us with the best in vivo cases
with which cancer’s responses to chemotherapy can be assessed. Tracing the genetic differences of
cancer cells before and after chemotherapy, we can locate the genes that may be involved in the tumor’s
chemosensitivity. Besides, it is known that 20~30% of advanced cancers have no response or respond
poorly to chemotherapy. By far, no clinical assessment or molecular test can predict response before

treatment. This model can also serve as an excellent start to solve this mystery.
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In this study, with cDNA microarray technique, we will access gene expression profiles of tissue
specimens of locally advanced breast cancers(stage III/IV) before and after chemotherapy. Serial
sonography provides clinical assessment of tumor response. Frozen breast cancer tissue and its normal
counter part in our tissue bank will also be evaluated by cDNA microarry as control. Cell line will be

established simultaneously. All results achieved have to be confirmed by cell line experiments.

T Lymphocytes from tumor, its normal counterpart, metastatic lymph nodes and peripheral blood,
will be isolated and further separated into CD4", CD8" and DN cells subsets. Their TCR usage before and
after chemotherapy will be studied. The existence and abundance of T-cells with the invariant T cell

receptor (TCR) a chain in relation to chemotherapy will also be investigated.

Specific aims and long-term objectives are as follows:

Specific aim(1). Detection of differentially expressed genes in responder and non-responder.
Specific aim(2). Identification of novel targets(genetic markers) that affect chemosensitivity.
Specific aim(3). Detection of change in expression pattern induced by chemotherapy.
Specific aim(4). To elucidate TIL-tumor interactions based on their TCR repertoire;

Specific aim(5). An expectation to find a distinct TCR repertoire specific to tumor antigen.

Long-term objectives:

1. Development of cDNA chips for clinical diagnosis of breast cancer to choose proper
chemotherapy agent and to early detect breast cancer.

2. Our present study will produce the following substantial results concerning breast cancer: (1)
pathophysiological information; (2)diagnostic model establishment; (3) novel molecular
targets.

3. Development of TIL-based immunotherapy to individualize treatment in breast cancer patients.
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In Taiwan, breast is the second popular site of female cancer and is expected to be the first in the
near future'. Because the screening program is not well-established, breast cancers were usually
diagnosed in later stages. Adjuvant chemotherapy is necessary because it can substantially improve the
disease-free and overall survival. According to the guideline for adjuvant therapy of breast cancer in St.
Gallen International Consensus Panel, more than 70% of the breast cancer patients in Taiwan are
eligible for adjuvant chemotherapy’.

Traditionally, choice of chemotherapy is often empirical based more on the histological
appearance of the tumor than on an understanding of drug-resistant phenotypes. The former relies heavily
on physician’s subjective experience. Because relapsed and metastatic cancers could only be detected in
months or years after surgery, how to choose proper adjuvant chemotherapy agent is crucial in primary
treatment. Yet, drug resistance is a major obstacle to successful therapy. Cancer cells exposed to
anti-tumor drugs may directly induce the expression of genes that could confer resistance, thus allowing
some cells to escape killing and form the relapsed resistant tumor. Alternatively, some cancer cells may
express an array of genes, that could confer intrinsic resistance, and the exposure to cytotoxic drugs will
screen out surviving cells that form the relapsed tumor.

Cancers are either primarily resistant to chemotherapy (intrinsic resistance), or respond to
chemotherapy but later recur to form a multi-drug resistant tumor’. Several mechanisms of drug
resistance in tumors are understood and include over-expression of the multi-drug resistance gene
(MDR1)*, the multi-drug resistance-associated protein’, and increased DNA repair®. Various regulatory
genes in the cell targeted for genetic alterations during tumor genesis may also influence cellular
sensitivity to chemotherapeutic drug’. These genetic alterations involve a diverse group of gene products
that include tumor suppressor genes, oncogenes, cell cycle regulators, transcription factors, growth factor
receptors, DNA repair factors, and cell death regulators. Mechanisms of development of intrinsic drug

resistance are not thoroughly understood and may involve the expression of multiple genes during tumor
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progression. Therefore, a single mechanism pathway cannot explain the genesis of resistance in cancer.
Rather, drug resistance seems to involve the altered expression of a diverse group of genetic factors
influencing various biochemical pathways. The emergency of acquired resistance, on the other hand, may
be associated with either drug induction or drug selection of tumor cells during chemotherapy, resulting in

relapses that are refractory to treatment.

