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ABSTRACT
HLA-A*0201/DRB1*0101 transgenic mice (A2/DR1 mice) have been developed 

to study the immunogenicity of tumor antigen-derived T cell epitopes. To extend the 
use and application of this mouse model in the field of antitumor immunotherapy, 
we described a tumor cell line generated from a naturally occurring tumor in A2/
DR1 mouse named SARC-L1. Histological and genes signature analysis supported 
the sarcoma origin of this cell line. While SARC-L1 tumor cells lack HLA-DRB1*0101 
expression, a very low expression of HLA-A*0201 molecules was found on these 
cells. Furthermore they also weakly but constitutively expressed the programmed 
death-ligand 1 (PD-L1). Interestingly both HLA-A*0201 and PD-L1 expressions can be 
increased on SARC-L1 after IFN-γ exposure in vitro. We also obtained two genetically 
modified cell lines highly expressing either HLA-A*0201 or both HLA-A*0201/ 
HLA-DRB1*0101 molecules referred as SARC-A2 and SARC-A2DR1 respectively. All 
the SARC-L1-derived cell lines induced aggressive subcutaneous tumors in A2DR1 
mice in vivo. The analysis of SARC-L1 tumor microenvironment revealed a strong 
infiltration by T cells expressing inhibitory receptors such as PD-1 and TIM-3. Finally, 
we found that SARC-L1 is sensitive to several drugs commonly used to treat sarcoma 
and also susceptible to anti-PD-L1 monoclonal antibody therapy in vivo. Collectively, 
we described a novel syngeneic tumor model A2/DR1 mice that could be used as 
preclinical tool for the evaluation of antitumor immunotherapies.

INTRODUCTION

The presence of a competent immune system, whereby 
tumor antigens are recognized as foreign and eliminated, is 
fundamental to the prevention of cancer development and 
progression. Molecular identification of tumor rejection 
antigen has helped define several classes of antigen. To 

evaluate the immunogenicity of tumor antigen-derived T 
cell epitopes in vivo, various HLA class I or HLA class II 
transgenic mouse models have been developed [1–5]. 

Among these mouse models, Lemonnier laboratory 
has created the new generation of humanized HLA-
transgenic mice like the HLA-A*0201/DRB1*0101  
(A2/DR1) mouse model. These mice are H-2 class I and IA  
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class II knockout, and their CD8+ and CD4+ T cells are 
restricted by the sole HLA-A*0201 and HLA-DR1*0101 
molecules, respectively [6]. According to the high 
frequency of these HLA alleles in the world population 
[7], this mouse model gained considerable interest in the 
field of tumor immunology. We and others previously used 
it for the identification and immunogenicity evaluation of 
T cell epitopes derived from many tumor antigens such as 
telomerase, Her-2/neu and NY-ESO-1 [8–12]. However, 
the use of these A2/DR1 mice is limited by the absence 
of suitable tumor models to evaluate the ability of tumor-
derived epitopes to promote tumor rejection. Indeed, only 
non-syngeneic tumor cell lines engineered to express tumor 
antigens and HLA molecules were commonly used in 
these HLA transgenic mice [8, 13–15]. As these cell lines 
still express endogenous H2 class I and II molecules, the 
induction of non-specific T responses in vivo could not be 
excluded. This represents an important bias in the context 
of antitumor T cell response study. Considering these 
limitations, Schumacher et al. recently used a syngeneic 
tumor derived from a 3-methylcholantrene-induced 
sarcoma in A2/DR1 mouse model [11]. Here we described 
a non-chemical-induced tumor cell line derived from a 
spontaneously arising tumor in an A2/DR1 mouse named 
SARC-L1. This tumor cell line presents histological and 
genomic features consistent with a sarcoma and induces 
high aggressive tumors in vivo. In addition, SARC-L1 tumor 
cells express programmed death-ligand 1 (PD-L1) and the 
tumor microenvironment is highly infiltrated by T cells. 
Taken together, these results support the potential use of 
SARC-L1 tumor model for the evaluation of T cell based 
anticancer immunotherapies in A2/DR1transgenic mice.

