
Abstract. Background: Immune checkpoint inhibitors have
marked antitumor effect. However, monotherapy benefits
only a limited population of patients, and further
improvement of their effects is required. Here the therapeutic
effect and immune response during anti-PD-L1 plus cisplatin
combination therapy were investigated in a mouse model.
Materials and Methods: E.G7-OVA, expressing ovalbumin
(OVA) gene as a model tumor antigen, was subcutaneously
inoculated into syngeneic mice and treated with anti-PD-L1
with/without cisplatin. The tumor growth and activation
status of immune cells were evaluated. Results: The anti-PD-
L1 plus cisplatin combination resulted in a potent antitumor
effect leading to tumor shrinkage compared to anti-PD-L1
or cisplatin alone, even though each alone, significantly
inhibited tumor growth compared to the control group.
During treatment, all groups, including that treated with
cisplatin alone, had increased CD8+ T-cell infiltration into
tumor tissues compared with the control group, and the
therapeutic effect was diminished by CD8+ cell depletion.
Aside from its direct cytotoxic effect, cisplatin alone
increased chemokine levels and expression of immune
checkpoint molecules on CD8+ T-cells in the tumor site. The
combination effectively activated OVA-specific CD8+ T-cells.
Furthermore, anti-PD-L1 alone and in combination with
cisplatin, but not cisplatin alone, induced interferon-gamma-
producing CD4+ T-cells. Conclusion: These findings provide

a rationale for anti-PD-L1 plus cisplatin becoming a
promising combination therapy for patients with cancer. 

Immune checkpoint inhibitors targeting programed death-
ligand 1 (PD-L1), programed cell death-1 (PD-1), or cytotoxic
T-lymphocyte antigen 4 molecules show substantial antitumor
effects in patients with several types of cancers (1-4). A unique
feature of cancer immunotherapy is that immune checkpoint
inhibitors can induce durable clinical responses, unlike
chemotherapies and molecularly-targeted therapies (5, 6).
However, only a minor population of patients respond to
immune checkpoint inhibitor therapy administered as a single
agent (6-8), and there is evidence that the clinical outcomes
might be associated with PD-L1 expression in the tumor
microenvironment and with tumor-infiltrating T-cell responses
(9). In addition, it has been reported that patients with a higher
mutation burden – and, therefore, a larger variety of
neoantigens – appear to derive greater clinical benefit from
immune checkpoint inhibitors (10-12), and viral oncolysis,
which induces tumor destruction and subsequent release of
antigens, was shown to activate specific T-cell responses
against a broad range of neoantigens in a mouse model (13).
Thus, there is a growing interest in therapies that utilize
immune checkpoint inhibitors in combination with agents that
elicit tumor cell death, including chemotherapies and
molecularly-targeted therapies (10, 14).

Chemotherapy is a gold-standard strategy for the treatment
of cancer, and the primary role of chemotherapeutic agents is
the direct killing of cancer cells. However, it is reported that
some chemotherapies also increase antitumor immune
response by reducing immune-suppressive cells, including
myeloid-derived suppressor cells and regulatory T-cells, or up-
regulating major histocompatibility complex class I (MHC-I)
on tumor cells (15-17). In addition, there is evidence that
under certain conditions, chemotherapeutic agents also induce
immunogenic cell death (ICD), which induces production of
immune-activating molecules and uptake of tumor cells by
dendritic cells, resulting in the activation of acquired immunity
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against tumor cells (18). On the other hand, chemotherapy also
induces PD-L1 expression on tumor cells or immune cells,
resulting in resistance to the immune therapy (19-21).

These results led us to investigate the possibility of
combination therapy with immune checkpoint inhibitors plus
anticancer drugs. Cisplatin has been used in a wide range of
tumor types as a standard-of-care therapy. However, there are
still conflicting reports on the impact of cisplatin on the
immune system, and the therapeutic effect and underlying
mechanisms of combination therapy of immune checkpoint
inhibitors with cisplatin is still largely unknown.

