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Introduction: Programmed cell death 1 ligand 1 (PD-L1) can be upregulated in cancer cells 
via interferon gamma (IFNγ) in the tumor microenvironment. IFNγ/PD-L1 signaling is 
associated with the response to immune checkpoint blockade in melanoma patients. Our 
previous investigation indicated that the microsatellite instability-high (MSI-H) cell line 
might exhibit selective hyperresponsiveness to IFNγ treatment, which contributes to 
increased PD-L1 expression and may be a mechanism of response to anti-PD-1 therapy in 
colorectal cancer.
Methods: The present study evaluated the expression of PD-L1 in a set of MSI and 
microsatellite stability (MSS) cell lines with IFNγ treatment. The differential signaling 
molecules associated with signal transducer and activator of transcription (STAT) contribut-
ing to hyperresponsiveness to IFNγ exposure were also investigated. Furthermore, we 
established a coculture assay containing CT26 cells with higher expression of PD-L1 and 
peripheral blood mononuclear cells (PBMCs) in vitro. Changes in cancer cell viability as 
well as apoptosis status in response to anti-PD-1 therapy were demonstrated. We further 
observed changes in the percentage of CD4+ and CD8+ lymphocytes after PD-1 immunother-
apy in the coculture assay. Finally, the average extent of inflammation and adaptive immunity 
factors in the assay was also investigated.
Results: This in vitro study revealed that the MSI cell line might exhibit hyperresponsive-
ness to IFNγ exposure, and IFNγ induced upregulation of PD-L1 mainly through increased 
STAT1 and decreased STAT3 signaling. IFNγ/PD-L1 signaling participated in the response to 
anti-PD-1 therapy mainly through the CTL profile.
Discussion: Our findings reinforce previous knowledge of the fact that the response to 
immune checkpoint blockade occurs mainly in patients with a preexisting intratumoral IFNγ/ 
PD-L1 signal, thus suggesting potential therapeutic strategies to enhance responsiveness to 
PD-1 blockade immunotherapy in most patients with colorectal cancer.
Keywords: IFNγ, PD-L1, CTL, colorectal cancer

Introduction
Colorectal cancer (CRC) is the third most common cancer in the world.1 With the aging 
of the population and changes in lifestyle, the incidence of colorectal cancer in China 
has gradually increased.2 Tumor surgery and chemotherapy are the main treatments for 
patients with colorectal cancer.3 However, innumerable side effects induced by che-
motherapy-based treatment cannot be ignored. Currently, growing numbers of targeted 
drugs are also available to treat metastatic/progressed colorectal cancer,4 including 
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epidermal growth factor receptor (EGFR)-targeted therapy, 
vascular endothelial growth factor receptor (VEGFR)- 
targeted therapy and immune checkpoint (IC) inhibitor 
immunotherapy. These monoclonal antibodies targeting IC 
have drawn much attention and displayed promising thera-
peutic effects in the field of solid tumor therapy.5–7

Programmed cell death 1 ligand 1 (PD-L1) is a critical IC 
molecule. After binding to its receptor, programmed death 
(PD-1), PD-L1 delivers a suppressive signal to T cells and an 
anti-apoptotic signal to tumor cells, leading to T cell dysfunc-
tion and tumor survival. Blockade of PD-1/PD-L1 results in 
the preferential activation of T cells with specificity for 
cancer and restoration of antitumor activity.8 PD-1 inhibitors 
have become the second-line or third-line treatment recom-
mended by the National Comprehensive Cancer Network 
guidelines for patients with advanced colorectal cancer who 
display mismatch repair deficiency (dMMR)/microsatellite 
instability-high (MSI-H). However, only 5% to 15% of col-
orectal cancers display the MSI-H genotype,9 which leaves 
the majority of patients with CRC of the microsatellite sta-
bility (MSS) genotype, without immunotherapy options.10,11 

If the mechanism for the heterogeneity of the responses to 
anti-PD-1 therapy is elucidated, it could guide clinicians to 
identify other potentially targetable factors and determine 
therapeutic strategies to enhance responsiveness to PD-1 
blockade immunotherapy in most CRC patients.