DNA microarray

The advent of DNA microarray technology and its capacity for simultaneous probing of the genome
on high-density microarrays in yeast and man has enabled the analysis of the expression profiles of
thousands of genes. In view of the complex array of genetic factors contributing to drug resistance, DNA
microarray should be useful for examining the development of drug resistance in cancer®'’. These
analyses ultimately may enable us to use the signature expression profiles of drug-resistant tumors to
predict response to drugs and to design therapeutic regimens to circumvent drug resistance. In vitro study
with breast cancer cell line and cDNA array technique, different expression pattern showed different
chemosensitivity and chemotherapy can induce difference in expression pattern®”*'. Scherf and Ross
combined the expression and drug response data with a view to determining whether correlations exist
between gene expression and drug response. The fact that apparently significant clusters were obtained
encourages the hope that the process has produced more than random noise as does the fact that a few of
the correlations are consistent with known drug response. But, the proportion of these correlations that
will prove productive leads unknown®>*', By far, no in vivo study provided us direct evidence that

correlated gene expression profile and chemotherapy.

Locally advanced breast cancer as in vivo model

For locally advanced breast cancer (stage ITI/IV), pre-operative chemotherapy is applied in the
primary treatment course’’. Primary medical therapy in LABCs cancers improves local control and
surgical outcome, offering a better cosmetic result as well as longer patient survival. This provides a

perfect model to access chemotherapy response in vivo. Response to medical therapy varies widely. In

Page 8 of 28



our unpublished data and previous reports, 70%~80% tumors shrink, a few disappear completely. The
other 20~30% cases respond minimally or continue to progress. This unpredictability makes the
choice of the appropriate treatment difficult and so, to a large extent, selection of the initial regimen is
arbitrary and may need to be changed or abandoned. Considering the limitations of conventional methods.
i.e. clinical examination, mammography and B-mode ultrasound, in assessing tumor response to therapy,
linking gene expression profile and drug response in advanced breast cancer may provide information that

predict the response of breast cancer to therapy before treatment.

Cell lines

Cell lines derived from human tumors have been extensively used as models in the study of
neoplastic diseases. Although such cell lines differ from both normal and cancerous tissues, however, the
inaccessibility of human tumors and normal tissues make such cell lines still play an important role as an
experimental model. For study the chemosensitivity before and after chemotherapy, we propose to
establish breast cancer cell lines from early (stage I/II) and late (stage ITI/IV) breast cancer patients from
our hospital as well as collect established breast cancer cell lines from ATCC to serve as comparison. In
addition to the characterization (ex. estrogen receptor, progesterone receptor, p53, HER2/neu expression
level; ploidy and cytogenetic analysis; histological and biochemical analysis...) of newly established
breast cancer cell lines from patients, the gene expression profiles of different stages of breast cancer cell
lines will also be analyzed using the same DNA microarray technique. Therefore, we can establish an
extensive breast cancer cell bank and the related genetic expression profiles of breast cancer in Taiwan.
Using this in vitro cell model and DNA microarray technique, the correlation of known gene markers
will be documented and the novel gene markers will also be characterized. All of the breast cancer
cell lines will be clustered on the basis of difference of gene expression and drug response before and
after chemotherapy, to elucidate the possible correlation of gene-drug of the cell lines derived from
20-30% of chemotherapy resistant patients. The comparison results will provide useful pretreatment

information for the decision of proper regimen.
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Tumor infiltrating lymphocyte(TILs)

Lymphoid infiltration in tumor tissues has been demonstrated a favorable sign for prognosis of
hosts in several malignant tumors®!, Therefore, lymphocytes’ infiltration is considered a result of tumor
targeted, specific interactions rather than of an inflammatory response. Most of the infiltrating cells are
CD3" T cells with a variable number of CD4* and CD8". In most of the tumors, no B cells are found and

natural killer cells constitute only a small minority of TIL**3¢,

In human breast cancer , there was a significant reverse correlation between the intensity of the
T-cell infiltration and the clinical stages. In general, lymphocytes are found more frequently and more
abundantly in cancer than in its normal counterparts. Furthermore, it is observed an increased
CD47/CD8" ratio correlated with tumor’s size and lymph node metastases *’. Studies in experimental
animals have shown that the adoptive transfer of TIL is 50-100 times competent than LAK cell in
mediating tumor regression’. Thus, TIL is a potentially promising candidate for adoptive
immunotherapy. TIL from primary breast carcinomas can be propagated in large numbers in vitro with

rIL2 while still retaining autologous tumor specificity and MHC-restricted CTL activity *°.