Materials and Methods
Mice. Female, 7-week-old C57BL/6 mice were obtained from Charles
River Laboratories Japan, Inc. (Kanagawa, Japan). All animal
experiments were performed in accordance with the Guidelines for
the Care and Use of Laboratory Animals at Chugai Pharmaceutical
Co. Ltd., and all animal procedures were reviewed and approved by
the Institutional Animal Care and Use Committee at Chugai
Pharmaceutical Co., Ltd. (approval number: 16-076).

Cell lines and culture conditions. Cell lines E.G7-OVA and EL4 were
purchased from the American Type Culture Collection (Manassas, VA,
USA). E.G7-OVA and EL4 were maintained in RPMI-1640 (Sigma-
Aldrich, St. Louis, MO, USA) supplemented with 10% (v/v) fetal
bovine serum (Bovogen Biologicals, Melbourne, Australia), 
2.5 g/I D-glucose (Sigma-Aldrich), 1 mM sodium pyruvate (Thermo
Fisher Scientific Inc., Waltham, MA, USA), 10 mM HEPES (Sigma-
Aldrich), and 50 μM 2-mercaptoethanol (Wako Pure Chemical
Industries, Osaka, Japan) at 37˚C under 5% CO2. For E.G7-OVA culture
conditions, 400 μg/ml G418 (Nacalai Tesque, Kyoto, Japan) was added.

Tumor-bearing mouse model and in vivo treatment. E.G7-OVA cells
(1×106 cells) were subcutaneously inoculated into syngeneic C57BL/6
mice, and tumor growth was monitored. Tumor size was measured with
calipers and the tumor volume (TV) was calculated by the following
formula: TV (mm3)={length (mm) × [width (mm)]2}/2. When the tumor
mass became palpable, mice were divided into control and treatment
groups and drug administration was started (day 1). Anti-mouse PD-L1
monoclonal antibody (clone 10F.9G2; BioLegend Inc., San Diego, CA,
USA) or Rat IgG (MP Biomedicals, Santa Ana, CA, USA) was
intraperitoneally administered at 10 mg/kg, three times a week for 2
weeks in the therapeutic experiments. In the analytical experiments, anti-
PD-L1 was administered on day 1 and day 3. Cisplatin (Nippon Kayaku
Co., Ltd., Tokyo, Japan) or saline was intraperitoneally administered at
1 mg/kg on day 1. Complete tumor regression (CR) was defined as a
tumor volume below the limit of detection (≤10 mm3). 

For CD8+ cell-depletion in the experiments evaluating antitumor
effect, mice bearing E.G7-OVA were injected with anti-mouse CD8
monoclonal antibody (clone 2.43; Bio X Cell, West Lebanon, NH,
USA) at 200 μg/injection on day −1 and at 100 μg/injection thereafter
twice a week.

Cell preparation. Tumor tissues were dissected from E.G7-OVA-
bearing mice on day 7. Tumors were minced and digested with mouse
tumor dissociation kit (Miltenyi Biotec, Bergisch Gladbach,
Germany) according to the manufacturer’s protocol.

Axillary and inguinal lymph nodes ipsilateral and contralateral with
respect to the tumor were collected as tumor-draining lymph nodes
(TDLNs) and non-TDLNs, respectively. Minced lymph nodes were
digested with 1 mg/ml collagenase D (Roche, Basel, Switzerland) at
37˚C for 15 min while shaken under rotation. Single-cell suspensions
were prepared by passing through a cell strainer.

Flow cytometry. Single-cell suspensions were incubated with anti-
mouse CD16/CD32 (Tonbo Biosciences, San Diego, CA, USA ) and
fixable viability dyes (FVD) eFluor 506 or eFluor 780 (eBioscience,
San Diego, CA, USA) at room temperature for 5 minutes, and then
stained with the following conjugated antibodies for cell surface
molecules at 4˚C for 15 minutes: Fluorescein isothiocyanate (FITC)–
CD8 (MBL International, Woburn, MA, USA), Alexa Fluor 700–
CD3e, allophycocyanin (APC)- CyChrome (Cy)7–CD45, brilliant
violet (BV)421–PD-1, BV711–CD11c (BioLegend), peridinin-
chlorophyll-protein complex (PerCP)-Cy5.5–CD45, BV650–CD4,
phycoerythrin (PE)-CF594–CD80, BV510–CD11b, alexa fluor 647–
major histocompatibility complex class II (MHC-II), PE-CF594–
F4/80, PE–PD-L1 (BD Biosciences, San Jose, CA, USA).

