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Abstract

Cancer vaccines serve as a promising clinical immunotherapeutic strategy that

help to trigger an effective and specific antitumor immune response compared to

conventional therapies. However, poor immunogenicity of tumor cells remains a

major obstacle for clinical application, and developing new methods to modify

the immunogenicity of tumor cells may help to improve the clinical outcome of

cancer vaccines. 4T1 mouse breast cancer cell line has been known as poorly

immunogenic and highly metastatic cell line. Using this model, we identified a

sub cell line of 4T1 — designated as 4T1-Sapporo (4T1-S) — which shows

iImmunogenic properties when used as a vaccine against the same line. In

4T1-S-vaccinated mice, subcutaneous injection of 4T1-S resulted in an

anti-tumor inflammatory response represented by significant enlargement of

draining lymph nodes, accompanied with increased frequencies of activated

CD8 T cells and a subpopulation of myeloid cells. Additionally, 4T1-S vaccine

was ineffective to induce tumor rejection in nude mice, which importantly

indicate that 4T1-S vaccine rely on T cell response to induce tumor rejection.



Further analysis to identify mechanisms that control tumor immunogenicity in

this model may help to develop new methods for improving the efficacies of

clinical cancer vaccines.



Introduction

Breast cancer is one of the most frequently diagnosed cancers in young women [1, 2].

The main strategy of management and treatment for breast cancer is early diagnosis,

surgical resection and adjuvant systemic therapy. In spite of recent advances in

treatment protocols, breast cancer remains the second leading cause of cancer

deaths in women in U.S. [1]. Moreover, recent breast cancer statistics showed

increased rates of mortality in Japan [2]. Although treatment with conventional

chemotherapy has demonstrated considerable efficacies in breast cancer [3], these

treatments are frequently accompanied with significant side effects that negatively

impact patients’ quality of life [4, 5].

Recently, cancer vaccines have emerged as an alternative therapeutic strategy for

the treatment of breast cancer that help to provide more specific and less toxic effects

than conventional chemotherapies [6-8]. In this regard, several immunotherapeutic

approaches have been proposed to generate immunologic response specific for

antigens selectively expressed in tumor cells including DNA vaccine, peptide vaccine

and whole cell vaccine. In particular, using a whole tumor cell vaccine offer an

important advantage of targeting multiple tumor antigens simultaneously [6, 7].

However, several studies have shown that whole tumor cell vaccine were ineffective

to induce potent antitumor immune responses in preclinical models and clinical trials
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[7, 8]. This may be due to poor immunogenicity of tumor cells used as whole tumor

cell vaccine. Immunological heterogeneity of tumor cells has been shown to have

significant impact on tumorigenicity and tumor progression [9-11]. During the process

of cancer immunoediting, highly immunogenic tumor cell variants are eliminated

steadily at the first phase (Elimination), while tumor cell variants with decreased

immunogenicity survive immune attacks (Equilibrium), and finally these poorly

immunogenic variants dominate and acquire the ability to proliferate and expand

(Escape). At this stage, when tumors become clinically diagnosable, tumor cells are

rendered poorly immunogenic and characterized by losing major histocompatibility

complex class | and Il antigens. Thus, improving the efficacies of cancer vaccine

requires the modification of tumor immunogenicity in a way that redirects tumor cells

from immune-resistant into immune-sensitive state.

In this regard, a recent report has suggested the ability of ionizing radiation to

induce immunogenic cell death accompanied with inflammatory response that is

capable to control tumor growth, thus changing the potential of tumor cells in

radio-immunotherapeutic strategies [12]. Additionally, a mouse breast cancer cell line,

4T1, which is well known as a poorly immunogenic cell line, partially obtains

substantially immunogenic properties upon radiation and a potential to respond to

immunotherapy [13, 14]. Using the poorly immunogenic 4T1 cell line as a model, we



incidentally identify in this study a sub cell line of 4T1 (designated as 4T1-S), which

could induce a protective immune response against challenge of the same line

without any manipulation. Vaccination with irradiated 4T1-S induced a potent

antitumor inflammatory response represented by striking enlargement of draining

lymph nodes and increased frequencies of activated CD8 T cells. Importantly, 4T1-S

vaccine was ineffective in nude mice, indicating that the effect of 4T1-S vaccine is T

cell-dependent. Identification of the mechanisms that control immunogenicity of 4T1

sub cell line may help to improve the efficacies of cancer cell vaccines in future

treatments.