We know that T cells play a critical role in human’s immune defense as to recognize and eliminate
malignant cells, and the highly specific T cell antigen receptor (TCR) is responsible for making
distinction of them. Proteins of the TCR arise from gene segment rearrangements that provide the
opportunity for virtually unlimited diversity***>. Most of the work that has defined the T-cell response to
tumors has come from analysis of cultured TIL. Tumor specific immune reaction has long been postulated,
however, no study provided direct in vivo evidence so far. Analyses of TCR usage subclassify T-cells
according to different V segment expression. By this method, even single T-cell can be characterized.

Initial results of TCR usage analyses come from studies of autoimmune diseases. In patients with
autoimmune antiphospholipid syndrome, the TCR Vg segments of autoreactive CD4™ T cells expanded
oligoclonally after stimulation with B,-glycoprotein I*. In nonobese diabetic mice (NOD), the analysis of
the TCR repertoire of early islet infiltrates reveals enrichment for a small subset of TCR sequences.
Reconstitution of these TCR in vitro demonstrates that these receptors confer reactivity to islet cells**.
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Different from traditional T lymphocytes that display a wide repertoire of antigen receptors, a new
subset of T cells were found in humans, mice, and cattle. These cells bear an invariant T cell receptor
(TCR) a chain containing hAV7S2 and AJ33 in humans and the homologous AV19-AJ33 in mice and
cattle with a CDR3 of constant length. These T cells are CD4~ CD8” double-negative (DN) T cells in the
three species and also CD8aa. in humans. In humans, their frequency was ~1/10 in DN, 1/50 in CD8at,
and 1/6,000 in CD4" lymphocytes. They preferentially use hBV2S1 and hBV13 segments and have an
oligoclonal Vj repertoire and were probably selected for a nonclassical MHC class Ib molecule distinct
from CD1. The conservation between mammalian species, the abundance, and the unique selection
pattern, suggest an important role for cells using this novel canonical TCR o chain®. Recently, we
identified a TCR a. sequence that is abundant in our samples from healthy individuals but scarce, if any,
in our samples from autoimmune patients. This sequence turned out to be identical to the above published
second invariant sequence in humans.

Restricted repertoires seem to define discrete lymphocyte subpopulations at the frontier between
innate and adaptive immunity. Cells with such a restricted repertoire may play an immunoregulatory role
or another physiologic function. Their role in tumor progression is surely an interesting topic to

. . 46,4
investigate 647,

Although a number of previous studies have addressed in vitro interaction between TIL and tumor,
no report provided direct in vivo evidence of tumor specific immune response. Thus, in this part of the
project we will study TCR usage of LABCs before and after chemotherapy in vive. Besides, the existence
and abundance of T-cells with the invariant T cell receptor (TCR) a chain will also be investigated. We
hope to find the meanings/correlations between TCR usage and chemotherapy response. The search for
the potential role of T cells using the invariant T cell receptor (TCR) o chain in relation to chemotherapy
response will help understanding the interaction between tumor, chemotherapy and T cell immunology.
With our TCR usage information, to develop a TIL-based immunotherapy with which an individualized

treatment can be achieved would be one of our final goals.
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Correlation between expression profile and chemotherapy response in locally advanced breast
cancer patients using cDNA microarray

Using cDNA microarray, we plan to access gene expression profiles of tissue specimens of forty
LABCs before and after chemotherapy. Serial sonography will be used as a tool for monitoring
tumor’s responses. Frozen breast cancer tissue(stage I/II) and its surrounding normal tissue in our tissue
bank will also be evaluated by cDNA microarry as reference. The correlation between expression
profile and drug response will pick up genes that affect chemosensitivity. The comparison of expression
profile before and after chemotherapy will detect changes in the expression patterns induced by
chemotherapy. The difference between early(stage I/IT) and late(stage III/IV) breast cancer can find

genetic changes during tumor progression.