For detection of ovalbumin (OVA)-specific CD8+ T-cells, cells were
incubated with PE–major histocompatibility complex (MHC)-OVA-
tetramer (MBL International) at room temperature for 30 minutes.

For detection of interferon-gamma (IFNγ)-producing cells, cells
were stimulated with plate-bound anti-mouse CD3 and anti-mouse
CD28 monoclonal antibodies (BD Biosciences) in the presence of
brefeldin A (Sigma-Aldrich) at 37˚C for 4 hours and then stained with
antibodies for cell surface molecules as described above.

For staining of intracellular molecules, cells were fixed and
permeabilized with a forkhead box P3 (FOXP3)/Transcription Factor
Staining Kit (eBioscience) according to the manufacture’s protocol
and then stained with the following conjugated antibodies at 4˚C for
30 minutes: PerCP-Cy5.5–FOXP3 (eBioscience), Alexa Fluor 647–
granzyme B (GZMB), BV786–Ki67 (BD Biosciences), APC–IFNγ
(Tonbo Biosciences).

Data were acquired with an LSRFortessa X-20 cell analyzer (BD
Biosciences) and analyzed using FlowJo software (Tree Star, Ashland,
OR, USA).

Enzyme-linked immunosorbent assay (ELISA). Tumor tissues were
collected on day 3 from the control and cisplatin-treated group and
homogenized. After centrifugation (20,400g for 10 min at 4˚C),
supernatants were harvested and protein concentrations were
measured with a Direct Detect spectrometer (Merck Millipore,
Burlington, MA, USA). Levels of C-X-C motif chemokine ligand 9
(CXCL9) and CXCL10 were determined by using a Quantikine
ELISA kit (R&D Systems, Minneapolis, MN, USA) and a Mouse IP-
10 ELISA kit (Thermo Fisher Scientific Inc.), respectively, following
each manufacturer’s protocol.

Cytotoxicity. CD8+ T-cells were isolated from TDLN cells by a CD8+
cell enrichment kit (Miltenyi Biotec). E.G7-OVA and EL4 were used
as target cells. These tumor cells were labeled with carboxyfluorescein
diacetate succinimidyl ester (CFSE; Thermo Fisher Scientific Inc.) and
co-cultured with isolated CD8+ T-cells at effector/target (E/T) ratio of
10, 20 and 40 at 37˚C for 16 h in a 96-well V-bottom plate. Cells were
stained with FVD eFluor 780 (eBioscience) and the ratio of dead FVD
eFluor 780+ cells among the CFSE+ tumor cells was detected with an
LSRFortessa X-20 cell analyzer. The data were analyzed by FlowJo
software and the cytotoxic activity was calculated by following
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Figure 1. Combination therapy with anti-programed death-ligand 1 (PD-L1) plus cisplatin promoted antitumor effect in a syngeneic mouse tumor
model. A: C57BL/6 mice were subcutaneously inoculated with E.G7-OVA cells and treated with 10 mg/kg anti-PD-L1 antibodies (αPD-L1) three
times a week for 2 weeks, 1 mg/kg cisplatin (CDDP) on day 1, or a combination of both (combo). The tumor volume (mean+SD) is shown. The
number of mice with complete tumor regression (CR) out of the total number of mice per group is shown to the right of the graph. B: Dots represent
the tumor volume of each mouse on day 15 and bars show the median of 10-12 mice per group. C: Tumor-infiltrating CD3+CD8+ cells were detected
by flow cytometry on day 7 and the number of CD3+CD8+ T-cells per mg of tumor tissues was calculated. D: E.G7-OVA–bearing mice were injected
with control IgG or anti-CD8 antibodies (αCD8). One day after the first injection, the indicated treatment were initiated as described above (A).
Dots represent the tumor volume of each mouse on day 13 and bars show the median of 12 mice per group. *Significantly different at p<0.05,
significant differences were determined by Wilcoxon test alone (D) and with Holm–Bonferroni method (B, C).



formula: % cytotoxicity=[(% targeted dead cells − % spontaneous
dead cells)/ (100 − % spontaneous dead cells)] × 100.

