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A B S T R A C T   

The recent development of immunotherapy represents a significant breakthrough in cancer therapy. Several 
immunotherapies provide robust efficacy gains in a wide variety of cancers. However, in some patients the 
immune checkpoint blockade remains ineffective due to poor therapeutic response and tumor relapse. An 
improved understanding of the mechanisms underlying tumor-immune system interactions can improve clinical 
management of cancer. Here, we report preclinical data evaluating two murine antibodies corresponding to 
recent FDA-approved antibodies for human therapy, e.g. anti-CTLA-4 and anti-PD-1. We demonstrated in two 
mouse syngeneic grafting models of triple negative breast or colon cancer that the two antibodies displayed an 
efficient anticancer activity, which is enhanced by combination treatment in the breast cancer model. We also 
demonstrated that CTLA-4 targeting reduced metastasis formation in the colon cancer metastasis model. In 
addition, using cytometry-based multiplex analysis, we showed that anti-CTLA-4 and anti-PD-1 affected the 
tumor immune microenvironment differently and in particular the tumor immune infiltration. This work 
demonstrated anti-cancer effect of CTLA-4 or PD-1 blockade on mouse colon and triple negative breast and on 
tumor-infiltrating immune cell subpopulations that could improve our knowledge and benefit the breast and 
colon cancer tumor research community.   

Introduction 

Cancer is a complex disease in which tumor cells interact with 
multiple stromal cells including immune cells within the so-called 
“tumor microenvironment” [1]. Recently, immunotherapies, in partic
ular “checkpoint” inhibitors, demonstrate robust efficacy gains and 
durable responses in a wide variety of cancers, representing a significant 
therapeutic breakthrough [2–4]. Optimization of immune cell responses 
including enhancement of the cytotoxic T cell response has been 
described to promote tumor regression in vivo [5] and patient survival in 
clinical trials [2,4]. Response to immunotherapy relies on dynamic in
teractions between tumor cells and the tumor microenvironment, which 
may lead to an anti-cancer response from immune cells against 
pro-tumoral stromal cells or cancer cells. Targeting immune cells using 
“checkpoint” molecules, such as cytotoxic T-lymphocyte-associated 

antigen 4 (CTLA-4) [6] or programmed cell death protein 1 (PD-1) have 
demonstrated significant clinical responses and increased patient sur
vival [7]. As an example, blockade of the CTLA-4 improves overall 
survival by more than 10 months for patients with metastatic melanoma 
[8,9]. The blockade of the PD-1/PD-L1/PD-L2 signaling axis leads to 
favorable clinical responses in advanced non–small-cell lung cancer, 
melanoma, prostate cancer, renal cancer, and colorectal cancer [10–14]. 
The combination of PD-1 and CTLA-4 blockade is also investigated, in 
particular at the preclinical level, and may represent a promising 
approach with even higher benefit for patients [15]. 

Despite huge clinical progress in the last past year, a detailed un
derstanding of the mechanisms supporting anti-CTLA-4 and anti-PD-1 
induced tumor immune rejection [16–18] is still lacking. Furthermore, 
a limited effect of the immunotherapies is observed in some patients [19, 
20]. Indeed, tumor-associated events such as dynamic cell-cell 
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interaction, modified microenvironment during tumor progression [19, 
21], or genetic alterations [18,22] can influence the therapeutic 
response to immunotherapies. An improved comprehension of the ef
fects of checkpoint inhibitors may improve the clinical management of 
cancer, with ensuing long-term benefit for patients. Therapy with a 
combination of immunomodulatory agents is also emerging as an 
attractive option in the management of cancer [23]. Evaluation of the 
effects of mono- and combined-immunotherapy remains essential to 
anticipate the clinical benefit for patients, particularly in cases of tumor 
for which few effective therapeutic strategies are available. 

In this study, we addressed the effects of monotherapy and combi
nation therapy using anti-PD-1 and anti-CTLA-4 therapeutic antibodies 
in graft mouse tumor models. We demonstrated that the two antibodies 
affect the tumor immune microenvironment in different ways, even if 
they both displayed efficient anticancer activity. Anti-PD-1 and anti- 
CTLA-4 alone or in combination displayed different anti-cancer effi
cacy between the CT26 colorectal and the 4T1 triple negative breast 
cancer models. Interestingly, analysis of publically available patient 
databases with breast cancer, and in particular with triple negative pa
tients, tends to suggest that high expression of interactors of PD-1, e.g. 
PD-L1 and PD-L2 and of CTLA-4, e.g. CD80 and CD86, generally 
expressed in the tumor microenvironment [24,25], are strongly corre
lated with the prognosis for patients. We also dissected the specific 
intratumoral immune response using flow cytometry and identified that 
anti-CTLA-4 acted by reducing regulatory T cells and increasing CD8+ T 
cells, although anti-PD-1 only increased intratumoral CD8+ T cells in 
both models. Finally, we also analyzed the response of immune-based 
therapies on metastasis formation and showed that anti-CTLA-4 
reduced the metastatic burden in CT26 models without affecting 
metastasis in 4T1 models, whereas anti-PD-1 was devoid of effects in 
both models. 