Cell line validation

We propose to establish breast cancer cell lines from the LABC before and after chemotherapy.
In addition to the characterization (ex. estrogen receptor, progesterone receptor, p53, HER2/neu
expression level; ploidy and cytogenetic analysis; histological and biochemical analysis. ..) of newly
established breast cancer cell lines from patients, in order to avoid experimental biases, all results

achieved from first year study have to be confirmed by cell line experiments.

Changes of the Tumor infiltrating lymphocyte (TIL) during chemotherapy and its relation to
chemotherapy response

We plan to elucidate TIL-tumor interaction and chemotherapy influence on this issue. T
Lymphocytes from tumor, its normal counterpart, metastatic lymph nodes and peripheral blood of LABC
patients before and after chemotherapy will be isolated and further sorted into CD4", CD8* and DN
T cell subpopulations by immunoaffinity fractionation. In each subset of T-cells, we will establish a
¢DNA library from extracted RNA. Upon this library, the TCR usage of different V, segments in each
subset will be analyzed and compared. The V, segments evaluated will include V41, V414,V,15, HFR,
Vsl, Vs2, Vi3, Vsd, Vi5.
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Our project includes three parts: (1) investigation on changes in breast cancer’s gene expressions
before and after chemotherapy; (2) establishment of pre- and post-treatment breast cancer cell-lines: 3)
investigation on the immune responses of breast cancer to chemotherapy. These subprojects were
introduced as they were performed separately year by year; however, in reality they were executed around
the same period because of their interrelated nature. In the following we will briefly describe their

progress and the results found accordingly.

(1) Changes in breast cancer’s gene expressions before and after chemotherapy

We have collected samples from 36 locally advanced breast cancer patients. RNA extract of 26
patients are qualified for microarray analysis. 14 of 26 patients have paired pre- and post- chemotherapy
sample for analysis.

Among these twenty-six patients, thirteen patients received neoadjuvant chemotherapy of Epirubicin,
seven of Taxotere, Five of Phyxol and one of Navorelbin. Because the comparison among patients with
different chemotherapy agent is difficult, we chose the Epirubicin subset for analysis. This subset includes
five responder and eight non-responders. This analysis will help us to probe gene expression signature

that related to Epirubicin-chemosensitivity.
Chemotherapy agents of fourteen patients paired samples includes nine of Epirubicin, three of
Taxotere and two of Phyxol. Change in expression pattern induced by chemotherapy in general and in

differrent agents will be detected.

The microarray assessment did not finish until early November because the delay of the core facility.
The analysis is on going. The comprehensive result is not available at the time this annual report is
submitted. We are sorry about that. After the analysis is complete, we will revise the data as soon as
possible.

Preliminary analysis of microarray data of one pair sample shows that gene expression pattern in
breast cancer before and after chemotherapy is comparable (Fig. 1). The left is gene expression profile of
pre-chemotherapy sample on a 9600 spots gene-chip. The right is after chemotherapy sample. The graph

on the left side is the density plot of microarray data after normalization. As you see, the distribution
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curves of these two samples are alike. The difference plot on the right side shows us the distribution of
magnitude and frequency of differences in each gene. The expression of most genes is similar in two

samples. Only a few genes markedly downregulate or upregulate after chemotherapy.

Fig. 1 Data of microarray assessment in one paired samples
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The genes listed below are those noticeably downregulated or upregulated after chemotherapy, the

chance is less than 0.1 percentile.

Down-regulate

Human B-cell receptor associated protein (hBAP)
mRNA, partial cds

EST

guanylate cyclase activator 1A (retina)
UDP-glucose dehydrogenase

Homo sapiens mRNA for KIAA0802 protein,
partial cds

KIAA0104 gene product

CD4 receptor {exons 1 and 2} [human,
T-lymphocyte, mRNA, 3429 nt]

Homo sapiens fetal unknown mRNA, complete
cds

Homo sapiens mRNA; cDNA DKFZp586H201
(from clone DKFZp586H201)

antigen identified by monoclonal antibodies 12E7,
F21 and O13

Homo sapiens DNA sequence from PAC 845024
on chromosome 1p36.1-36.2. Contains a gene for
a Heterogenous Nuclear Ribonucl

KIAAOQ705 gene product

RBCL

Homo sapiens Arp2/3 protein complex subunit

p34-Arc (ARC34)