Materials and Methods

Cell lines and animals
Mouse breast cancer cell line (4T1) was purchased from American Type Culture
Collection (ATCC). This cell line was designated as 4T1-ATCC (4T1-A). Highly
immunogenic sub-clone of 4T1 described in this paper was maintained in our
laboratory and named 4T1-Sapporo (4T1-S). 4T1-S underwent no forced gene
transduction and was stocked in liquid nitrogen. Both 4T1-A and 4T1-S were cultured
in RPMI 1640 medium (WAKO) supplemented with 10% fetal bovine serum (Cell
Culture Bioscience), 1% penicillin/streptomycin, 1% L-glutamine, 1mM sodium
pyruvate, 1% non-essential amino acids (All from Life technologies) and 50 uM
2-mercaptoethanol (WAKO). Both 4T1-A and 4T1-S were routinely examined for
mycoplasma infection during the period of this study (Lonza). To induce cell death,
cells were irradiated at 300 Gy X-rays.

Female BALB/c and BALB/c-nu/nu mice were purchased from Sankyo Labo

Service Corporation. All mice used in experiments were at age of 6-10 weeks.

In vivo model
For the tumor vaccine experiments, irradiated 4T1 cells (2 x 10°) were re-suspended

in 200 pl PBS and subcutaneously injected into the right back of mice. 2 weeks after



vaccination, 5 x 10* of live 4T1 cells were re-suspended in 200 pl PBS and inoculated
into the left mammary grand. In the experiments examining lymph nodes, live 4T1
cells (2 x 10°% were subcutaneously injected. Animal procedures were conducted
according to the guidelines of the Hokkaido University Institutional Animal Care and
Use Committee using an approved protocol (No.11-0160). Tumor size was estimated

by ellipsoid volume formulas (1/2 x L x W x H).

Flow cytometry

Single cell suspensions were prepared from tumors or lymph nodes and used for flow
cytometry analysis after staining with appropriate fluorescent antibodies according to
manufacturer’s instruction. Fluorescent antibodies used for the staining of mouse cell
surface markers were purchased from eBioscience (anti-CD3 and anti-CD8) or
Biolegend (anti-CD69 and antibodies for Figure 5). Samples were run on FC500

(BECKMAN COULTER) and analysed using FlowJo software V7.6.5.

Microarray analysis
Total RNAs of 4T1-A and 4T1-S were labeled with Cy3 and hybridized to a Whole
Mouse Genome Microarray (Agilent) according to the manufacturer’'s protocol.

Arrays were scanned using the Agilent Technologies Microarray Scanner. Data



were analyzed using the MultiExperiment viewer (http://www.tm4.org/). Microarray

data are available from the Gene Expression Omnibus (GEO,

http://www.ncbi.nlm.nih.gov/geo/) with the accession number GSE71926.

Transfection and real time PCR

cDNA for candidate genes was synthesized from 4T1-S mRNA and subcloned into

pPyCAG vectors (kindly provided by Dr. H Niwa, RIKEN). The expression vectors

were transfected into 4T1-A by electroporation. The expression of transfected genes

was examined by real time PCR (Fig.5D). The quantitative PCR reaction was

performed using Power SYBR® Green (Life Technologies).

Statistical analysis

Statistical significance was determined by the Student t test with a cut-off P < 0.05.

Data are presented as + SEM. The Kaplan-Meier method was used to estimate

overall survival, and survival differences were estimated by the log-rank test. All data

were analysed using JMP v11.