PD-L1 may be induced by oncogenic signals or can be 
upregulated via interferon gamma (IFNγ). In the tumor 
microenvironment, tumor-infiltrated lymphocytes produce 
IFNγ and drive PD-L1 expression in cancer cells; however, 
the extent of PD-L1 induction is not uniform.12–14 IFNγ/PD- 
L1 signaling is an important marker for predicting the 
response to immune checkpoint blockade in NSCLC and 
melanoma patients.15 Defects in the IFNγ signaling pathway 
are one of the main mechanisms of resistance to anti-PD-1 
immunotherapy.16,17 It is currently accepted that differential 
expression of the PD-L1 protein exists between MSI-H and 
MSS genotypes for CRC patients.18–20 There seems to be 
some evidence to indicate that PD-L1 expression shows 
more signals of antitumor activity during PD-1 blockade 
therapy.21,22 Our previous investigation23 indicated that an 
MSI cell line might exhibit selective hyperresponsiveness to 
IFNγ treatment, which contributes to increased PD-L1 
expression and may be a mechanism of the response to anti- 
PD-1 therapy in colorectal cancer. Furthermore, the differ-
ential molecular mechanisms associated with the signal 
transducer and activator of transcription (STAT) signaling 

pathway contributing to the high PD-L1 expression induced 
by IFNγ exposure were not investigated in the MSI cell line, 
and the profiles of adaptive immunity factors for PD-L1 
overexpression treated with PD-1 blockade, in general, 
remain to be determined.

Accordingly, the present study investigated partial differ-
ential signaling molecules associated with STATs contribut-
ing to hyperresponsiveness to IFNγ exposure in an MSI cell 
line. The profiles of adaptive immunity factors for PD-L1 
overexpression treated with PD-1 blockade in a coculture 
assay in vitro were also observed. Our results provide novel 
insights into the mechanism by which anti-PD-1 therapy 
focuses on IFNγ/PD-L1 signaling, thus suggesting potential 
therapeutic strategies to enhance responsiveness to PD-1 
blockade immunotherapy in most patients with CRC.

Materials and Methods
Cell Line Culture and IFNγ Treatment 
in vitro
Human colorectal cancer cell lines of the MSI genotype 
(HCT116, LOVO, HCT15) and MSS genotype (SW480, 
SW620, SW1116) were obtained from the Institute of 
Zoology, Chinese Academy of Sciences (Kunming, China), 
and mouse colorectal cancer CT26 cells were purchased 
from the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China). The PD-L1-overexpressing CT26 cell 
line was generated as previously described.23 In brief, the 
cDNA sequence of the mouse PD-L1 was generated by PCR 
using 5ʹ-CCGGAATTCGCCACCATGAGGATATTTG 
CTGGCATTATATTC-3ʹ as the forward primer and 5ʹ- 
CCGCTCGAGTTACGTCTCCTCGAATTGTGTATCA-3ʹ 
as the reverse primer. Lentiviruses were produced by transi-
ent transfection of 293T cells using PGMLV-GTP-PD-L1 
constructed plasmid. After transfection, virus samples were 
harvested and concentrated. Transduction of CT26 cells was 
performed by 6 h of exposure to dilutions of the viral super-
natant in the presence of polybrene (5 µg/mL). The above-
mentioned cell lines were plated in 6-well plates at a density 
of 2×105 cells/well and cultured in the presence of IFNγ (100 
IU/mL, PeproTech, USA).

Isolation and Activation of Peripheral 
Blood Mononuclear Cells
PBMCs were isolated out of blood from healthy donors, 
which was obtained from the blood transfusion center in 
Kunming, Yunnan. A total of 10 mL of EDTA- 
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anticoagulant peripheral blood was collected. The source of 
peripheral blood was mouse. Peripheral blood mononuclear 
cells (PBMCs) were isolated using Ficoll-Hypaque (Sigma, 
St. Louis, MO, USA) density gradient centrifugation from 
anticoagulant peripheral blood samples. PBMCs were acti-
vated by the addition of 1% PHA (Sigma, St. Louis, MO, 
USA) and IL-2 (2000 IU/mL, PeproTech, USA) to cultures.

Cancer Cells and PBMC Coculture 
Experiments
IFNγ pretreated cancer cells were seeded in a 96-well plate 
(5×104 per well) in complete RPMI and cocultured with acti-
vated PBMCs (1×105 per well). The PD-1 antibody was used 
at a final concentration of 10 μg/mL to block the PD-1/PD-L1 
interaction.

Cell Proliferation Viability Assay
Cell proliferation viability was measured using Cell 
Counting Kit-8 (CCK-8; Beyotime, China) according to 
the manufacturer’s instructions. Cell viability (%)=OD450 
(experiment - No-treatment control)/OD450 (Conditional 
control - No-treatment control) ×100%.