Statistics. To evaluate the statistical significance, data for tumor
growth and flow cytometry experiments were analyzed with the
Wilcoxon test and those for cytotoxicity analysis with Student’s t-test.
For comparison of two groups, differences with p<0.05 were
considered to indicate a significant difference. In the analysis of
combination effects, statistical analysis was performed between the
control group and the other groups, and between the combination
group and the groups treated with anti-PD-L1 or cisplatin alone. The

significant p-values were adjusted for multiple comparisons by the
Holm–Bonferroni method. All statistical analyses were performed in
JMP software (SAS Institute, Cary, NC, USA).

Results

Anti-PD-L1 plus cisplatin combination therapy promoted
antitumor activity in a syngeneic mouse tumor model.
Initially, in order to examine the antitumor effects of
combination therapy using anti-PD-L1 plus cisplatin in vivo,
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Figure 2. CD8+ T-cells played a crucial role in the antitumor effect of cisplatin even at a higher dose. C57BL/6 mice were subcutaneously inoculated
with E.G7-OVA cells and treated with 4 mg/kg cisplatin (CDDP) or saline (Cont.). For cell depletion, anti-CD8 antibodies (αCD8) or control IgG
were injected. A: Tumor volumes (mean+SD) are shown. B: Dots represent the tumor volume of each mouse on day 5 or 12 and bars show the
median of five mice per group. *Significantly different at p<0.05, Wilcoxon test.
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Figure 3. Cisplatin (CDDP) increased chemokine levels and expression of immune checkpoint molecules on CD8+ T-cells. E.G7-OVA–bearing mice
were treated with 1 mg/kg cisplatin (CDDP) or saline (Cont.) on day 1. A: On day 3, tumor tissues were collected and the levels of C-X-C motif
chemokine ligand 9 (CXCL9)  and CXCL10 in the tumor homogenates were determined by enzyme-linked immunosorbent assay. Dots represent the
value for each mouse and bars show the median of 13 mice per group. B: On day 7, the percentages of programed cell death-1 (PD1)+ and B7.1+
cells among tumor-infiltrating CD8+ T-cells were determined by flow cytometry. Dots represent the value for each mouse and bars show the median
of 12 mice per group. C: Representative flow cytometric profiles of CD8+ T-cells are shown. *Significantly different at p<0.05, Wilcoxon test.



we utilized E.G7-OVA tumor-bearing mouse model.
Treatment with anti-PD-L1 or cisplatin alone significantly
inhibited tumor growth compared with control treatment
(Figure 1A and B). Notably, the combination therapy led to
antitumor effects even greater than those resulting from
treatment with anti-PD-L1 or cisplatin alone. The
combination therapy induced shrinkage of tumor tissues and
80% of mice showed complete tumor regression on Day 15
(Figure 1A).

Evaluation of CD8+ T-cell migration into tumor tissues
during the treatment revealed that both treatment with anti-
PD-L1 alone and in combination therapy increased CD8+ T-
cell infiltration compared with the control on day 7 (Figure
1C), and there were also more CD8+ T-cells in tumor tissues
of cisplatin-treated mice than in control mice (Figure 1C).
To investigate whether the increase in tumor-infiltrating
CD8+ T-cells led to the antitumor effect, we evaluated tumor
growth under CD8+ T-cell depletion. The therapeutic effects
of anti-PD-L1 treatment were completely abrogated by the
depletion of CD8+ cells (Figure 1D). Furthermore, cisplatin
alone and anti-PD-L1 plus cisplatin combination therapy also
both failed to inhibit tumor growth in the absence of CD8+
cells in vivo (Figure 1D). To exclude the possibility that this
loss of antitumor effect was due to the low dose of cisplatin
(1 mg/kg), we also confirmed that administration of cisplatin
at 4 mg/kg led to both a direct CD8+ T-cell-independent
antitumor effect in the early phase and CD8+ T-cell-

dependent eradication of tumors in the late phase (Figure 2).
These findings indicate that CD8+ T-cells play a pivotal role
in the antitumor effects of cisplatin as well as of anti-PD-L1
in this model.