Results

4T1-S vaccine induces tumor rejection and prolongs survival of mice
challenged with live 4T1-S breast cancer cells

At first, we performed a tumor vaccine experiment using 4T1 cell line which was
maintained in our laboratory for several years, and thus designated as 4T1-Sapporo
(4T1-S). BALB/c mice were vaccinated with irradiated 4T1-S cells (2x10°) and
challenged 2 weeks later with live 4T1-S cells (5x10% injected into the mammary
glands (Fig.1A). Surprisingly, we found that the vaccination with irradiated 4T1-S cells
induced tumor rejection and prolonged survival rate of mice challenged with live
4T1-S cells (Fig.1B, solid line). To further evaluate the vaccine effects of irradiated
4T1 cells, we utilized a new 4T1 cell line purchased from American Type Culture
Collection (ATCC) and designated as 4T1-A. 4T1-A and 4T1-S cell lines were cultured
at the same condition and examined routinely for mycoplasma infection during the
period of this study (data not shown). Interestingly, we found that the vaccination with
irradiated 4T1-S showed no effects when mice were challenged with live 4T1-A cells
(Fig.1B, dashed line) in contrast to live 4T1-S cells (Fig.1B, solid line). Furthermore,
irradiated 4T1-A cells were ineffective to prolong survival of mice challenged with live
4T1-A (Fig.1C, dashed line) or 4T1-S (Fig.1C, solid line) cells. Thus, we concluded

that vaccination with irradiated 4T1-S but not 4T1-A is capable to induce a substantial



protection against challenge with live 4T1-S cells. In this study, both 4T1-A and 4T1-S

cells were passaged more than 40 times, but no changes in their protective effects

were observed (data not shown), suggesting that the number of passage did not affect

the immunogenic capacity of 4T1-S cells.

To further confirm the characteristics of 4T1-S cells, we utilized limiting dilution

method to establish several single cell-derived subclones from 4T1-A or 4T1-S cell

lines. The cell morphology, cell growth rate and FACS pattern of these subclones

were similar with those of original lines (not shown, see Fig.2 and 5), which mostly

exclude the possibility of any contamination of 4T1 cells with other immunogenic cells

from different resource. Then we examined the effects of these subclones when used

as vaccines against 4T1-S challenge. As expected, we found that 3 from 6 subclones

derived from 4T1-S induced rejection of inoculated live 4T1-S cells, while all

4T1-A-derived subclones (total of 6 subclones) were ineffective (Fig.1D). Together,

these results indicate that 4T1-S, but not 4T1-A, contains immunogenic variants that

elicit the immunotherapeutic effects of irradiated 4T1-S cells. These results also

demonstrate the existence of heterogeneity even in 4T1-S cells.

4T1-A and 4T1-S cells show the same morphology but different proliferative

rates in vitro and in vivo



Based on the above results, it was highly anticipated that 4T1-S was coincidentally
transformed and obtained the characteristics of tumor vaccine. Next, to confirm any
differences between the two cell lines, we compared cell morphologies and cell
proliferation in vitro and in vivo. Both 4T1-A and 4T1-S show plastic adherent
properties with identical morphologies (Fig.2A). In vitro cell proliferation rate of 4T1-S
was significantly higher than 4T1-A (Fig.2B). However, when subcutaneously
inoculated, 4T1-A tumors grow more rapidly than 4T1-S (Fig.2C). Consistent with this,
survival rate of 4T1-A tumors-bearing mice was shorter than that of 4T1-S (Fig.2D).
Together, these results suggest that 4T1-S cell line has acquired a substantial

immunogenicity, which results in suppression of tumor growth in vivo.

Vaccine effects of irradiated 4T1-S cells are dependent on T cell response

Cancer vaccines have the capability to trigger potent anti-tumor T cell responses that
result in eradication of tumor cells. To examine whether the vaccine effects of
irradiated 4T1-S depend on T cell immunity, we performed vaccine experiment using
BALB/c-nu/nu mice, a strain that lacks a thymus and thus unable to produce T cells. In
this experiment we found that the vaccination with irradiated 4T1-S cells was
ineffective to prolong survival rate of BALB/c-nu/nu mice (Fig.3A). Furthermore,

survival of mice vaccinated with irradiated 4T1-S was significantly worse when mice



were challenged with 4T1-S compared to 4T1-A (p=0.0195) (Fig.3A). Again,

vaccination with irradiated 4T1-A cells did not prolong survival rate of BALB/c-nu/nu

mice challenged with 4T1-A or 4T1-S cells (Fig.3B). Thus, these results clearly

indicate that the vaccine effects by 4T1-S are mediated by T cell response.