Altogether, this preclinical work suggested that the anti-tumor im
mune responses induced by CTLA-4 and PD-1 blockade may represent 
relevant therapeutic and potentially synergistic strategies, repressing 
tumor progression dependent of cancer indication. 

Material and methods 

Animals 

6 week-old female BALB/cJRj or C57BL/6JRj mice supplied by 
Janvier Labs were acclimated for at least 5 days before the experiments. 
The tumor cell implantation was performed on 7 to 8 week-old mice. 
Mice were housed up to 10 animals per cage in a biosafety level 1 lab
oratory. Nesting enrichment was provided (tube, cotton, and wood). 
Mice were maintained under artificial lighting (12 h) between 7:00 and 
19:00 in a controlled ambient temperature of 22 ± 2 ◦C, and relative 
humidity between 30 and 70%. The number of mice per group included 
in each experiment is described in the legends of the corresponding 
figures. 

Cells and cell culture 

CT26.WT (CT26) colon carcinoma (CRL-2638™ from ATCC®) and 
4T1 triple negative mouse breast carcinoma (CRL-2539™ from ATCC®) 
were cultured in vitro with RPMI 1640 (Gibco®, ATCC-formulated) 
supplemented with fetal bovine serum (FBS, Gibco®) at the final con
centration of 10% and antibiotics (Penicillin 100 U/mL - Streptomycin 
100 µg/mL, Gibco®) and were grown in cell incubator at 37 ◦C and 5% 
CO2. Prior to cell injection, cells at 70–90% confluence were split and 
cell viability was assessed using the automated cell counter Nucleo
counter NC-200™ (Chemotec®). The cell suspension was prepared ac
cording to the viable cell count. All procedures were performed in 
aseptic conditions, under a laminar flow hood. 

Animal ethical consideration and limit points 

All methods, which were designed to minimize animal suffering and 
to ensure good quality of biological samples, are adapted from basic 
procedures commonly used in studies performed in rodents. Experi
ments were conducted in strict accordance with Council Directive No. 
2010/63/UE of September 22nd 2010 on the protection of animals used 
for scientific purposes, the French decree No. 2013–118 of February 1st 
2013 on the protection of animals for use and care of laboratory animals 
and with the recommendations of the Association for Assessment and 
Accreditation of Laboratory Animal Care (AAALAC). All experiments 
were also approved by the ethics committee for animal experimentation 
of Porsolt (Porsolt’s agreement n ◦F 53 1031). Tumor volume and body 
weight of the animals were measured and recorded two to three times 
per week. Tumor volume exceeding 2000 mm3 and a weight loss greater 
than 20% relative to the initial weight of the animal for two consecutive 
measures, tumor necrosis including bleeding, ulceration, hypothermia 
(< 34 ◦C), dyspnea, failure to eat and drink, loss of balance, and marked 
sedation were considered as limit points. When one of these conditions 
was met, mice were sacrificed by CO2 inhalation. 

Subcutaneous graft animal model 

5×105 CT26 cells or 5×105 4T1 cells were injected subcutaneously 
into the right flank of the mice. The cells to be implanted were resus
pended in sterile PBS and kept on ice. Mice were placed under anesthesia 
2% isoflurane (Axience®, reference 152678) at 2 L/min on a warming 
pad and with eye lubricant during the procedure. The back of the mice 
was shaved and the area for injection was cleaned with Chlorhexidine 
(Antisept™, reference ANT015) before the injection of 100 µL of cell 
suspension using insulin syringe. Mice were identified by permanent 
tattoo. Finally, the mice were monitored (breathing) until they woke up. 

Tumor volume was measured two to three times a week with a 
caliper. The tumor volume was calculated using the formula V = (a2*b)/ 
2, where b is the longest axis and a is the perpendicular axis to b. The 
technician performing the measurement was not blinded with respect to 
the identity of the treatment received by the animals. Different physi
ological and behavioral parameters were monitored during the study 
including rectal temperature (hypothermia being defined as < 34 ◦C), 
dyspnea, failure to eat and drink, loss of balance, and marked sedation. 

Depending of model used, primary tumors and lungs were collected. 
Whole tissues were rapidly removed, rinsed in physiological saline, 
dried on absorbent paper, and weighed. 