RT-qPCR
Total cell RNA was extracted using TRIzol reagent (Thermo, 
USA) and then reverse transcribed with the Revert First 
Strand cDNA Synthesis Kit (Thermo, USA) according to 
the manufacturer’s instructions. Reverse-transcription quan-
titative polymerase chain reaction (RT-qPCR) was performed 
using ABI-7500 (Applied Biosystems, USA). The primer 
sequences are described as previously.23

Western Blot
The cell lysates (80 μg) were harvested, separated and 
then transferred onto PVDF membranes as previously 
described.23 The membranes were blocked with 5% 
bovine serum albumin for 1 h at room temperature before 
the addition of 5 mL of primary antibody. The antibodies 
used in this study included anti-PD-L1 (1:500; 
Proteintech) and anti-β-actin (1:2000; Abmart). The 
membrane was then washed with PBS and incubated 
with rabbit anti-HRP-conjugated secondary antibody 
(1:2000; Abmart)) for 1 h at room temperature. The 
bands were visualized using a chemiluminescence reagent 
(Millipore, USA).

Flow Cytometry
The following antibodies were used for FACS analysis: 
CD274-PE, CD4-FITC, and CD8-FITC (eBioscience). The 
carboxyfluorescein succinimidyl ester (CFSE) for the prolif-
eration assays was purchased from eBioscience. Cell samples 
were harvested, washed and stained with 5 μL of antibody for 
30 min to avoid light exposure. Cells were washed, resus-
pended in 500 μL of PBS and transferred to FACS tubes for 
analysis. Cells were analyzed using a Canto II (BD 
Biosciences) FACS machine.

TUNEL Assay
TUNEL staining was performed using an in situ cell death 
detection kit (Roche), and nuclei were stained with DAPI for 
10 min. The number of TUNEL-positive cells (red color) and 
total number of cells (blue color) were captured with 
a fluorescence microscope (Olympus). The rate of cell apop-
tosis was measured by the number of red cells divided by the 
number of blue cells.

Statistical Analysis
All statistical analyses were performed using SPSS soft-
ware version 21.0. Values are given as the mean ± SDs, 
and the differences were assessed with 2-sided tests. 
Statistical significance was set at p values less than 0.05.

Results
IFNγ Induced a Higher Intensity of PD-L1 
Expression in MSI Cell Lines
To investigate whether IFNγ responsiveness is related to 
MSI status, we evaluated the expression of PD-L1 in 
different cell lines induced by IFNγ via RT-qPCR, 
Western blot and FCM. The basic level of PD-L1 onco-
genic expression in CRC cell lines was extremely low. 
Treatment with the same concentrations of IFNγ in MSI 
(HCT116, LOVO, HCT15) cell lines displayed a higher 
intensity of PD-L1 expression compared with MSS 
(SW480, SW620, SW1116) status (Figure 1).

Upregulation of PD-L1 by IFNγ in CRC Cell 
Lines Was Mainly Associated with STAT1 
Activation, and STAT3 Signaling Molecules 
Might Contribute to Hyporesponsiveness to 
IFNγ in MSS Cell Lines in vitro
PD-L1 expression levels may be associated with intrinsic 
oncogenic changes and exogenous cytokine induction. We 
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observed that the basic level of PD-L1 oncogenic expression 
was extremely low, and IFNγ treatment induced high level of 
PD-L1 expression on neoplastic cells. Therefore, the expres-
sion induced by exogenous cytokines including IFNγ, was 
the main source of expression of PD-L1 on CRC cells. It is 
well known that PD-L1 expression stimulated by IFNγ was 
mainly controlled by the JAK-STAT, MAPK or PI3K-AKT 

pathways. Therefore, we used the ERK1/2 inhibitor 
PD98059 (APExBIO, 50 μmol/L), the AKT inhibitor wort-
mannin (APExBIO, 10 μmol/L), or the STAT1 inhibitor 
fludara (APExBIO, 50 μmol/L) to explore the signaling 
mechanism of PD-L1 expression induced by IFNγ (100 IU/ 
mL) in HCT15 and SW620 cells. We evaluated the expres-
sion of PD-L1 in human colorectal cancer cells pretreated 