RESULTS

Characterization of a novel syngeneic sarcoma 
tumor in HLA-A*0201/HLA-DR*0101 
transgenic mice

This novel tumor cell line was generated from 
naturally spontaneous tumor appeared in a 23-months-
old A2/DR1 mouse as described in material and method. 
Tumor was filtered and cell line was obtained after long 
term in vitro culture and serial transplantation (Figure 1A). 
In culture dish, SARC-L1 cell line appears fusiform 
shaped with long cytoplasmic extensions and is adherent 
cell line (Figure 1B). Its female origin was confirmed 
by the absence of amplification of Sry gene (Figure 1C). 
Phenotypical analysis showed that this cell line lacks the 
expression of leucocyte common antigen CD45 supporting 
its non-hematopoietic origin. SARC-L1 expressed neither 
epithelial cell marker E-cadherin nor the cell adhesion 
molecule EpCAM, but expressed the mesenchymal marker 
vimentin (Figure 1D and 1E).

The histological analysis showed that the nodular 
tumor is composed of spindle-shaped cells organized in 

intersecting long fascicles with a chevron-like pattern. Few 
foci of short fascicles with storiform pattern were found 
(Figure 1F). The cells have long nuclei with rounded ends 
and the stroma was poor with few collagen fibers. The 
presence of inflammatory cells such as lymphocytes and 
histiocytes was also found in the tumor microenvironment 
(TME) (Figure 1F right panel). We found intensive 
expression of the alpha-smooth muscle actin and absence 
of desmin, PS100 and cytokeratin (Figure 1G).Thus the 
morphological aspect of spindle cells and the expression 
of alpha-smooth muscle actin without epithelial or 
melanocytic markers support a sarcoma origin. 

Genes expression profiling of SARC-L1 was 
performed using RNAsequencing. Nearly 3500 gene 
transcripts were detected. The analysis of molecular 
pathways involved using Enrichr website (http://amp.
pharm.mssm.edu/Enrichr [16]) revealed statistically 
significant enrichment in different clusters of genes 
(Figure 2A). One of these clusters indicated that SARC-L1 
cells harboured a strong activity in the RAS/MAPK 
pathway. Indeed, expressions of KRAS, BRAF, RAF1, 
MAP2K1, MAP2K2, MAPK1, MAPK7, MAPK12, CCM2, 
RAB1, RAB1b, RAB2a, RAB3gap2, RAB10, RAB18, 
and RAB26 were detected and confirmed the sarcoma 
origin [17, 18]. Other pathways corresponding to cancer 
proliferating cells were also enriched such as cell cycle, 
response to TGF-β and signal transduction. Moreover, 
the detection by RT-PCR of specific sarcoma genes like 
ARSG, MYLK, and NBEA confirmed our assumption, 
even though the level of expression of ARSG and MYLK 
were lower than that of mouse sarcoma WEHI-164  
cell line used as positive control (Figure 2B and 2C). Thus, 
all these different molecular pathways identified SARC-L1 
as a novel sarcoma-derived cell line.

Effect of sarcoma-related cytotoxic drugs on 
SARC-L1

The sarcoma origin prompted us to evaluate 
SARC-L1 sensitivity to various classes of cytotoxic drugs 
commonly used to treat human cancer such as platinum, 
antimetabolite, taxane, anthracyclin and alkylating agents. 
Cells were cultured in presence or not of increasing 
concentrations of each drug for 48 hours and cell apoptosis 
was measured by annexin-V/7-AAD staining as detailed in 
material and method. In contrast to platinum and taxane, 
antracyclin and antimetabolite agents induced a high rate 
of cell apoptosis (Figure 3A). The cell apoptosis induced 
by the antracyclin (doxorubicin or epirubicin) and the 
alkylating agent (dacarbazine) was dose-dependent. The 
antimetabolite (gemcitabine or methotrexate) induced 
significant cell death at low concentration in vitro 
(Figure 3A and Table 1). We next evaluated the cytotoxic 
drugs effects against SARC-L1 in vivo. To this end 
SARC-L1 bearing-A2/DR1 mice were treated with the 
indicated drugs. We observed that all these drugs induced 
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a delay of SARC-L1 tumor growth but not complete 
tumor regression (Figure 3B). Similarly to the in vitro 
study, gemcitabine was found more effective against 
SARC-L1 in vivo as compared to cisplatin or doxorubicin 
(Figure 3B and 3C). Thus, SARC-L1 is susceptible to 
most sarcoma-related chemotherapies.