Cytometry 

CT26 or 4T1 tumors were harvested 5 days after the last treatment 
and minced with scalpels. Up to 300 mg of the minced tissue was placed 
in a C-tube (130–095–823, Miltenyi Biotec™) containing 5 mL of PEB 
buffer (PBS, 0.5% bovine serum albumin, and2 mM EDTA), and then 
homogenized using the Miltenyi gentleMACS™. The sample was then 
transferred to a 50 mL conical tube through a 40 µm filter (352,340, 
Becton Dickinson/Falcon™), and the filter was then rinsed with 5 mL 
PEB buffer. Immune cell population (CD45+) was enriched using CD45 
MicroBeads and a MiniMACS™ Separator. Tumor infiltrating lympho
cytes (TILs) were analyzed by flow cytometry analyses using the 
following antibody reagents: anti-CD8a-PerCP-eFluor-710 (clone 
53–6.7; 46–0081, eBioscience™), anti-CD4-PerCP-Vio700 (clone 
REA1211, Miltenyi Biotec™), anti-CD25-PE (clone PC61.5; 12–0251, 
eBioscience™), anti-FoxP3-APC (clone FJK-16 s; 17–5773, 
eBioscience™). 

Experimental metastasis model 

2×105 CT26 cells or 2×105 4T1 cells were injected intravenously via 
the caudal vein using an insulin syringe. The cells to be implanted were 
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resuspended in sterile PBS and kept on ice. Mice were placed under 
anesthesia 2% isoflurane (Axience®, reference 152678) at 2 L/min on a 
warming pad and with eye lubricant during the procedure. The tails of 
the mice were cleaned with Chlorhexidine (Antisept™, reference 
ANT015) before the injection. Tumor cells were injected within a vol
ume of 100 µL. Mice were identified by permanent tattoo. Finally, the 
mice were monitored (breathing) until they woke up. 

After 4 days, mice were randomized in the different groups based on 
their body weight and monitored for an additional 11 days. On Day 15, 
mice were sacrificed and 2 mL of 15% India Ink solution were intra
tracheally injected to stain the lungs, which were harvested, washed 
with distilled water and fixed overnight in Fekete’s solution. Tumor 
metastases are not stained and appear as white foci over a dark blue 
colored lung parenchyma. Left and right lungs were dried on absorbent 
paper and weighed. The left lung was pictured and metastasis surface 
area was measured by image analysis using executable software devel
oped by Porsolt’s IT service in MATLAB. 

Treatments 

Anti-mouse CTLA-4 was purchased from BioXCell ® (clone 9H10, 
reference BE0101, Rat IgG2b, κ and clone UC10–4F10–11, reference 
BE0032, Armenian Hamster IgG). Anti-mouse PD-1 was purchased from 
BioXCell® (clone RMP1–14, reference BE0146, Rat IgG2a, κ). 

Mice were randomized based on their tumor volume on the first day 
of treatment. Mice were treated with anti-CTLA-4 at 100 µg per mouse 
(diluted in saline) or with anti-PD-1 at 200 µg per mouse (diluted in 
saline). Drugs or vehicle were administrated through intraperitoneal 
route (i.p.), three to four time at day 3, 6, 9, 12, or 15. 

Clinical survival analysis 

The clinical data from breast cancer cohorts shown here are based on 
mixed publicly available data: E-MTAB-365*, GSE11121, GSE12093, 
GSE12276, GSE1456, GSE16391, GSE16446, GSE16716, GSE17705, 
GSE17907, GSE19615*, GSE20271, GSE2034, GSE20685, GSE20711, 
GSE21653*, GSE2603*, GSE26971, GSE2990, GSE31519*, GSE3494, 
GSE37946, GSE42568, GSE45255*, GSE4611, GSE5327, GSE6532, 
GSE7390, GSE9195. Overall survival (OS) was constructed using the 
Kaplan-Meier method with the online software ‘Kaplan-Meier Plotter’ 
(https://kmplot.com/analysis/) [26]. Probeset 1554519_at (CD80), 
205685_at (CD86), 220049_s_at (PD-L2 or PDCD1LG2), 227458_at 
(PD-L1 or CD274) have been used. The log-rank test was used for 
comparison between low and high expressing groups. *Cohort including 
ER-, PR-, HER2- patients. 

Statistics 

Statistical analyses and graphical representations were done using 
GraphPad Prism (version 8.4.3). p values < 0.05 were considered as 
statistically significant (* p < 0.05; ** p < 0.01; *** p < 0.001; **** p <
0.0001). All data per group have been checked for normality using the 
D’Agostino-Pearson test. In case of normal distribution, a parametric test 
has been used, and in case of non-normal distribution, a non-parametric 
test has been used. 

For lung metastasis and T cell tumor infiltration, data were analyzed 
using a one-way ANOVA or Kruskal-Wallis (group as factor). In case of a 
significant group effect, post-hoc Tukey’s or Dunn’s multiple compari
son tests were done. 

For tumor volume and body weight, data were analyzed using a 
mixed-effects model (REML) or a two-way ANOVA (group and day as 
factors) with repeated measures at each day. In case of significant group 
and/or interaction effect, post-hoc Bonferroni’s multiple comparison 
tests (versus control, for each day) or Tukey’s multiple comparison tests 
(for each day) were done. 