Homo sapiens mRNA for C2 domain containing
PI3-kinase

Human Ig J chain gene

nitric oxide synthase 2A (inducible, hepatocytes)
ESTs, Highly similar to COATOMER ZETA
SUBUNIT [Bos taurus]

angiotensin receptor-like 2

Homo sapiens clone 23555 mRNA sequence
B lymphoid tyrosine kinase

Janus kinase 1 (a protein tyrosine kinase)
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Up-regulate

Homo sapiens chromosome 9, P1 clone 11659
heat shock transcription factor 1

Homo sapiens mRNA for kinesin-like DNA
binding protein, complete cds

Human clone 137308 mRNA, partial cds
SCOL1, S. cerevisiae, homolog of 2

GAPDH

myxovirus (influenza) resistance 1, homolog of
murine (interferon-inducible protein p78)

vav 3 oncogene

cytochrome P450, subfamily IIA
(phenobarbital-inducible), polypeptide 7

Human 1-8D gene from interferon-inducible gene
family

ESTs, Highly similar to CAMP-DEPENDENT
PROTEIN KINASE INHIB

MAP/ERK kinase kinase 1

unc-51 (C. elegans)-like kinase 1

ASA1

GAPDH

RBCL

(2) Establishment of pre- and post-chemotherapy breast cancer cell-lines

We have developed a stable cell line from a 25-year-old patient before chemotherapy, and its

characteristics has been well studied (for details, see Fig. 2). The stable cell lines collected from

pre-chemotherapy cases of early-onset breast cancer has been well-characterized as follows: sixty-one

passages, no tumorgenicity in nude mice was found; yet tests for estrogen and progesterone receptor

showed positive. Karyotype analysis reveals us a normal chromosome number of forty six (Fig. 3), and

the growth curve for it is shown in Figure 4. The test for BRCA1 & 2 mutations is in process; more data

and discussions will be expected for future publications.

Figure 2. Cell line from a pre-chemotherapy 25y/o breast cancer patient(Phase contrast micrograph)
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Figure 3. Frequency distribution of chromosomes of pre-chemotherapy early-onset breast cancer cell line
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(3) Investigation on the immune responses of breast cancer to chemotherapy

Our preliminary data concerning T-cell receptor (TCR) usage in one advanced breast cancer
patients in response to chemotherapy shows exciting findings, which we will introduce here. First we
evaluate nine segments of V5 genes that were shown being frequently used by patients with autoimmune
disease. We reasoned that these Vs are suitable for TIL studies because to a large degree cancer
cell-killing can be regarded also as an autoimmune reaction(see examples in the TCR usage analysis
chart). Then the lymphocytes in TIL and peripheral blood were further subclassified into CD4", CD8" and
Double Negative(DN, CD4 CD8") groups.

Before chemotherapy, 1, 4, 3 tested V-segments are seen in CD4", CD8", DN cells. The V51 segment
is presented in DN group. It is predictable since CD8" and DN T-lymphocyte are related to cancer-killing.
In peripheral blood lymphocyte (PBL), the presentation of V-segment usage is similar to other breast
cancers we have studied previously. After chemotherapy, in TIL, the V-segments presentation remarkably
increased in CD4", CD8" groups—especially in CD8" group. The presentation in DN T-lymphocyte, on
the other hand, decreased. PBL showed increase in detectable TCR usage after chemotherapy. Even at §
months after operation, the trend remains the same. Coincidently, there is no detectable presentation in
Double negative group(Fig. 5). Whether the decrease in DN group presentation is related to her poor
response needs investigation(Table 1). We can’t harvest normal tissue before chemotherapy for
comparison. However, expression of normal tissue after chemotherapy is much less. It refers that increase

in TILs is more than random noise as does the fact that is consistent with tumor specific immunity.

Our next step is to elucidate the possibility of monoclonal expansion in subsets of T-lymphocyte
in specific V segment. Sequencing gel can separate PCR products up to a single base pair in
difference(Fig. 6). The difference between peripheral blood and TIL is obvious. It is discrete in peripheral
blood and concentrated in TILs. Figure 7 is a transformed graph from another V segment. The TILs
shows possible monoclonal expansion and the lymphocyte in peripheral blood presents discrete

distribution. The last, PCR fragment sequencing showed the expansion of T lymphocyte in tumor is
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selected, not random.