High T cell infiltration within SARC-L1 tumors 

We first study the MHC molecules expression 
on SARC-L1 by using flow cytometry and confocal 
microscopy. While low expression of HLA-A2 molecule 
was observed on SARC-L1, this cell line lacks HLA-DR 

Figure 1: Novel transplantable sarcoma cell line in A2/DR1 mice. (A) Generation of the mouse sarcoma cell line derived 
from a naturally occurring tumor in a 23- months-old female A2/DR1 mouse. (B) contrast microscopy aspects are shown. (C) Sry male-
specific amplification from SARC-L1 cell line, and from female and male tissues by PCR. lane 1: 100 bp marker, lane 2: SARC-L1 
DNA, lane 3: female DNA, lane 4: male DNA. (D) CD45 and EpCAM surface expression (solid line), and isotype (dotted line). (E) 
E-cadherin and vimentin expression by western blot analysis from SARC-L1, HT-29 (epithelial control) and CT26 (mesenchymal control). 
(F) Morphological analysis (hemalun and eosin staining) of SARC-L1 tumor. (G) Immunohistochemistry on SARC-L1 tumor with a 
positive staining for anti-alpha-smooth muscle actin antibody (left) and a negative staining for anti-pankeratin (middle left), anti-PS100 
(middle right), anti-desmin (right).
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expression (Figure 4A and 4B). Similar low expression 
of HLA-A2 was found ex vivo on freshly isolated tumor 
cells from A2/DR1 mice (data not shown). Interestingly, 
HLA-A2 expression but not HLA-DR expression 
increased after IFN-γ exposure in vitro (Figure 4C). 
As expected, SARC-L1 did not express H-2Kb, H-2Kd 
and IA/IE molecules supporting A2/DR1 mouse origin 
(Figure 4D).

To study the composition of immune cell infiltrate 
within SARC-L1 tumors, we performed flow cytometry 
analysis of tumors freshly isolated from A2DR1 mice. 
We showed that the microenvironment of SARC-L1 
was highly infiltrated by CD3+ T cells which represents 
76.8% of CD45+ TILs (Figure 4E). Among them the 
CD4 and CD8 T cell subsets represented 64.0% ± 3.5 % 
and 8.12 % ± 0.9 % of tumor infiltrating lymphocytes 
(TILs) respectively. The difference between the 
percentage of tumor-infiltrating CD4 and CD8 T cell 
is consistent with that commonly found in the spleen 
of tumor-free A2DR1 mice (data not shown). The B 
cells (CD45+CD3−CD19+) represented 18.1% ± 2.6% 
of TILs. In contrast NK cells (CD3−NK1.1+) and NKT 
cells (CD3+NK1.1+) were marginally represented (less 
than 1% of CD45+ cells) (Figure 4E). Next, we analyzed 
the immunosuppressive cells such as regulatory T 
cells (Tregs) and myeloid derived-suppressive cells 
(MDSC) within the TME. As shown in Figure 4F, Tregs 

(CD45+CD4+CD25+FoxP3
+ 2.5% ± 0.2%) and MDSCs 

(CD45+CD11b+Gr1+, 6.4% ± 1.3%) were detected within 
TME. Collectively SARC-L1 cells naturally express low 
level of HLA molecules and its tumor microenvironment 
is highly infiltrated by T cells.

IFN-γ inducible PD-L1 expression on SARC-L1 

The programmed death-ligand1 PD-L1 expression is 
a dominant mechanism used by tumor cells to escape from 
the T cells attack. Its expression is constitutively driven by 
aberrant oncogenic pathways or by a process named adaptive 
immune resistance that involves IFN-γ [19, 20]. Then, we 
investigated the PD-L1 expression by flow cytometry and 
found a constitutive but low expression of this immune 
checkpoint on SARC-L1 (Figure 5A). This result was 
also confirmed by confocal microscopy (Figure 5B). As 
shown in Figure 5C, PD-L1 expression on SARC-L1 is 
increased upon IFN-γ exposure in vitro, suggesting it may 
be induced by adaptive immunity in vivo [20]. It has been 
reported that PD-L1 could be induced on tumor cells upon 
treatment with chemotherapeutic agents that induce cell 
death signaling in vitro [21]. However cytotoxic drugs such 
as doxorubicin, gemcitabine and cisplatin did not influence 
PD-L1 expression on SARC-L1 (Figure 5D). 