The cumulative survival distribution was constructed using the 

Kaplan-Meier method. Differences between survival curves were tested 
for significance with the log rank test. 

Results 

Anti-CTLA-4 and -PD-1 repressed CT26 colon tumor progression in 
immunocompetent mouse model 

In order to identify the impact of mouse-based immunotherapies on 
CT26 tumors, we evaluated different schedules of treatment with anti- 
CTLA-4 and anti-PD-1 antibodies at respective doses of 100 and 200 
µg per animal, starting from day 3, 6, or 9 and every 3 days with a total 
of three to four injections. We observed that the four treatment sched
ules with anti-CTLA-4 induced significant decrease of tumor growth 
starting from day 17 with the treatment at days 3, 6, 9, at days 3, 6, 9, 12, 
and at days 6, 9, 12 whereas starting from day 22 for treatment at days 9, 
12, 15, 18 was not effective (Fig. S1A). Regarding anti-PD-1 treatment, 
both regiments at days 6, 9, 12 or 9, 12, 15, 18 induced significant 
decrease of tumor growth at day 21 (Fig. S1B). The treatment at day 6, 9, 
12 demonstrated good anti-tumor response to the two antibodies and 
was used for the remainder of the study. 

We also challenged different doses of anti-PD-1 and anti-CTLA-4 in 
order to identify optimal concentration of the treatment. Anti-CTLA-4 
was used at 10, 50, and 100 µg and was administrated at days 6, 9, 
12. We showed for all three doses a similar significant reduction of 
tumor volume starting from day 20 with the doses at 10 and 100 µg and 
starting from day 24 for the dose at 50 µg. Nevertheless and despite the 
absence significant difference between the three doses tested, the dose at 
100 µg seems providing a better anti-cancer response in endpoint at day 
29 (Fig. S2A). Anti-PD-1 was used at 10, 100, and 200 µg and was 
administrated at days 6, 9, 12. We showed a significant reduction of 
tumor volume in a dose-response manner starting from day 20 with the 
dose at 200 µg, starting from day 24 for the dose at 100 µg, and starting 
from day 29 for the dose at 10 µg (Fig. S2B). According to these results, 
the respective doses of 200 and 100 µg for anti-PD-1 and anti-CTLA-4 
were used for the remainder of the study. 

We also evaluated the effect of combination treatment of immuno
therapies in comparison to monotherapies. We demonstrated again that 
both monotherapies with anti-CTLA-4 and anti-PD-1 reduced tumor 
progression in syngeneic CT26 colon cancer (Fig. 1A–E). Interestingly, 
combined treatment significantly increased the response of anti-PD-1 
but not of anti-CTLA-4 (Fig. 1A–E). This effect of anti-CTLA-4 treat
ment seems masking the anti-PD-1 treatment. Interestingly, individual 
curves showed a higher proportion of mice without detectable tumors 
when receiving the combination (8/9) as compared to anti-CTLA-4 
monotherapy (7/10) (Fig. 1C,E). The Kaplan-Meier analysis demon
strated a global significant difference in term of survival between 
groups, which is significant when comparing the control group versus 
anti-CTLA-4 and combination groups (Fig. 1F). 

Combination therapy of both immunotherapies enhanced anti-tumor 
activity in 4T1 breast tumor in immunocompetent mouse model 

We analyzed the effect of similar dosing and treatment schedule used 
with the CT26 model on a triple negative breast cancer model using 4T1 
cells. We observed that both anti-PD-1 and anti-CTLA-4 weakly but 
significantly reduced tumor growth in a similar manner (Fig. 2A). When 
compared to the CT26 model, immunotherapies are less efficient in the 
4T1 model, which is described as less sensitive [27–32]. Combination 
therapy demonstrates significant anti-cancer efficacy compared to the 
control group but also compared to both monotherapies in the 4T1 
model (Fig. 2A–E); suggesting that low sensitivity to monotherapies 
might be overcome by combination therapy. No mice were found dead 
or required sacrifice for ethical limitation. 
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Analysis of public clinical data: High expression of interactors of CTLA-4 
and PD-1 are correlated with better prognostic value in breast cancer 

We analyzed a publically available dataset of patients with breast 
cancer and also with exclusive triple negative subtype. Patients were 
stratified between high and low expression using best cut-off value for 
dedicated interactors of CTLA-4, e.g. CD80 and CD86, but also inter
actors of PD-1, e.g. PD-L1 and PD-L2 [22]. We observed that high 
expression of the four cellular receptors expressed in the tumor micro
environment [22,24], correlated with longer relapse-free survival (RFS) 
of patients and interestingly, combined expression correlated better for 
better RFS, except when compared to PD-L1 alone (Fig. S3). These data 
suggest that multiple targeting for immunotherapy might be of partic
ular therapeutic interest, in particular when associated with our pre
clinical results showing enhanced anti-tumoral effect of combined 

therapy in the 4T1 graft model (Fig. 2A). Altogether, these data suggest 
combination therapy might elicit a superior response compared to 
monotherapies, in particular for some forms of treatment-resistant 
cancers. 