Injection of 4T1-S increases frequencies of activated CD8 T cells

Next, we aimed to evaluate the frequencies and activation state of CD8 T cells in mice

injected with 4T1-S cells. Since vaccination with irradiated 4T1-S cells resulted in

rejection of inoculated live 4T1-S cells, it was very difficult to compare tumor infiltrating

lymphocytes (TILs) between 4T1-A and 4T1-S tumors after vaccination. Thus, we

evaluated the frequencies and activation state of CD8 T cells in draining lymph nodes

(DLNs) compared to control remote lymph nodes (RLNS).

By macroscopic observation, a significant enlargement in DLNs was observed

when mice were injected with 4T1-S compared to 4T1-A cells, while the size of RLNs

was comparable between the two groups (Fig.4A). Furthermore, total cell number was

remarkably higher in DLNs isolated from 4T1-S-injected mice compared to 4T1-A, but

comparable in RLNs (Fig.4B). Importantly, flowcytometry analysis showed increased

frequencies of activated cytotoxic CD8 T cells in DLNs harvested from mice injected

with 4T1-S compared with 4T1-A (Fig.4C). We also realized that a certain population
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of cells characterized by high forward and side scatter signal values was increased in

DLNs isolated from 4T1-S-injected mice (data not shown). Further flowcytometry

analysis revealed that a population with expression of CD11b and Ly6G myeloid

markers was increased (Fig. 4D). Collectively, these results indicate a unique

capability of 4T1-S to induce a potent anti-tumor CD8 T cell response, and the

involvement of a certain myeloid subpopulation in the immune response triggered by

4T1-S, which should be clarified in detail in further studies.

4T1-A and 4T1-S cells exhibit different molecular expressions

Finally, we aimed to identify the candidate molecules responsible for vaccine effects of

4T1-S cells. In a microarray analysis, we compared molecular expressions between

4T1-A and 4T1-S, and found that several molecules were differentially expressed

between the two subclones (Fig.5A and 5B). Furthermore, we confirmed by

flowcytometry that molecules such as CD54 or CD56 (NCAM-1) were highly

expressed in 4T1-S than 4T1-A (Fig.5C). Based on these results, we chose several

candidate molecules which show high expression in 4T1-S including CD56, Cyp1b1,

Thbs3, Oasla, and Arrbl, and transduced each gene into 4T1-A by transfection. After

confirmation of gene expression by real time PCR (Fig.5D), BALB/c mice were

vaccinated with irradiated transfectants and challenged after 2 weeks with live 4T1-S

11



cells as described in Fig.1. However, these vaccines were ineffective to induce

rejection of inoculated live 4T1-S (Fig.5E). Therefore, further studies are needed to

identify the factors responsible for modifying the immunogenicity of 4T1-S cells.
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Discussion

In this study, we identify a sub cell line, named as 4T1-S, which has spontaneously

acquired high immunogenic properties, represented by inducing tumor rejection of the

same cell line when used as a whole cancer cell vaccine. Since no record of forced

gene transduction or mycoplasma infection is available, we assumed that a

spontaneous mutation in 4T1-S cells has resulted in the modification of its

immunogenicity. In laboratory mice, similar spontaneous mutations were previously

reported. For example, Sakaguchi et al have described a mouse substrain showing

spontaneously developed rheumatoid arthritis phenotype (SKG mice); subsequently

SKG mice were shown to have a point mutation in ZAP-70 gene [15]. Additionally,

recent exome sequencing revealed pathogenic mutations in 91 strains of mice with

Mendelian disorders [16]. Similarly, 4T1-S line might have a substantial mutation

which altered its immunogenicity.

Regarding the mechanism of 4T1-S vaccine, mice challenged with 4T1-S cells

showed significant enlargement of draining lymph nodes, accompanied with

increased frequencies of activated CD8 T cells. The vaccine effect of 4T1-S was

abrogated in nude mice, indicating that this phenomenon is indeed T cell dependent.