To assess whether PD-L1 could interact in vivo  
with the inhibitory receptor programmed-death  

Figure 2: Genes expression profiling of SARC-L1. (A) Representative cluster of significant enrichment of biological processes 
obtained with Enrichr website. MAPK pathway, cell cycle processes and TGFβ response are highly activated in this cell line. B, C 3 
related sarcoma genes (NBEA, ARSG, MYLK) were quantified by real-time quantitative PCR (B) Electrophoresis was performed with 
the products from the RTqPCR in a 2% agarose gel. (C) Relative expression of NBEA, ARSG and MYLK genes of SARC-L1 cell using 
WEHI-164 cells as gene of reference. The mRNA transcripts were calculated using the 2^ΔΔCt method. Amplification of the samples was 
performed in duplicate and the G6PDH mRNA transcript was used as housekeeping gene of reference (three independent experiments).
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(PD-1), we analyzed both PD-L1 and PD-1 
expressions within the SARC-L1 TME. Similarly 
to in vitro experiments, we found a weak level of 
PD-L1 expression on tumor cells freshly isolated 
from A2/DR1 mice (Figure 5E). As shown in Figure 
5F both CD4+ and CD8+ TILs expressed PD-1.  
Moreover the expression of TIM-3, another inhibitory 
receptor involved in T cell exhaustion, was detected on 

CD4+ and CD8+ TILs (Figure 5F). Given the presence 
of a PD-1/PD-L1 axis in SARC-L1 TME, we assessed 
the antitumor effect of therapy using an anti-PD-L1 
blocking antibody. As depicted in Figure 5G, anti-PD-L1 
treatment can inhibit tumor progression in SARC-L1 
tumor-bearing mice. Moreover this therapy was 
associated with an increase of CD8+ TILs and CD8+TIL/
Treg ratio (Figure 5H). Thus, the presence of PD-L1 

Figure 3: Effect of human sarcoma-related cytotoxic drugs on SARC-L1 cells. (A) cells were cultured in presence of 
increasing doses of chemotherapies during 48 h and the percentage of apoptotic cells was measured using Annexin-V/7-AAD staining. Dot 
plots of SARC-L1 cells and percentage of early (Annexin-V+/7−AAD−) and late (Annexin-V+/7−AAD+) apoptotic cells. Dot plots are 
representative of three independent experiments. Bars represent means + SEM from the three independent experiments. (B) Average tumor 
size in the groups of A2/DR1-mice treated by i.p injection of gemcitabine 120 mg/kg, or cisplatin 7.5 mg/kg or doxorubicin 5 mg/kg, or 
saline (group control). Mean +/− SEM (n = 4–5 mice/group) *P < 0.05; ***P < 0.001 (Student test). (C) Kaplan–Meier curves. Log-rank 
(Mantel-Cox) tests are shown: *P < 0.05;  **P < 0.01 ***P < 0.001.
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expression on SARC-L1 makes this cell line targetable 
by PD1/PD-L1 pathway inhibitors in A2DR1 mice.

Engineering SARC-L1 to overexpress HLA-A2 
and HLA-DR molecules 

To optimize the use of SARC-L1 in the context of 
T cell-based anticancer immunotherapies, we engineered 
SARC-L1 cells to co-express HLA-A2.1 and HLA-
DR1 molecules. To this end we transduced them with 
gamma retroviral vectors encoding HLA-A2.1 and HLA-
DR1. We obtained two genetically modified cell lines 
expressing HLA-A2.1 or both HLA-A2.1 and HLA-DR1 
molecules, referred to as SARC-A2 and SARC-A2DR1 
respectively. These cell lines expressed higher level of 
the two HLA molecules than parental SARC-L1 cell line 
(Figure 6A). Like for wild-type SARC-L1 cells, PD-L1 
expression was also inducible by mIFN-γ on these cell 
lines (data not shown). Next, tumorigenicity of SARC-A2 
and SARC-A2DR1 was investigated in A2/DR1 mice. 
As expected these cell lines were able to induce tumors 
after engraftment. However a delay of tumor growth was 
observed especially with SARC-A2DR1 as compared 
to SARC-L1 cell line (Figure 6B). Furthermore the 
composition of immune infiltrative cells was similar to 
the SARC-L1 tumor especially regarding the strong level 
of T cell infiltration.

Thus, SARC-A2 and SARC-A2DR1 cell lines could 
be a used as a preclinical tool to evaluate T cell-based 
immunotherapy in the context of HLA-A2 and HLA-DR1.

DISCUSSION

In this study, we characterized a novel tumor cell 
line transplantable in A2/DR1 mouse named SARC-L1. 