Evaluation of tumor-infiltrating lymphocytes specific response to anti- 
CTLA-4 and -PD-1 

In order to evaluate the impact of the immunotherapies on the im
mune tumor microenvironment, we analyzed, by flow cytometry, the T 
cell population into the tumor, focusing on regulatory and CD8+ cyto
toxic T cells among the CD45+ cells. Regulatory T cells was defined as 
CD45+/CD4+/CD25+/FoxP3+ event [33] whereas cytotoxic T cells 
was defined using CD45+/CD8+ event [34]. 

We observed that anti-CTLA-4 reduced the regulatory T cell 

Fig. 1. . Effect of anti-CTLA-4 and anti-PD-1 immunotherapies in subcutaneous based syngeneic CT26 colorectal cancer model. A. Impact of anti-CTLA-4 and -PD-1 
immunotherapies in monotherapy or in combination on CT26 tumor growth. B-E Individual growth curve for each mouse treated with control (B), anti-CTLA-4 (C); 
anti-PD-1 (D), or combination (E). Anti-CTLA-4 and anti-PD-1 were administered at days 6, 9, and 12 post-tumor cell inoculation at respective doses of 100 and 200 
µg i.p. per animal. Statistical differences between the groups were determined using by mixed-effects model (REML) with repeated measures followed by Tukey 
multiple comparisons test (control vs. other groups: * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001, **** p < 0.0001; anti-PD-1 vs. Anti-CTLA-4 # p ≤ 0.001; anti-PD-1 vs. 
combination & p ≤ 0.0001). Pooled data represent mean ± SD. n = 9–10 mice per group. 
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population in the CT26 tumors. Conversely, anti-PD-1 did not affect the 
regulatory T cell population (Fig. 3A and B), consistent with clinical 
observations [35]. We also demonstrated that anti-CTLA-4 significantly 
increased the CD8+ T cell population in the CT26 tumors whereas 
anti-PD-1 displayed a similar tendency (+99%, p < 0.05 and +71%, p =
0.0748, respectively) (Fig. 3C and D). We also calculated the ratio of 
CD8+ cytotoxic T cells / regulatory T cells which is a factor associated 
with better prognosis in patients with colon cancer [36] and we showed 
that anti-CTLA-4 increased the ratio, although anti-PD-1 did not 
(Fig. 3E). 

A similar analysis was performed on a small sample-size with 4T1 
tumor models including this time the combination treatment. We also 
observed a significant decrease of regulatory T cells only with anti- 
CTLA-4 antibody and no change with anti-PD-1 (Fig. S4A). 

Interestingly, the combination therapy did not improve and even 
canceled the effect of anti-CTLA-4 (Fig. S4A). As observed in the CT26 
model, CD8+ T cells are enhanced by the immunotherapies in 4T1 tu
mors but combined treatments did not further improve this effect 
(Fig. S4B). Finally, anti-CTLA-4 increased significantly the ratio of CD8+
T cells / regulatory T cells although anti-PD-1 did not (Fig. S4C). 

Despite efficient and similar anti-cancer activity (Figs. 1 and 2), 
immunophenotyping analysis demonstrates different cellular mecha
nisms between CTLA-4 and PD-1 blocking strategies. Targeting CTLA-4 
leads to a reduction of regulatory T cell population and to recruitment of 
CD8+ T cells, while targeting PD-1 induces only recruitment of CD8+ T 
cells (Figs. 3 and S4). 

Fig. 2. . Effect of anti-CTLA-4 and -PD-1 immunotherapies in subcutaneous based syngeneic 4T1 triple negative breast cancer model. A. Impact of anti–CTLA-4 and 
–PD-1 immunotherapies in monotherapy or in combination on 4T1 tumor growth. B-E Individual growth curve for each mouse treated with control (B), anti-CTLA-4 
(C); anti-PD-1 (D), or combination (E). Anti-CTLA-4 and anti-PD-1 were administered at days 6, 9, and 12 post-tumor cell inoculation at respective doses of 100 and 
200 µg i.p. per animal. Statistical differences between the groups were determined using by two-ways ANOVA with repeated measures followed by Tukey multiple 
comparisons test (control vs. other groups: * p ≤ 0.05, ** p ≤ 0.01, **** p < 0.0001; anti-CTLA-4 vs. combination # p ≤ 0.05; anti-PD-1 vs. combination & p ≤ 0.05). 
Pooled data represent mean ± SD. n = 10 mice per group. 
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CTLA-4 targeting strategy reduced metastasis formation in CT26 colon 
experimental metastasis model 

We also investigated the effect of both immunotherapies on the 
intravenous-based experimental metastasis model [37]. This model al
lows analyzing the effect of substances on extravasation and lung pa
renchyma colonization processes [38]. Immunotherapies were tested in 
both 4T1 and CT26 metastasis models. We demonstrated that 
anti-CTLA-4, but not anti-PD-1, significantly reduced lung weight and 
metastasis surface in the lung in our CT26 colon cancer model 
(Fig. 4A–C). Conversely, immunotherapies were devoid of effects in the 
4T1 breast cancer model (Fig. 4D–F). 