Figure 1 IFNγ induced a higher intensity of PD-L1 expression in MSI cell lines. To investigate whether IFNγ responsiveness is related to MSI status, we evaluated the 
expression of PD-L1 in different cell lines induced by IFNγ via RT-qPCR, Western blot and FCM. (A and B) PD-L1 expression was measured by flow cytometry in MSI (the 
upper line: HCT116, LOVO and HCT15) and MSS (the lower line: SW480, SW620 and SW1116) cell lines 12 h after treatment with 100 IU/mL IFNγ. DMSO was used as 
a negative control (*P < 0.05). (C) PD-L1 mRNA relative expression induced by IFNγ (100 IU/mL IFNγ for 12 h) was measured by qPCR (*P < 0.05). (D) Expression levels of 
the PD-L1 protein stimulated with 100 IU/mL IFNγ for 12 h.
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with the ERK1/2 inhibitor PD98059 (APExBIO, 50 μmol/L), 
the AKT inhibitor wortmannin (APExBIO, 10 μmol/L), or 
the STAT1 inhibitor fludara (APExBIO, 50 μmol/L) by 
FCM. As shown in Figure 2 in detail, PD-L1 expression 
was significantly downregulated in cell lines with differential 
MSI status when pretreated with fludara. With IFNγ treat-
ment, both MSI and MSS cell lines displayed significant 
phosphorylation of STAT1. Twelve hours later, the expres-
sion of STAT1 in both types of CRC cell lines significantly 
increased (Figure 2D). In contrast, there was no significant 
alteration in STAT3 expression after treatment with IFNγ in 
HCT116 and HCT15 cell lines that displayed the MSI geno-
type. Interestingly, only MSS cell lines (SW480 and SW620) 
displayed obviously enhanced expression of STAT3 signal-
ing molecules after IFNγ exposure, which showed signifi-
cantly increased phosphorylation and protein levels, 
respectively.

PD-L1 Expression Influenced Neoplastic 
Cells in Response to PD-1 Blockade
To investigate whether PD-L1 expression influences the 
response of PD-1 blockade immunotherapy in vitro, we 
performed two different profiles with higher PD-L1 
expression in a coculture assay: PD-L1 transduced 
CT26 cell challenge (a higher extent of PD-L1 over-
expression) and HCT116 enrolled (a lower degree of PD- 
L1 overexpression). As shown in Figure 3, higher PD-L1 
expression in the PD-L1-transduced CT26 coculture sys-
tem exhibited obviously enhanced neoplastic cell viabi-
lity as well as decreased cell apoptosis. No significant 
difference was observed between the HCT116 and 
SW480 groups. Furthermore, immunotherapy with PD- 
1 blockade significantly inhibited cancer cell viability in 
line with enhanced cell apoptotic rate, especially in the 
coculture group enrolled with PD-L1 transduced CT26 
cells (Figure 3C). All neoplastic cells in different cocul-
ture systems treated with PD-1 blockade displayed simi-
lar cell viability and apoptotic rates.

PD-L1 Overexpression on CT26 Cells 
Influenced PD-L1 Expression on CD4+ 

and CD8+ Lymphocytes
As shown in Figure 4A and B, we observed that PD-L1 
protein was also extensively expressed on CD4+ and CD8+ 

lymphocytes in the coculture assay. To investigate whether 
the higher PD-L1 expression on CT26 cells influenced PD- 
L1 expression on cocultured mononuclear cells, we further 

performed fluorescence double staining for PD-L1 and CD4/ 
CD8 by FCM analysis. The results demonstrated that PD-L1 
expression on CD8+ lymphocytes was clearly decreased 
when challenged with PD-L1 overexpression. However, an 
inverse increase in PD-L1 expression on CD4+ lymphocytes 
was observed in the same coculture system.

PD-1 Blockade Induced Changes in CD4+ 

or CD8+ Cell Percentage
To observe changes in CD4+ or CD8+ cell percentage, we 
performed FCM analysis for CD4 or CD8 expression in 
the two coculture system, as shown in Figure 4A and C. 
PD-L1 overexpression on CT26 cells significantly 
decreased the percentage of CD8+ lymphocytes in line 
with increased CD4+ cells in the coculture assay. As 
expected, the percentage of CD8+ lymphocytes clearly 
increased in response to PD-1 blockade. However, the 
expression of CD4+ cells was interestingly decreased 
after anti-PD-1 immunotherapy (Figure 4). After PD-1 
blockade, PD-L1 overexpression on CT26 cells did not 
influence the percentage of CD4+ or CD8+ cells in those 
coculture systems.