This syngeneic tumor cell line was generated from a 
spontaneous tumor occurring in A2/DR1 transgenic 
mouse. Histological and genomic analysis revealed the 
sarcoma origin of SARC-L1.This cell line shows a high 
expression of vimentin, indicating its mesenchymal 
phenotype and supporting the aggressiveness of tumor 
growth in mice [22, 23]. Subcutaneous engraftment 
induced an aggressive tumor in A2/DR1 mice. However, 
the ability of SARC-L1 cell line to induce spontaneous 
metastasis was not clearly studied and needs future 
investigations.

As expected SARC-L1 did not express HLA DR 
molecules on cell surface [24, 25] but  express low 
level of HLA-A2. Consequently, we speculate that 
the poor expression of HLA molecules on SARC-L1 
cells allow them to escape from adaptive immunity. 
Interestingly HLA-A2 expression on SARC-L1 
was increased after IFN-γ exposure, suggesting a 
quantitative abnormality of the HLA class I pathways 
as previously described in sarcoma [26, 27]. This 
overexpression of HLA-A2 could favor the recognition 
of SARC-L1 by CD8+ TILs cells within the tumor bed. 
In this line, engineering SARC-L1 to highly express 
HLA-A2 and HLA-DR1 molecules obviously increase 
its immunogenicity. This is exemplified by the delay of 
tumor growth observed in some A2/DR1 mice engraft 
mainly with SARC-L1 co-expressing both HLA-A2 
and HLA-DR molecules. Like the parental SARC-L1, 
high T cell infiltration was found in SARC-A2 and 
SARC-A2DR1 tumors. Thus, these cell lines represents 
a suitable tumor model to evaluate the efficiency of 
antitumor immunotherapy in the context of HLA-A2 
and HLA-DR1 restriction.

This last decade, the role of PD-1/PD-L1 axis has been 
extensively investigated in several cancers. This pathway 

Table 1: SARC-L1 sensitivity to Cytotoxic drugs in vitro

Drugs
% cell apoptosis (Annexin-V+)

C1 C2 C3

Antimetabolite
Gemcitabine 83.2 ± 10.3 82.6 ± 12.2 87.2 ± 9.2
Methotrexate 49.9 ± 35.3 80.8 ± 2.8 86.6 ± 5.0

Platinum-based drugs
Cisplatin 8.6 ± 2.7 22.1 ± 7.6 45.8 ± 18.1

Oxaliplatin 10.8 ± 8.9 26.6 ± 30.2 40.8 ± 30.1

Taxane
Docetaxel 37.0 ± 24.9 45.1 ± 24.6 47.0 ± 26.1
Paclitaxel 15.5 ± 12.9 37.7 ± 22.2 46.9 ± 29.8

Anthracycline
Doxorubicin 66.5 ± 13.4 87.3 ± 13.1 90.6 ± 10.4
Epirubicin 85.7 ± 12.1 86.8 ± 12.5 85.7 ± 6.8

Alkylating agents Dacarbazine 39.2 ± 39.8 49.9 ± 32.5 82.3 ± 13.45

Drug concentrations were detailed in Material and Method section. Data represent mean ± SEM of percentage of cell apoptosis 
(Annexin-V+ cells) induced by different cytotoxic drugs at three increasing concentrations. Results represent at least three 
independent experiments.
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Figure 4: Analysis of MHC molecules expression by SARC-L1 cell line. (A–D) Representative MHC molecules expression by 
SARC-L1. Human MHC (HLA-A2, and HLA-DR) are shown by flow cytometry (A) and confocal microscopy (B). Expression of HLA-A2 
and HLA-DR on SARC-L1 cell line cultured in vitro in presence of murine recombinant IFN-γ (100 ng/ml) (D) Representative mouse 
murine MHC molecules expression by SARC-L1 (H2 Kb, H2 Kd, IA/IE). Specific markers (black line), isotype control (dotted line). (E, F) 
Tumor microenvironment of SARC-L1 in A2/DR1 mice were analyzed among CD45 positive tumor infiltrating cells. Gating strategy 
(left), histogram (right) represents mean of percentage +/− SEM (bar) ofimmune cells subpopulation (n = 10 mice). Effector cells (E) and 
immunosuppressive cells (F) Results are representative of three experiments analysed independently.
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Figure 5: Presence of PD-1/PD-L1 axis in SARC-L1 tumor microenvironment A-B PD-L1 expression on SARC-L1 by flow cytometry 
(A) and confocal microscopy (B, C) PD-L1 expression on SARC-L1 by flow cytometry. SARC-L1 cells were cultured in presence of 
recombinant mIFN-γ or (D) indicated chemotherapies during 24 h (E) PD-L1 expression on ex vivo freshly isolated tumor cells from A2/
DR1 mouse (F) PD-1 and TIM-3 expression. Representative histogram (right) in percentages +/− SEM (bar) of PD-1+ or TIM-3+ among 
CD4+ and CD8+ TILs cells (n = 10 mice) (G) Individual tumor size in SARC-L1 tumor bearing mice (n = 8 mice/group) treated with anti-
PD-L1 or isotype control (untreated). Mice were treated or not by 4 × 200 µg anti-PD-L1 (n = 4–5 mice). (H) Percentage of CD8+ CD3+ 
TILs (left), CD8+ TIL/Treg ratio (right) in each group. Histogram represent mean + SEM.
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represents a major immune escape mechanism developed 
by many tumors [28, 29]. We observed on SARC-L1 a 
low level of PD-L1 expression which is highly increased 
after IFN-γ exposure. This suggests that both constitutive 
oncogenic and adaptive immune resistance mechanisms can 
drive PD-L1 expression on this cell line [28]. Although a 
strong activity in the RAS/MAPK pathway was found in 
SARC-L1 cell line, the association between oncogenic driver 
mutations and PD-L1 expression has not been explored 
in this study. Then we believe that the PD-L1 induction 
by IFN-γ might create a barrier against effector CD8 
TILs attack [19, 28, 30]. The importance of PD-1/PD-L1  
interaction in this tumor model is further supported by the 
ability of anti-PD-L1 therapy to delay SARC-L1 tumor 
growth and to increase CD8+ TILs infiltration.