Immunotherapies were well tolerated in vivo 

We also investigated the effect of treatments on mouse body weight 
in order to identify potential drug obvious side effects. The presence of 
tumors was not associated with significant variations in body weight 
compared with non-inoculated mice. Both immunotherapies adminis
tered in monotherapy, or in combination, did not affect mouse body 
weight compared to the vehicle control in both CT26 and 4T1 subcu
taneous models (Fig. 5A and B). Moreover, no obvious change in mouse 
behavior was observed during the study. Altogether, these data suggest 
that immunotherapies are well tolerated in mice, even if additional 
analysis is still needed in order to confirm sign of toxicity. 

Fig. 3. . Anti-CTLA-4 and anti-PD-1 involve 
independent cellular mechanisms related to 
their anti-cancer activity A-B. FACS multicolor 
analysis (A) and quantification of regulatory T 
cells population (B) after tissue processing in 
the CT26 mouse colon cancer model. C, D. 
FACS multicolor analysis (C) and quantification 
of cytotoxic T cells population (D). E. Ratio of 
effector CD8+ T cells to T regs. Anti-CTLA-4 
and anti-PD-1 were administered with 
different regimens at respective doses of 100 
and 200 µg i.p. per animal vehicle in saline 
(control). Statistical differences between the 
groups were determined using by one-way 
ANOVA test followed by Tukey’s multiple 
comparisons test (* p ≤ 0.05, **** p ≤ 0.0001). 
Data represent mean and SD. Combined data 
from different experiments. n = 14–23 mice per 
group.   
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Fig. 4. . Effect of anti-CTLA-4 and anti-PD-1 immunotherapies in syngeneic intravenous based experimental metastasis models A-B. Representative pictures (A) and 
quantification of lung weight (B) after necropsy in the CT26 mouse colon cancer model. C, D. Representative pictures (C) and quantification of lung weight (D) after 
necropsy in the 4T1 mouse breast cancer model. Anti-CTLA-4 and anti-PD-1 were administered at days 6, 9, and 12 post-cell inoculation at respective doses of 100 
and 200 µg i.p. per animal or with vehicle (Control). Statistical differences between the groups were determined using Kruskal-Wallis test followed by Dunn’s 
multiple comparisons test (* p ≤ 0.05). Data represent mean and SD. N = 5–8 mice per group. 

Fig. 5. . Impact of anti–CTLA-4 and anti-PD-1 immu
notherapies in monotherapy or in combination on mice 
body weight A-C. Impact of anti–CTLA-4 and –PD-1 
immunotherapies in monotherapy or in combination on 
CT26 (A) and 4T1 (B) mouse body weight. Anti-CTLA-4 
and anti-PD-1 have been administered at days 6, 9, and 
12 at respective doses of 100 and 200 µg i.p. per ani
mal. Statistical differences between the groups were 
determined using by mixed-effects model (REML) (A) 
or two-ways ANOVA (B). Data represent mean and SD. 
n = 9–10 mice per group.   
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Discussion 