Cisplatin increased chemokine levels and expression of
immune checkpoint molecules on CD8+ T-cells at tumor sites.
Because chemokines play a crucial role in the recruitment of
effector CD8+ T-cells into tumor tissues in several models,
here we evaluated the intratumor levels of CXCL9 and
CXCL10, which are chemoattractants for CD8+ T-cells (22).
In comparison with the control group, cisplatin treatment
significantly elevated the levels of these chemoattractants in
tumor tissues, indicating the possible function of cisplatin in
recruitment of CD8+ T-cells via increase of chemokine levels
(Figure 3A). Importantly, we found that higher percentages
of tumor-infiltrating CD8+ T-cells expressed PD-1 and B7.1,
both of which bind to PD-L1, in the cisplatin group than in
the control group (Figure 3B). Furthermore, most of the
B7.1+CD8+ T-cells co-expressed PD-1 (Figure 3C).
Moreover, we observed the expression of PD-L1 on E.G7-
OVA tumor cells and on tumor-infiltrating dendritic cells and
macrophages (data not shown). These data suggest the
potential rationale that an antibody against PD-L1 would
engage blockade of both the PD-L1–PD1 and PD-L1–B7.1
pathways which were promoted by cisplatin treatment in the
combination setting.
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Figure 4. Combination therapy with anti-programed death-ligand 1 (PD-L1) plus cisplatin (CDDP) increased effector CD8+ T-cells in tumor tissues.
E.G7-OVA–bearing mice were treated with 10 mg/kg anti-PD-L1 (αPD-L1) on day 1 and day 3, 1 mg/kg cisplatin (CDDP) on day 1, or a combination
of both (combo). On day 7, granzyme B (GZMB)+ and Ki67+ cells among the tumor-infiltrating CD8+ T-cells were determined by flow cytometry. A:
Representative histograms of GZMB and Ki67 gated on CD8+ T-cells. Quantitative analysis of GZMB+ (C) and Ki67+ (D) cells Dots represent the
values for each mouse and bars show the median of 12 mice per group. *Significantly different at p<0.05, Wilcoxon test with Holm–Bonferroni method.



Anti-PD-L1 plus cisplatin combination therapy augmented
effector CD8+ T-cell responses. Next, to evaluate the impact
of anti-PD-L1 plus cisplatin combination therapy on effector
function of CD8+ T-cells, the activation status of tumor-
infiltrating CD8+ T-cells on day 7 was evaluated. In
accordance with the antitumor effect (Figure 1A), treatment
with not only anti-PD-L1, but also cisplatin alone increased
the frequencies of GZMB+ and Ki67+ cells among the tumor-
infiltrating CD8+ T-cells, compared with the control group
(Figure 4). Notably, the populations of these effector CD8+
T-cells were further increased by the combination therapy,
suggesting that combination therapy would result in enhanced
therapeutic effects through the augmentation of CD8+ T-cell
function in tumor tissues.

Combination therapy increased tumor-specific CD8+ T-cells
with functional phenotypes in tumor tissues. E.G7-OVA
expresses OVA as an artificial model antigen, which allows us
to investigate tumor-specific T-cell responses during treatment.
Treatment with anti-PD-L1 or cisplatin alone slightly
increased the median number of OVA-tetramer+CD8+ T-cells
compared with the control, but the changes were not
statistically significant; in contrast, combination therapy
markedly increased OVA-tetramer+ cells in tumor tissues
compared with the other treatment groups (Figure 5A and B).
Moreover, multiple staining analysis revealed that tumor-
infiltrating OVA-tetramer+CD8+ T-cells expressed PD1

(Figure 5A). We found that OVA-specific CD8+ T-cells in
tumor tissues from mice treated with the combination therapy
included higher frequencies of GZMB+ cells than did OVA-
specific CD8+ T-cells from the control or cisplatin-treated
groups (Figure 5C). The median percentage of GZMB+ cells
in the combination group was higher than that in the anti-PD-
L1 group but the difference was not statistically significant in
this case. These results strongly suggest that tumor-specific
CD8+ T-cells are promising targets of anti-PD-L1 treatment
and that the elevated infiltration of functional tumor-specific
CTLs would be a cause of the curative effects of combination
therapy seen in this model.