In conclusion, we described a novel non chemical-
induced sarcoma tumor model (SARC-L1) from A2/
DR1 mice. This syngeneic tumor model is suitable to 
investigate tumor antigens immunogenicity in the context 
of HLA-A2 and HLA-DR1 restriction. The presence of 
PD1/PD-L1 axis in SARC-L1 also offers an attractive 
tool to evaluate immune checkpoint inhibitors and 
combinations approaches. 

MATERIALS AND METHODS

Mice 

HLA-DRB1*0101/HLA-A*0201 transgenic mice 
(A2/DR1 mice) have been previously described [6]. 
Mice were purchased at the production from the center 
of “Cryopreservation, Distribution, Typage et Archivage 
Animal”. Male or female mice aged of 6 to 10 weeks were 
used in the experiments. All experiments were carried out 
according to the good laboratory practices defined by the 
animal experimentation Rules in France.

Tumor cell line generation

A spontaneous subcutaneous tumor occurring in a 
23-months-old female A2/DR1 transgenic mouse has been 
excised. Then tumor cells have been separated by filtration 
on 700 nm filter (Miltenyi, France) and a cell line was 
obtained after long term of in vitro culture. To generate a 
syngeneic cell line transplantable in A2/DR1 mouse, this 
cell line was subcutaneously injected into the flanks of 
female A2/DR1 mouse and the cell line was derived from 

Figure 6: Transduction of SARC-L1 with syngeneic MHC-Class I and II molecules as potential tools to improve 
tumor-specific immunity model. (A) MHC-Class I (HLA-A2.1) and MHC-Class II (HLA-DR.1) expression on SARC-A2 and SARC-
A2DR1 tumor cells cultured overnight in the presence or not of recombinant mouse IFN-γ. (B) Tumor size measurement in A2/DR1 mice 
engrafted with 2.105 SARC-L1, SARC-A2 or SARC-A2DR1 cells (n = 10–17 mice).
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successful tumor graft. This protocol has been repeated 
five times to have a reproductive tumor growth at 2.105 

cells both in female and male mice (Figure 1A). The tumor 
cell line generated was cultured in RPMI 1640 (Gibco, 
France) supplemented with 10 % fetal calf serum (Gibco, 
France) and 1% penicillin/streptomycin (Gibco, France)

Morphological and immunohistochemical 
analysis

Tissue samples were fixed in 4% formalin and were 
paraffin-embedded. Four micrometer routinely processed 
paraffin sections were performed for standard coloration 
by hemalun and eosin and for immunohistochemistry 
using a VentanaBenchMark XT immunostainer (Ventana 
medical system, Tucson, Arizona). Immunostaining was 
performed with the following primary antibodies: anti-
cytokeratin (Clone AE1/AE3, Ménarini, 1/400), anti-
actin (Clone 1A4, Dako, 1/300), anti-desmin (Clone D33, 
Dako, 1/100) and anti-PS100 (polyclonal rabbit antibody, 
Leica, 1/400).