In this study, we demonstrated that CT-26 colon cancer and 4T1 
triple negative breast cancer have different sensitivity to anti-PD-1 and 
anti-CTLA-4 therapy. CT-26 tumor highly responds to anti-CTLA-4 
therapy whereas it is less sensitive to anti-PD-1. Combination therapy 
did not improve CT-26 tumor response compared to CTLA-4 alone; 
suggesting the absence of a cumulative effect, and therefore the main 
response is due to the exclusive action of CTLA-4 itself (Fig. 1). Never
theless, this phenomenon seems different between tumor models since 
Wei and collaborators demonstrated that combination therapy 
improved tumor reduction in MC38 colon cancer graft model [39]. 
Analysis of T-cell infiltration by flow cytometry demonstrated that only 
anti-CTLA-4 repressed regulatory T cells, which are well described 
promoters of tumor progression [33]. Anti-CTLA-4 also repressed lung 
metastasis burden in our experimental metastasis CT-26 model sug
gesting particular interest of CTLA-4 blockade for advanced colon can
cer. Conversely, no effect on metastases was observed in 4T1 TNBC 
model. This absence of response might be related to the tumor immune 
microenvironment and T cells infiltration of 4T1 and CT26 tumors [40]. 
Indeed, 4T1 tumor has been considered as poorly responsive to immu
notherapies [27–32], and aggressive metastatic cells might present more 
resistant phenotype as has been recently demonstrated for liver metas
tases [41]. Moreover, Anti-PD-1 did not induce similar anti-cancer ef
fects and did not affect the population of regulatory T cells. 
Nevertheless, both anti-CTLA-4 and -PD-1 promoted cytotoxic T cells 
which seem to be involved in the reduction of tumor progression in this 
CT-26 model (even if only significant with anti-CTLA-4). Interestingly, 
the ratio of CD8+ T cells to regulatory T cells was enhanced after 
treatment with anti-CTLA-4. A high ratio of CD8+ or CD3+ on FOXP3 T 
cells has already been described as being correlated with a good prog
nosis in human colon cancer patients [36,42] and in breast cancer [34]. 
Some studies also observed that anti-CTLA-4 improves mice survival 
[43] or represses tumor growth with the CT26 model [44–46]. More
over, CD8 and CD4 depletion inhibits the anti-CTLA-4 effect in CT26 
subcutaneous models [47] suggesting a primordial role of T cell mod
ulation in the tumor microenvironment as a mechanism of action behind 
the anti-cancer efficacy of anti-CTLA-4. Thus, CTLA-4 blockade through 
the recruitment of CD8+ cells within the tumor may promote better 
response as compared to the effect on regulatory T cells [48]. Moreover, 
recent finding demonstrated CTLA-4 blockade promotes regulatory T 
cells dysfunction through the modulation of glycolysis metabolism [49]. 
Taken together, monotherapy with anti-CTLA-4 might represent an 
alternative effective strategy against colon cancer to anti-PD-1. More
over, combined therapy, demonstrating higher anti-cancer efficacy in 
another colorectal cancer model [39], may still represent a valuable 
strategy to promote patient survival, and might also serve in advanced 
colon cancer metastasis stage. 

In the 4T1 triple negative breast cancer model, the effects of anti-PD- 
1 or anti-CTLA-4 monotherapies were relatively weak (Fig. 2). 4T1 cells 
are described in the literature to be poorly sensitive to immunotherapies 
[27–32,50]. Interestingly, the combination therapy enhanced the 
anti-tumoral effect compared to monotherapy. Combination therapy 
might therefore represent a new avenue to treat resistance in some forms 
of aggressive cancers. Recent clinical trials for advanced metastatic 
breast cancer demonstrated the potential interest in immunotherapy, 
and in particular, the anti-PD-1-based strategy [51,52]. Current clinical 
studies are focusing on this type of therapeutic strategy that can hope
fully transform non-responder patients into responders, or overcome 
acquired resistance to immunotherapy, thereby prolonging patient 
survival [51]. Moreover, combination treatment of immunotherapies 
has already demonstrated its potential against resistance to immuno
therapies in other tumor indications [5,28,53]. We also showed by 
multiplex analysis that mRNA expression levels of compiled 
CD80/CD86, known receptors of CTLA-4 [25], and PD-L1/PD-L2, 
known receptors of PD-1 [24], demonstrated improved overall 

survival of patients with breast cancer, including all subtypes combined 
and with triple negative breast cancer. Moreover, combination treat
ment of immunotherapies has also been associated with better response 
to monotherapy in mouse model [50]. Taken together, our study might 
guide as basis for further translational research and suggest that dual 
blockade of PD-1 and CTLA-4 might enhance the therapeutic activity 
when compared to monotherapy in breast cancer, thereby unraveling 
potential benefit for patients. 