In conclusion, T-Lmphocyte reaction increases in tumor matrix and peripheral blood after
chemotherapy. Increased response is found in CD4+, CD8+ cells, but not DN cells. Monoclonal or at
least oligoclonal expansion of TILs to specific tumor antigen exists. Lymphocyte reaction markedly

decreases in normal breast tissue.

TCR usage analysis chart

P. Ja Jo
#73 -Ca -Co
va
14 | PBL [37(-),40,48(5),54,57(-) 1(6,1)
TIL [15,31(2-),40(-,-),44,52,54(-)  |1(1,9)
T [31,54. J61(1,3),3(1)
T+IL2[44 (No V),31,48,49
Ve | eBL [4,5(2-,-),15(2),20,30
TIL |4(2),9,16(2),22,33,47
T
T+I12[10,13(2),29(-),30,31,32,34 ()
13(-),17,22(-),31(2),47,49(1,1),
HFR | pBL |0 ") o) 1(1~,1-)
TIL |10,18,21(2),28,30(1,1),36(-),52 ;;ig;é;??t°lmmune
T [15(-),26,34,49 1
T+1L2]21,24,43,56
V31| PBL [35,37,40(5),49 1(1,1-),3(4-),4(3-)
TIL |23,27,32,36,48,49,53 1(11,1,1,1,1-,1-,1-),2(-)
T [32,40(2=PBL),41,44(-),52
T+IL2 1¢(1,2+,1,1),3(3)
V52| PBL [22(10),23(3) 1(1,1,1,1-),2(1),3(1)
TIL |15 (15- ) 1(4,1,1,2,1,1-)
T (10)
T+IL2 2(2), (2),58 1(1,1,1,1,1,1,1-),3(1)
v53]| PBL (11) 8 (3) 1(1,1,3-),3(3-)
TIL |58 (13) 1(1,1,1,1,1-,1-,1-),3(2)
T
T+IL2[28(6),53(4),57(3),58 (-) 1(10-)
V34| PBL [20,22(2-),23,42(3),49,50(3) 1(3,1),2(5),3(1)
TIL |10(2),13(5) 1(1,1-),2(3),3(1,1)
T
T+IL2[9(5),15, 38, 40 1(1,1,1),2(3)
V55| PBL [49(4,3), 1(1,1,1,1,1,1),3(5)
TIL |30,34,39(-) 1(3,2,1,1-,2-)
T 1(1,1,1,1,1-),2(1),4(1)
T+112[43,49,50,52, 54
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Figure 5. TCR(T-cell receptor) usage before and after chemotherapy
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Table 1. TCR(T-cell receptor) Usage before and after chemotherapy

Cell origin Vql4 | Vo15 | HFR | Vsl Vs2 | Vs3 | Vs4 | VsS | Vil
Pre-chemotherapy
Tumor CD4" - o - - - - - -
CD8' | @ - ® - - - o ® o0
DN - - ® ® - - - ®
PBL ® ® ® o - - ® o
Post-chemotherapy
Tumor-1 Ch4" | @ - o o - - ® o ®
CD8" | @ ® ® ® - - o o0
DN - - - - - - - ® -
Tumor-2 CD4' | @ o o o - L 1 J o o0 ®
CD8" | @@ - ° - - - o (o0 o
DN - - - - - - - - -
Tumor-3 | CD4" | - - o - - - ® | 00 | 00
CD8" | @ o o ° - - o o o
DN - - - - - - - -
PBL ® o o o L o ®
PBL-5SM |CD4" | @ () ) ® ) ) [ )
CD8" | @ ® o | o - - [
DN - - - - - - - -
Normal CD4" - - - - - - - Y -
CD8" | - - - - - - - - (1)
DN - - - - - - - - ()
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Figure. 6 TCR(T-cell receptor) Usage Sequencing gel

FOTL TILA
. 48DN4S

P: Peripheral blood
N: Normal

PBL, Pre-C/T, Mixed
............................. TIL, Pre-C/T, CD4"
............................ TIL, Post-C/T, CD4"

TIL, Post-C/T, CD8"

Figure 7. Evidence of monoclonal expansion in T-cell usage
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1. The study results fulfill the specific aims set and pave the way towards the long-term objectives.

2. The results of analyzing change in expression pattern induced by chemotherapy, detecting gene
expression signature that related to chemotherapy response, established breast cancer cell line and

unveiling the change of T-Lmphocyte reaction during chemotherapy are all suitable to submit for

publication .
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