Western blot 

Cells were harvested and lysed as previously 
described [12]. The blots were incubated with specific 
antibodies as follows: E-cadherin, Vimentin, (Cell 
Signaling, Montigny-le-Bretonneux, France), β-actine 
(Sigma Aldrich, Saint Quentin, France). Blotted proteins 
were detected and quantified on a bioluminescence imager 
and BIO-1D advanced software (Wilber-Lourmat, France), 
after incubating blots with a horseradish peroxidase 
conjugated appropriate secondary antibody (Beckman 
Coulter, Villepinte, France).

Genotyping and transcriptomic analysis 

DNA from SARC-L1cell line was extracted by 
DNeasy Blood and Tissue Kit (Qiagen). With genomic 
DNA from tail biopsy, mice were genotyped by PCR for 
the sex determining Y region (Sry). PCR using a set of 
primers specific for the Sry male-specific primers pair 
generated a 402 bp length band in male derived DNA that 
was absent in female-derived DNA. The PCR primers 
used were 5′- ATGGAGGGCCATGTCAAG-3′ and 
5′-AACAGGCTGCCAATAAAAGC-3′. For preparation 
of RNA-sequencing libraries, total RNA from cells was 
extracted with Trizol reagent. mRNA were purified with 
NEBNext Poly(A) mRNA magnetic module and used for 
the library preparation with a NEBNext Ultra RNA library 
kit for Illumina according to the manufacturer’s instructions. 
RNA sequencing was performed on a MiSeq device. The 
libraries were sequenced with paired-end 75-base paired 
reads. More than 5 million reads were produced for each 
library. For gene expression profile of specific sarcoma 

genes (ARSG, MYLK, NBEA), real time quantitative 
polymerase chain reaction (qRT-PCR) (Thermofisher, 
France) was performed using primer sets listed as follows 
: NBEA (Mm01281997_g1), ARSG (Mm00546931_
m1), MYLK (Mm00546931_m1) (Assay On Demand, 
Applied Biosystems). RT-qPCR was performed on the 
iCycler CFX96 realtime PCR system (Bio-Rad). Relative 
expression for the mRNA transcripts was calculated 
using the 2−ΔΔCt method and GAPDH mRNA transcript as 
housekeeping gene of reference. The mouse sarcoma cell 
line WEHI-164 cell line was used as positive control.

Flow cytometry

For the analysis of MHC molecules expression 
by SARC-L1, cells were stained with the following 
fluorescent conjugated monoclonal antibodies: Anti-
2Kb, (clone AF6-88.5.5.3,); anti-H-2Kdand anti-IA/IE 

(Ebiosciences, France);  anti-HLA-A2 (BD Biosciences, 
France); anti-HLA-DR (Diaclone, France) or with their 
respectively isotype control. For tumor infiltrating immune 
cells analysis, tumor cells were mechanically dissociated 
(GentleMax, Miltenyi, France) tumor infiltrating 
lymphocytes were separated on a Percoll (Sigma-Aldrich, 
France) density gradient. Lymphocytes layer was collected 
and stained with the following fluorescent conjugated 
monoclonal antibodies: anti-CD3,anti-CD4, anti- CD8, 
anti-Gr1, anti-PD-L1 (Biolegend, France), anti-CD11b, 
anti- FoxP3, anti-CD25 (eBiosciences, France), anti-
PD-1, and anti-TIM-3 (Miltenyi, France), fixable viability 
stain (BD, France). The tumor cells fraction was stained 
withanti-CD45, anti-PD-L1, anti-HLA-A2 and anti-HLA-
DR (BD Biosciences, France) and fixable viability stain 
(Biolegend, France).Samples were acquired on a FACS 
Canto II (BD Biosciences, France) and analyzed with the 
BDFacsDIVA or FlowJo software.