In addition to CD8 T cells, 4T1-S vaccine also resulted in increased frequency of a

certain subpopulation of cells characterized with high expression of CD11b and Ly6G.
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CD11b and Ly6G are highly expressed on myeloid cells such as myeloid-derived

suppressor cells (MDSC) and neutrophils [17]. CD11lb+Ly6G+ neutrophils play

important protective roles against viral infections though the secretion of several

inflammatory cytokines. On the other hand, MDSCs suppress immune responses and

contribute importantly to the maintenance of homeostasis [18]. Following induction by

4T1-S vaccine, CD11b+Ly6G+ cells may play a supportive role through the

enhancement of antitumor inflammatory response, or serve as an important

suppression mechanism to regulate adaptive immune response following complete

eradication of tumor cells. The role of CD11b+Ly6G+ population in our model has not

been clarified yet, and further studies are required to understand the significance of

this population on the effects of 4T1-S vaccine.

An interesting observation in this study is the specificity of 4T1-S vaccine against

4T1-S but not 4T1-A cells. Based on this observation, we hypothesised that 4T1-S

express certain specific factors which might be derived from a mutated gene [19].

Comparison of gene expression has revealed that several molecules were more

highly expressed in 4T1-S than 4T1-A cells. However, vaccination with irradiated

4T1-A cells which had been transfected with each of these molecules was ineffective

to induce 4T1-S tumor rejection. Therefore, further studies that utilize more

comprehensive methods such as next generation sequencing are critically needed to
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identify the responsible factors for altering 4T1-S immunogenicity. It is conceivable

that the possible responsible factors are not expressed in non-immunogenic 4T1-S

variants (Fig. 1D), which would be confirmed in our future study.

The process of cancer immunoediting is classified classically into three phases:

elimination, equilibrium and escape [20]. With this in mind, the poorly immunogenic

4T1-A cells locate in the post equilibrium phase, while 4T1-S cells which exhibit

immunogenic properties locate in the elimination phase. This is supported by the fact

that 4T1-S tumors showed delayed growth in vivo compared to 4T1-A tumors,

suggesting that 4T1-S tumors were under immunological pressure in

immunocompetent hosts, and the factors that altered 4T1-S immunogenicity have

redirected 4T1 cells from the post equilibrium phase back to the elimination phase.

In summary, we introduced in this brief report the discovery of a highly

immunogenic breast cancer sub cell line 4T1-S which showed considerable vaccine

effects against the same cell line. It would be possible to expand this discovery to a

new immunotherapy with an approach of regenerative medicine. For example,

dendritic cells from iPS cells could be transduced with the mutated gene which would

be isolated from 4T1-S. Thus, identification of the mechanisms that control the

immunogenicity of 4T1-S cell may contribute to improve the efficacies of clinical

cancer cell vaccines in future treatments.

15



Acknowledgements

This study was supported in part by research grants from the Ministry of Education,
Culture, Sports, Science and Technology of Japan (KS). This work was also

supported in part by the Suhara Foundation (KS).

16



References

1)

2)

3)

4)

5)

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA: a cancer journal for

clinicians 2015; 65:5-29.

Kumiko Saika TS. Epidemiology of Breast Cancer in Japan and the US. JMAJ

2009; 52:39-44.

Burstein HJ, Temin S, Anderson H, Buchholz TA, Davidson NE, Gelmon KE,

Giordano SH, Hudis CA, Rowden D, Solky AJ, Stearns V, Winer EP, Griggs JJ.

Adjuvant endocrine therapy for women with hormone receptor-positive breast

cancer: american society of clinical oncology clinical practice guideline focused

update. Journal of clinical oncology : official journal of the American Society of

Clinical Oncology 2014; 32:2255-69.

Azim HA, Jr., de Azambuja E, Colozza M, Bines J, Piccart MJ. Long-term toxic

effects of adjuvant chemotherapy in breast cancer. Annals of oncology : official

journal of the European Society for Medical Oncology / ESMO 2011;

22:1939-47.