In our manuscript, we demonstrated that immunotherapies have 
better efficiency in our CT26 colon cancer model in comparison to our 
4T1 TNBC model. This work is in accordance with others preclinical 
studies [23,46,50]. The association between genetic variations and 
immunotherapy benefit has been identified in clinic. For example, the 
effects that tumor mutational burden on therapy response have been 
recently investigated as a predictive biomarker for response to immune 
checkpoint blockade [54]. Nevertheless, a recent study from the group 
of Shiaw-Yih Lin demonstrated that high tumor mutation burden, that 
has been proposed as a predictive biomarker, did not correlate with 
clinical benefits for patients treated with immune checkpoint blockade 
across solid cancer types using a large dataset from The Cancer Genome 
Atlas [55]. Conversely, both mismatch repair deficiency and microsat
ellite instability have been identified as effective predictors of immu
notherapy response [56,57]. Colorectal adenocarcinoma demonstrated 
relatively higher mismatch repair deficiency as compared to breast 
cancer patients [56]. Moreover, high mismatch repair deficiency is 
associated with better therapeutic benefit at least with anti-PD-1 inhi
bition in phase II clinical studies [58,59]. High microsatellite instability 
is also observed in colorectal cancer patients with good response for 
immunotherapies [60]. However, CT26 cell line are described to present 
low microsatellite instability and mismatch repair proficiency [61,62] 
and 4T1 cell line are described to present mismatch repair proficiency 
[62], suggesting that the immunotherapy response is quite independent 
to such mutations. Recently, an Immunoscore has been proposed as a 
new approach for the classification of cancer in order to predict the 
response to T cell checkpoint inhibition. In this score, CD3+ and CD8+ T 
cell infiltration is evaluated within the tumor tissue defining ‘hot’, 
‘altered’, and ‘cold’ immune tumors [40]. Classification of tumors based 
on their immune phenotype can partially explain clinical response to 
immunotherapies, with in general a higher T cell infiltration in the ‘hot’ 
phenotype which is associated with better clinical response [40,63]. 
High proportion of TNBC patients present high tumor-infiltrating lym
phocytes (TILs) which is correlated with better overall survival [64]. The 
4T1 and CT26 models are described to belong to tumors with differential 
immunoscore level. Indeed, the 4T1 model could be considered as a 
‘cold’ phenotype with low response to immunotherapies [65], despite 
the CT26 could be considered as a ‘hot’ phenotype with good response to 
immunotherapies [66]. Altogether these data might participate to 
explain the immunotherapy response observed in this work and in 
clinical observations. 

Interestingly, immunotherapies demonstrated a relatively good 
safety profile in our study, in accordance with other studies [14,67,68]. 
Indeed, Chalabi and collaborators demonstrated that neoadjuvant 
immunotherapy including PD-1 plus CTLA-4 blockade demonstrated 
promising therapeutic response and might become the standard of care 
for some subpopulation of patients [14]. These data are consistent with 
clinical reports of acceptable adverse events of immunotherapies in 
monotherapy or in combination [11,23,69,70] compared to other 
treatments, such as chemotherapy. Nevertheless, immune-related 
adverse events might emerge due to immune over-activation with 
such immunotherapies. These events are described to be particularly 
important in patients with pre-existing autoimmune conditions. Such 
patients should be monitored with caution but represents a minor risk 
counterbalanced by the potential advantage of the immunotherapy ef
ficacy against tumor progression [71,72]. Convergent data on immu
notherapy also tend to favor its clinical recommendation in new 
indications such as breast cancer. Immunotherapies kill cancer cells and 
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improve patient survival by stimulating the immune response, such as 
cytotoxic T response [68,70]. Immunophenotyping analysis brings 
further insight into the effects of anti-CTLA-4 and anti-PD-1 immuno
therapies, describing similar effects of both antibodies to induce an in
crease of the intratumoral cytotoxic T cell population, and the specific 
effect of anti-CTLA-4 in reducing the regulatory T cells. This information 
is valuable for a better understanding of the mechanisms of action of 
these new therapeutic strategies, and may lead to improved treatment 
efficiency or unravel tumor resistance. 

Although immune checkpoint inhibitors may be effective, in clinic 
eventually relapse and tumor progression can be observed in some pa
tients [68]. A similar phenomenon can be observed in our experiments 
with the heterogeneity of response within the treated groups. Indeed, 
despite the similar genetic background of mice or the use identical 
tumor cell line, some mice were sensitive whereas other mice could be 
considered as resistant with lack or lowered efficacy of checkpoint in
hibitors (Fig. 1). This strongly suggests that the local tumor microen
vironment exerts a pressure on tumor cells which limits the effect of the 
therapy and might give rise to tumor evading [23,68]. Resistance 
mechanism to anti-PD-1 has been recently proposed to be associated 
with tumor-associated macrophages that could bypass the targeting of T 
cells [73] or with mutation in key signaling pathways such as JAK1/2 
kinases inducing IFNγ lack of response [74,75]. 

In conclusion, we have confirmed an anti-cancer effect of both im
munotherapies anti-CTLA-4 and anti-PD-1 in syngeneic tumor models 
with colorectal and triple negative breast cancer cells. This anti-cancer 
efficacy did not have any associated safety concerns. In addition, anti- 
CTLA-4 was able to repress the development of colorectal-derived 
lung metastasis in an experimental metastasis model with CT26 cells. 
Dual blockage by combination of anti-CTLA-4 and anti-PD-1 treatments 
demonstrated better efficiency in the 4T1 triple negative breast cancer 
model when compared to monotherapy. In association with clinical 
data, our study suggests that combination therapy might represent a 
new avenue for advanced breast cancer treatment. We also identified 
different cellular mechanisms of action in response to either anti-CTLA-4 
or anti-PD-1, with a common increase of intratumoral cytotoxic T cells 
upon treatment, but a target-specific decrease of regulatory T cells upon 
anti-CTLA-4 only. We trust the present study and its associated findings 
will benefit the colorectal and breast cancer tumor research community. 
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