Tumor-specific CD8+ T-cells were activated in TDLNs during
combination therapy. To further investigate the effects of
these treatments on tumor-specific CD8+ T-cells, we analyzed
the OVA-tetramer+ cells among cells of TDLNs and non-
TDLNs. The number of OVA-specific T-cells among TDLN
cells was significantly higher in the combination group than
in the control group (Figure 6A). Similarly to the results
observed in tumor tissues, we also found that anti-PD-L1 or
cisplatin treatment tended to slightly increase the number of
OVA-tetramer+CD8+ T-cells among the TDLN cells (Figure
6A). The induction of OVA-specific CTLs by combination
therapy was observed only in TDLNs and not in non-TDLNs
(Figure 6A), suggesting the importance of TDLNs in
activation of tumor-specific T-cells.
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Figure 5. Combination therapy with anti-programed death-ligand 1 (PD-L1) and cisplatin (CDDP) activated tumor-specific cytotoxic T lymphocytes
in tumor tissues. E.G7-OVA–bearing mice were treated with 10 mg/kg anti-PD-L1 (αPD-L1) on day 1 and day 3, 1 mg/kg cisplatin (CDDP) on day
1, or a combination of both (combo). On day 7, tumor tissues were collected and used for flow cytometry. A: Representative flow cytometric profiles
of CD8+ T-cells. B: The percentages of OVA-tetramer+ cells among CD8+ T-cells were determined by flow cytometry and the number of OVA-
tetramer+ CD8+ T-cells per mg of tumor tissue was calculated. C: The percentages of granzyme B (GZMB)+ cells among OVA-tetramer+ CD8+
T-cells were determined by flow cytometry. Dots represent the value for each mouse and bars show the median of 12 mice per group. *Significantly
different at p<0.05, Wilcoxon test with Holm–Bonferroni method.



To investigate the antitumor function, CD8+ T-cells were
isolated from TDLN cells and their OVA-specific cytotoxic
activity was evaluated. CD8+ T-cells from the combination
therapy group showed significantly higher cytolysis activity
against E.G7-OVA cells but not against EL4 cells as compared
with CD8+ T-cells from each group treated with anti-PD-L1
or cisplatin alone (Figure 6B). In addition, in this analysis,
anti-PD-L1 and cisplatin treatment each increased OVA-
specific cytotoxic function significantly more than did the
control treatment (Figure 6B). 