PD-L1 Overexpression Influenced 
Inflammation and Adaptive Immunity in 
Response to Anti-PD-1 Immunotherapy
To observe the effect of PD-L1 overexpression on the aver-
age extent of adaptive immunity in response to PD-1 block-
ade, we performed RT-qPCR for selected genes encoding 
signature T cell cytokines as well as core transcription 
factors for the major T helper subsets CD4, Th1/Tc1 
(TBX21 and IFNγ), CTL (CD8A, GZMB, PRF1, IL21), 
Th17 (IL-17A, RORC, IL23A) and Treg (IL10, TGF-β1). 
The sets of genes associated with proinflammatory factors 
(IL1B, IL16, IL6, IL12A, TNF-α) were also analyzed 
(Figure 5). In response to immunotherapy with PD-1 mAb, 
genes encoding CD8, Th17 and pro-inflammatory factors 
were prominently enhanced, especially in cells harvested 
from the PD-L1 overexpression assay. However, associated 
genes of CD4, Th1/Tc1 and Treg were mostly decreased 
when challenged with anti-PD-1 immunotherapy.

Discussion
In this study, we found that cancer cell lines with the MSI 
genotype displayed higher PD-L1 expression induced by 
IFNγ in vitro. Here, IFNγ responsiveness is related to MSI 
status, and this result is also consistent with most clinical 
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investigations that show that MSI patients have 
a significantly higher rate of positivity for PD-L1 
expression.22,24 Recent investigation25 have suggested 
that IFNγ treatment converts immunologically quiet 
tumors into “hot” tumors and works in concert with anti- 
PD1 therapy to provide patient benefit. The mechanism 
may be partly associated with the increased expression of 
PD-L1 on tumor cells.

PD-L1 expression on tumor cells may be generally 
induced by oncogenic signals26,27 or can be upregulated 

via IFNγ.28–30 Considering the similar low PD-L1 expres-
sion on CRC cells without IFNγ exposure in vitro, we then 
explored whether IFNγ/PD-L1 signaling molecules may 
have different effects on the response to IFNγ treatment 
in MSI cell lines. In our experiment, IFNγ exposure 
in vitro induced increased PD-L1 mRNA expression in 
line with the enhanced protein expression, which demon-
strated that the upregulated PD-L1 molecules on CRC cell 
lines may be the result of IFNγ/PD-L1 signaling activation 
and new mRNA transcription, rather than translocation of 

Figure 2 Effects of IFNγ and kinase inhibitors on PD-L1 expression in the MSI and MSS cell lines. (A–C) PD-L1 expression was measured by flow cytometry in HCT15 (the upper 
line) and SW620 (the lower line) cell lines 12 h after treatment with 100 IU/mL IFNγ, with 1 μmol/L wortmannin (AKT inhibitor), 50 μmol/L PD98059 (ERK1/2 inhibitor), or 50 
μmol/L fludara (STAT1 inhibitor). DMSO was used as a vehicle and negative control (*P < 0.05 vs cells treated with IFNγ and DMSO). (D) Expression levels of STAT1, p-STAT1, 
STAT3 and p-STAT3 in MSI cell lines (HCT116 and HCT15) as well as MSS cell lines (SW480 and SW620) with 100 IU/mL IFNγ for 15 min and 12 h, respectively.
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Figure 3 PD-L1 expression influenced neoplastic cells in response to PD-1 blockade. To investigate whether PD-L1 expression influences the response of PD-1 blockade immunotherapy in vitro, 
we performed two different profiles with higher PD-L1 expression in a coculture assay: PD-L1 transduced CT26 cell challenge (a higher extent of PD-L1 expression) and HCT116 enrolled (a lower 
degree of PD-L1 expression). (A) Cell apoptosis shown by TUNEL staining (×40, scale bar is 20 μm) in the four coculture assays. Shown by fluorescence microscopy, red indicates apoptotic cells 
stained by TUNEL, and blue indicates nuclei stained by DAPI. The number of TUNEL-positive cells (red color) and total number of cells (blue color) were captured with a fluorescence microscope. 
The rate of cell apoptosis was measured by the number of red cells divided by the number of blue cells. The apoptotic rate was (26.00±3.61)% in group 1 (CT26+PBMC), (12.33±3.21)% in group 3 
(PD-L1 transduced CT26+PBMC), (90.33±2.52)% in group 2 (CT26+PBMC+PD-1), and (92.00±2.65)% in group 4 (PD-L1 transduced CT26+PBMC+PD-1). The apoptosis rate of group 3 was 
significantly decreased compared with that of group 1 (p=0.001). PD-1 blockade significantly induced an increased apoptosis rate in CT26-challenged (p=0.003), or PD-L1-transduced CT26 cell- 
exposed (p=0.000). No significant difference was observed among the two PD-1 blockade groups. (B and C) Effect of PD-1 blockade on viability of CT26, PD-L1 transduced CT26, SW480 and 
HCT116 cells. Cells were treated with IFNγ plus PD-1 blockade for 12 hours. Cell proliferation viability was measured using Cell Counting Kit-8 assay. Data represented as mean ± SE of three 
independent experiments made in three replicates (*P < 0.05, **P < 0.001). (D) Effect of PD-1 blockade on PD-L1 expression of CT26, PD-L1 transduced CT26, SW480 and HCT116 cells. Cells 
were treated with IFNγ plus PD-1 blockade for 12 hours. PD-L1 expression of cancer cells was measured using flow cytometry (*P < 0.05, **P < 0.001).
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Figure 4 PD-L1 overexpression on CT26 cells influenced PD-L1 expression on CD4+/CD8+ lymphocytes and PD-1 blockade induced changes in CD4+/CD8+ cell counts. 
Analysis of PD-L1 expression on lymphocytes in a coculture assay and CD4+/CD8+ T cells by flow cytometry. (A) After 12 h following activation in the presence of 100 IU/ 
mL IFNγ in the two coculture assays, the mononuclear cells were collected and PD-L1 expression was assessed by flow cytometry (the left column). CD4 and CD8 
expression was, respectively, detected in the two coculture assays treated with IFNγ plus PD-1 blockade for 12 hours (the right column). One representative sample of three 
is shown. (B) The frequency of CD4+PD-L1+ and CD8+PD-L1+ T cells, and the frequency of CD4+CD3+ and CD8+CD3+ T cells (C) in different coculture assays was 
statistical analyzed (*P < 0.05).
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preexisting intracellular PD-L1 protein stores to the cell 
surface. We also showed that IFNγ induces the expression 
of PD-L1 by increasing STAT1 signaling in all CRC cell 
lines. This raises the possibility that drugs targeting STAT1 
might improve IFNγ-induced PD-L1 expression and 
enhance the efficiency of anti-PD-1 immunotherapy.