Howard-Anderson J, Ganz PA, Bower JE, Stanton AL. Quality of life, fertility

concerns, and behavioral health outcomes in younger breast cancer survivors:

a systematic review. Journal of the National Cancer Institute 2012;

104:386-405.

17



6)

7)

8)

9)

10)

Kirkwood JM, Butterfield LH, Tarhini AA, Zarour H, Kalinski P, Ferrone S.

Immunotherapy of cancer in 2012. CA: a cancer journal for clinicians 2012;

62:309-35.

Emens LA. Breast cancer immunobiology driving immunotherapy: vaccines

and immune checkpoint blockade. Expert review of anticancer therapy 2012;

12:1597-611.

Wang-Johanning F, Rycaj K, Plummer JB, Li M, Yin B, Frerich K, Garza JG,

Shen J, Lin K, Yan P, Glynn SA, Dorsey TH, Hunt KK, Ambs S, Johanning GL.

Immunotherapeutic potential of anti-human endogenous retrovirus-K envelope

protein antibodies in targeting breast tumors. Journal of the National Cancer

Institute 2012; 104:189-210.

Hailemichael Y, Dai Z, Jaffarzad N, Ye Y, Medina MA, Huang XF,

Dorta-Estremera SM, Greeley NR, Nitti G, Peng W, Liu C, Lou Y, Wang Z, Ma

W, Rabinovich B, Sowell RT, Schluns KS, Davis RE, Hwu P, Overwijk WW.

Persistent antigen at vaccination sites induces tumor-specific CD8(+) T cell

sequestration, dysfunction and deletion. Nature medicine 2013; 19:465-72.

Wu X, Peng M, Huang B, Zhang H, Wang H, Huang B, Xue Z, Zhang L, Da Y,

Yang D, Yao Z, Zhang R. Immune microenvironment profiles of tumor immune

equilibrium and immune escape states of mouse sarcoma. Cancer letters 2013;

18



11)

12)

13)

14)

15)

16)

340:124-33.

Mittal D, Gubin MM, Schreiber RD, Smyth MJ. New insights into cancer

immunoediting and its three component phases--elimination, equilibrium and

escape. Current opinion in immunology 2014; 27:16-25.

Haikerwal SJ, Hagekyriakou J, MacManus M, Martin OA, Haynes NM. Building

immunity to cancer with radiation therapy. Cancer letters 2015.

Matthew R. Buckwalter PKS. Mechanism of dichotomy between CD8+

responses elicited by apoptotic and necrotic cells. Cancer immunity 2013;

13:13.

Matsumura S, Wang B, Kawashima N, Braunstein S, Badura M, Cameron TO,

Babb JS, Schneider RJ, Formenti SC, Dustin ML, Demaria S.

Radiation-Induced CXCL16 Release by Breast Cancer Cells Attracts Effector T

Cells. The Journal of Immunology 2008; 181:3099-3107.

Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, Somasundaran M,

Sullivan JL, Luzuriaga K, Greenough TC, Choe H, Farzan M.

Angiotensin-converting enzyme 2 is a functional receptor for the SARS

coronavirus. Nature 2003; 426:450-4.

Fairfield H, Srivastava A, Ananda G, Liu R, Kircher M, Lakshminarayana A,

Harris BS, Karst SY, Dionne LA, Kane CC, Curtain M, Berry ML, Ward-Bailey

19



17)

18)

19)

20)

PF, Greenstein |, Byers C, Czechanski A, Sharp J, Palmer K, Gudis P, Martin W,
Tadenev A, Bogdanik L, Pratt CH, Chang B, Schroeder DG, Cox GA, Cliften P,
Milbrandt J, Murray S, Burgess R, Bergstrom DE, Donahue LR, Hamamy H,
Masri A, Santoni FA, Makrythanasis P, Antonarakis SE, Shendure J, Reinholdt
LG. Exome sequencing reveals pathogenic mutations in 91 strains of mice with
Mendelian disorders. Genome research 2015; 25:948-57.

Fischer MA, Davies ML, Reider IE, Heipertz EL, Epler MR, Sei JJ, Ingersoll MA,
Rooijen NV, Randolph GJ, Norbury CC. CD11b" , Ly6G" cells produce type |
interferon and exhibit tissue protective properties following peripheral virus
infection. PLoS Pathog 2011; €1002374.

Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regulators of
the immune system. Nat Rev Immunol 2009; 9:162-74.

Gubin MM, Zhang X, Schuster H, Caron E, Ward JP, Noguchi T, Ivanova Y,
Hundal J, Arthur CD, Krebber WJ, Mulder GE, Toebes M, Vesely MD, Lam SS,
Korman AJ, Allison JP, Freeman GJ, Sharpe AH, Pearce EL, Schumacher TN,
Aebersold R, Rammensee HG, Melief CJ, Mardis ER, Gillanders WE, Artyomov
MN, Schreiber RD. Checkpoint blockade cancer immunotherapy targets
tumour-specific mutant antigens. Nature 2014; 515:577-81.

Dunn GP, Bruce AT, lkeda H, Old LJ, Schreiber RD. Cancer immunoediting:

20



from immunosurveillance to tumor escape. Nature immunology 2002;

3:991-998.

21



Figure Legends

Figure.l Vaccination with irradiated 4T1-S cells prolongs survival of mice

challenged with 4T1 breast cancer cells

(A) A scheme of vaccination experiment. BALB/c mice were vaccinated with irradiated
AT1-A or 4T1-S (2 X 10°), and challenged after 2 weeks with 4T1 cells (5 X 10%
injected into the mammary glands.

(B) Survival rate after challenge with live 4T1 cells in mice vaccinated with irradiated
4T1-S cells.

(C) Survival rate after challenge with live 4T1 cells in mice vaccinated with irradiated
4T1-Acells.

(D) Survival rate after challenge with live 4T1 cells in mice vaccinated with 6 different

subclones of either 4T1-A or 4T1-S.

Figure.2 Similar morphology but different proliferative rates between 4T1-A and
4T1-S

(A) Photomicrographs of 4T1-A and 4T1-S cells. Scale bars: 100 pym.

(B) Proliferative rates compared between 4T1-A and 4T1-S cells in in vitro culture.
(C) Tumor growth in mice injected with 4T1-A or 4T1-S cells.

(D) Survival rate after injection with 4T1-A or 4T1-S cells.
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*P < 0.05, **P < 0.01.

Figure.3 Vaccine effects of irradiated 4T1-S cells depend on T cell response

(A) Survival rate after challenge with live 4T1-S cells in BALB/c-nu/nu mice vaccinated
with irradiated 4T1-S cells.

(B) Survival rate after challenge with live 4T1-S cells in BALB/c-nu/nu mice vaccinated

with irradiated 4T1-A cells.

Figure.4 Vaccination with irradiated 4T1-S induces immunological changes in

draining lymph nodes

(A) Macroscopic photographs of draining lymph nodes (DLNs) or remote lymph nodes
(RLNs) isolated from mice challenged with subcutaneous injection of 4T1-A or
4T1-S cells (2 X 10°).

(B) Comparison of total cell numbers in DLNs or RLNs described in (A). *P < 0.05.

(C) Flowcytometry analysis of the frequencies of CD8+CD69+ T cells (gated on CD3+
cells) in DLNs or RLNs described in (A).

(D) Flowcytometry analysis of the frequencies of CD11b+Ly6G+ myeloid cells in DLNs

or RLNs described in (A).

23



Figure.5 Different molecular expression is observed between 4T1-A and 4T1-S

(A) MA plots reveal gene expression in 4T1-A and 4T1-S cells.

(B) Heat maps for gene expression analysis by microarray data between 4T1-A and

4T1-S described in (A). A1-A2 and S1-S2 represent 4T1-A and 4T1-S,

respectively.

(C) Expression of representative cell surface molecules in 4T1-A and 4T1-S cells by

flowcytometry. Gray histogram: 4T1-A, Solid line: 4T1-S.

(D) Overexpression of indicated genes in 4T1-A was confirmed by real time PCR.

(E) Tumorigenesis in mice vaccinated with irradiated transfectants and challenged

with live 4T1-S. Tumor formation was estimated by macroscopic observation of

established tumors at day 30.
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MA plot (ATCC vs Sapporo)
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