Confocal microscopy

HLA A2, HLA-DR and PD-L1 expression were 
evaluated by immunofluorescent staining.  SARC-L1 
were cultured overnight. Then were washed with PBS, 
fixed with 3.7% formaldehyde and washed with PBS 1% 
FBS. Cells were incubated 2 hours with 1/200 diluted 
primary antibodies: anti-HLA-class I (clone W6/32, 
Santacruz) and anti HLA-DR (clone YE2/36 HKL, 
Thermofisher) and stained with the secondary antibody 
during 2 hours (anti-mouse IgG2a AF594, Jackson; 
anti-rat IgG2a Dylight488, Thermofischer). For PD-L1 
confocal staining, SARC-L1 were directly incubated with 
coupled anti-PDL1 antibody (clone 10F.9G2). Finally, 
cells were washed with PBS and stained with DAPI 
(Invitrogen) and mounted in Dako mounting medium. 
Samples were imaged using Olympus IX81 scanning 
confocal microscope.
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In vitro cell apoptosis induction with 
chemotherapies

SARC-L1 cells were cultured in vitro in presence 
of different class of cytotoxic drugs used against 
human cancer (platinum, antimetabolites, taxanes, 
anthracyclines and alkylating agents). For cell death 
analysis, SARC-L1 cells were cultured in 24-well plates 
(1 × 105 cells per well)in presence or not of each drug 
at 3increasing concentrations according to previous 
studies. The following drugs (C1; C2; C3) were used: 
gemcitabine (4; 40; 200 nM), methotrexate (0.017; 0.17; 
0.85 μM), cisplatine (0.2; 2; 10 μM), oxaliplatin (0.8; 
8; 40 μM), docetaxel (10; 100; 500 μM), paclitaxel (2; 
20; 100 μM), doxorubicine (1; 10; 50 μM), epirubicin 
(9; 90 ; 450 μM), and dacarbazine (0.8; 8 ; 40 mM). 
After 48 hours of culture, cell death was assessed by 
flow cytometry using Annexin-V and 7-AAD (BD, 
Biosciences France) according to the manufacturer’s 
instructions. Samples were acquired on a FACS Canto 
II (BD Biosciences) and analyzed with the DIVA 
software. Results showed the percentage of early and 
late apoptotic cells (Ann+/7-AAD− and Ann+/7-AAD+ 
respectively).

Generation of HLA-A2.1/DR1-expressing 
SARC-L1 cell lines

SARC-L1 cells were transduced with 
gammaretrovial vectors encoding human b2-
microglobulin and A*02.01 heavy chain to express 
HLA-A*02.01 (A2.1) complete molecule (SARC-A2), 
and with gammaretrovial vectors encoding DRα chain 
and DRβ1*01:01 chain to express HLA-DRB1*01:01 
(DR1) complete molecule (SARC-A2DR1). Precise 
transduction procedures were already described [31, 32]. 
Briefly, each vector was transfected into H29/293 GPG 
packaging cells by Calcium Chloride precipitation 
method. Sarc-L1 cells were then transduced with the 
different cell-free gammaretroviral supernatants in the 
presence of Polybrene (Sigma-Aldrich, St. Louis, MO, 
USA), 8 μg/mL, for 16 hours. Finally, cells expressing 
A2.1 and DR1 were purified using anti-A2 antibody (BD 
Pharmingen, San Diego, CA, USA), anti-DR antibody 
(Caltag Laboratories, Burlingame, CA) and anti-mouse 
IgG-coated magnetic beads (Dynabeads, Dynal, Oslo, 
Norway), following the manufacturers’ instructions.

Tumor challenge and treatments

A2/DR1 mice were subcutaneously (s.c) injected 
with either 2.105 SARC-L1, SARC-A2 or Sarc-A2DR1 
cells in 100 µL of a saline solution in the abdominal flank. 
In all experiments, treatment started when tumor measured 
an average of 30–50 mm². Tumor growth was monitored 
every 2 or 3 days using a caliper and mice were euthanized 

when their tumor size exceeded 300 mm². All experiments 
were carried out according to the good laboratory practices 
defined by the animal experimentation rules in France. 
For chemotherapy, tumor-bearing mice were injected 
intraperitoneally (i.p) either with doxorubicin 5 mg/kg 
per week for 3 weeks, gemcitabine 120 mg/kg/week for 
3 weeks or cisplatin 7.5 mg/kg/week for 2 weeks [33, 34]. 
Control mice received a saline solution i.p. Anti-mPD-
L1Mab (clone10F.9G2, BioXcell) was injected i.p at 200 
µg every 3–4 days four times.

Statistical analysis 

Data are presented as mean ± standard error SEM. 
Statistical comparison between groups was based on 
Student t test using Prism 6 GraphPad Software (San Diego, 
CA, USA). Mouse survival was estimated from the tumor 
size of 300mm² by Kaplan–Meier method and the log-rank 
test. P values less than 0.05 were considered as statistically 
significant (*P < 0.05, **P < 0.01, ***P < 0.001).
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