Administration of anti-PD-L1 but not cisplatin increased IFNγ-
producing CD4+ T-cells in tumor tissues. In addition to the role
of CD8+ T-cells, mounting evidence points to the critical role
of CD4+ T-cells, especially IFNγ-producing T-helper type 1
(Th1) cells, in antitumor immune responses (23-25).
Accordingly, we investigated the effects of these treatments on
CD4+ T-cell migration and function. Unexpectedly, total
numbers of CD4+ T-cells and FOXP3+ regulatory T-cells in
tumor tissues were not influenced by any of the treatments in
the current study (Figure 7A and B). In addition, we observed
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Figure 6. Tumor-specific cytotoxic T lymphocytes were activated in tumor-draining lymph nodes (TDLNs) during combination therapy. E.G7-OVA–
bearing mice were treated with 10 mg/kg anti-PD-L1 (αPD-L1) on day 1 and day 3, 1 mg/kg cisplatin (CDDP) on day 1, or a combination of both
(combo). On day 7, cells from TDLNs and non-TDLNs were collected. A: The percentages of OVA-tetramer+ cells among CD8+ T-cells were
determined by flow cytometry and the total number of OVA-tetramer+CD8+ T-cells were calculated. Dots represent the value for each mouse and
bars show the median of 12 mice per group. B: CD8+ T-cells were isolated from pooled TDLN cells and cytotoxic activity against E.G7-OVA or
EL4 was measured. Data show means±SD of triplicates. E/T: Effector/target ratio.  *Significantly different at p<0.05, Wilcoxon test (A) or Student’s
t-test (B) with Holm–Bonferroni method.
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Figure 7. Anti-programed death-ligand 1 (PD-L1) treatment increased interferon-gamma (IFNγ)-producing CD4+ T-cells in tumor tissues. E.G7-OVA–
bearing mice were treated with 10 mg/kg anti-PD-L1 (αPD-L1) on day 1 and day 3, 1 mg/kg cisplatin (CDDP) on day 1, or a combination of both
(combo). On day 7, tumor tissues were collected and used for flow cytometry. CD3+CD4+ cells (A) and forkhead box P3 (FOXP3)+ CD4+ cells (B) were
detected by flow cytometry and the numbers of these cells per mg of tumor tissue were calculated. Dots represent the value for each mouse and bars
show the median of 12 mice per group. No significant difference was detected by the Wilcoxon test. The percentages of PD1+ and B7.1+ cells among
CD4+ T-cells were determined by flow cytometry. C: Representative flow cytometric profiles gated on CD4+ T-cells. Quantitative analysis of PD-1+ (D)
and B7.1+ (E) cells. Dots represent the value for each mouse and bars show the median of 12 mice per group. No significant difference was detected by
the Wilcoxon test. The cells prepared from tumor tissues were stimulated ex vivo with anti-CD3 and anti-CD28, and IFNγ-producing cells were detected
by flow cytometry. F: Representative flow cytometric profiles gated on CD4+ T-cells. G: Quantitative analysis of IFNγ+ cells. Dots represent the value
for each mouse and bars show the median of 12 mice per group. *Significantly different at p<0.05, Wilcoxon test with Holm–Bonferroni method.



the expression of PD-1 and B7.1 on CD4+ T-cells in tumor
tissues, and found that most B7.1+CD4+ T-cells co-expressed
PD-1, which was similar to the results found with CD8+ T-cells
(Figures 3C and 7C). However, in contrast with CD8+ T-cells,
the expression of PD-1 and B7.1 on CD4+ T-cells was not
affected by cisplatin treatment (Figure 7D and E). Importantly,
functional analysis showed that treatment with anti-PD-L1
alone and with combination therapy, but not treatment with
cisplatin alone, profoundly increased IFNγ-producing CD4+ T-
cells in response to ex vivo stimulation compared with the
control, and these increases were preferential in the PD-1+
population (Figure 6F and G). These results suggest that CD4+
T-cells are also activated by anti-PD-L1 plus cisplatin
combination therapy and that induction of Th1 responses
would contribute to the enhancement of CD8+ T-cell activity
in the tumor-bearing host.

Discussion

Here we demonstrated that cisplatin, which is used as a
standard-of-care treatment in a broad range of cancer types, in
combination with anti-PD-L1 resulted in a curative therapeutic
effect in a syngeneic E.G7-OVA tumor model. We also found
that combination therapy augmented the function of tumor-
infiltrating CD8+ and CD4+ T-cells and resulted in a
therapeutic effect. Remarkably, although cisplatin is primarily
a chemotherapeutic drug, treatment with cisplatin alone
activated CD8+ T-cell responses against tumors, and the CD8+
T-cells played a critical role in the antitumor effect. These
observations were consistent with those of other reports in
which cisplatin exhibited CD8+ T-cell-mediated therapeutic
effect in other tumor-bearing mouse models (26, 27).
Therefore, although the immune-suppressive effects of cisplatin
are known to be directly toxic to circulating immune cells, our
results indicate that CD8+ T-cell immune responses play a
crucial role in tumor eradication by cisplatin in this model.

Concomitant with cancer immunotherapy, anticancer drug-
induced ICD has been increasing in importance as a therapeutic
strategy for the treatment of cancer because it elicits a variety of
immune responses (18). As mentioned above, we found that
depletion of CD8+ T-cells abrogated the antitumor effects of
cisplatin in the E.G-7-OVA-bearing mouse model. We also found
increased expression of CXCL9 and CXCL10, which are known
to be induced by ICD-mediated responses (28, 29). These results
suggest that cisplatin-mediated ICD would contribute to
activation of immune responses. Although there are reports
showing increased antigen presentation and activation of
dendritic cells after cisplatin treatment (26, 27), cisplatin is
generally thought to be a poor inducer of ICD. The standard
markers of ICD are the release of ATP and high mobility group
box 1 and the translocation of calreticulin to the cell membrane
after drug treatment in vitro (30). In the case of E.G7-OVA,
cisplatin was reported to induce translocation of calreticulin to

the cell membrane only in the presence of endoplasmic reticulum
stress (18), suggesting that in some tumor microenvironments,
cisplatin may cause ICD with additional stress. Indeed, IFNγ
treatment has been shown to cause endoplasmic reticulum stress
in head and neck squamous cell carcinoma cell lines (31), and
expression of calreticulin on cell membranes of human breast
cancer cells increased after cisplatin plus IFNγ treatment (32).
Therefore, because anti-PD-L1 treatment activates immune
responses including IFNγ production at the tumor site, anti-PD-
L1 plus cisplatin combination therapy may lead to ideal
conditions for cisplatin to induce ICD which may contribute to
boosting the therapeutic effects.

In contrast with activation of the immune system through
induction of ICD, reports have shown increased PD-L1
expression on tumor cells after treatment with
chemotherapeutic agents, including cisplatin, which led to
suppression of the function of CTLs (20, 21). This is another
rationale for combination therapies with chemotherapy such
as cisplatin with anti-PD-L1/PD-1. Furthermore, in addition
to the chemotherapeutic modulation of tumor cells, we also
found that expression of PD-1 and B7.1 was increased on
tumor-infiltrating CD8+ T-cells (but not CD4+ T-cells) after
cisplatin treatment. This would be a distinct line of evidence
for proposing combination therapy with cisplatin and anti-PD-
L1, because anti-PD-L1 blocks both PD-L1–PD-1 and PD-
L1–B7.1 pathways. Further precise analysis is needed in order
to reveal the mechanisms by which PD-1 and B7.1 are up-
regulated on CD8+ T-cells after cisplatin treatment and to
reveal the contribution that these immune checkpoint-
expressing T-cells make to the therapeutic effect.

CD4+ helper T-cells, especially IFNγ-producing Th1 cells,
play an important role in generating and maintaining CTL
cells during antitumor immune responses. A recent report
shows that tumor tissues from patients with gastrointestinal
cancer harbor neoantigen-specific Th1 cells, and adaptive
transfer of the tumor-specific Th1 cells resulted in regression
of the lesions, indicating that tumor-specific Th1 cells
substantially augment antitumor immune responses in patients
with cancer (23). However, few studies have investigated the
impact of immune checkpoint inhibitors on CD4+ helper 
T-cells in antitumor immune responses. Although we found in
the current study that anti-PD-L1 but not cisplatin
administration elicited IFNγ-producing Th1 responses in
tumor tissues (Figure 7F and G), the precise mechanisms
underlying anti-PD-1/PD-L1-induced induction of Th1 and its
role in antitumor activity need to be elucidated.

As immunotherapy begins to be used in patients with a wider
range of cancer types, for further progression of cancer
therapeutic strategies, it is essential to understand how standard-
of-care treatment may lead to maximal effects when used in
combination with immunotherapy. Our results provide proof of
principle that combination therapy with anti-PD-L1 and
cisplatin offers robust antitumor effects in a mouse model
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through activation of tumor-specific CD8+ T-cells. Although
monotherapy with immune checkpoint inhibitors does not
sufficiently benefit all patients with cancer, our findings suggest
that anti-PD-L1 plus cisplatin combination therapy will likely
result in higher clinical efficacy in a broader patient population.
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