As shown in the current report, only MSS cell lines 
displayed obviously enhanced expression of STAT3 sig-
naling molecules after IFNγ exposure. IFNγ decreased 
cytokine-induced activation of STAT3 while increasing 
STAT1 signaling.14,31–33 STAT1 may compete for STAT 
binding sites on the receptor, thereby interfering with the 
activation of STAT3. This demonstration of the involve-
ment of distinct signaling pathways in driving PD-L1 
expression in MSS genotype cells suggests new strategies 
for targeting STAT3 to improve the responsiveness of anti- 
PD-1 therapy in colorectal cancer. The broad spectrum of 
biological roles for STAT1/3 suggests that it could be 
difficult to target this factor specifically or selectively in 
MSS tumor cells, but these theoretical mechanisms should 
be kept in mind in future studies.

A literature review34 highlighted that blockade of PD- 
1/PD-L1 ligation results in the preferential activation of 

T-cells with specificity for cancer, restoring antitumor 
T cell activity. It is currently accepted that PD-1 blockade 
immunotherapy might play a remarkable role in tumor 
rejection through activated CD8+ cytotoxic 
T lymphocytes (CTLs). In our experiment, anti-PD-1 
immunotherapy in the PD-L1-overexpressing CT26 cell 
coculture system in vitro displayed the highest extent of 
cancer cell viability rejection, in line with the increased 
apoptosis of CT26 cells, enhanced expression of CTL 
genes, Th17 genes and proinflammatory genes, and higher 
levels of CD8+ lymphocytes, compared with the CT26 cell 
coculture models treated with the same blockade. 
Consistent with our formal studies23 in vivo, the experi-
ment suggested that experimental PD-L1 overexpression 
on CT26 cells might play a remarkable role in tumor cell 
viability rejection in response to PD-1 immunotherapy, 
possibly through infiltrating cytotoxic T lymphocytes as 
well as proinflammatory factors, which promote cell apop-
tosis in the colorectal cancer microenvironment. 
Extremely elevated enhancement of CTL genes was not 
observed in the PD-L1-overexpressing CT26 cell coculture 
system after PD-1 blockade. Furthermore, it was a bit 
depressed that neither terminal neoplastic cell viability 

Figure 5 Immune-related gene expression profiles were assessed using RT-qPCR for selected genes. Sets of genes were defined by functional relevance: CD4, Th1/Tc1, CTL, 
Th17, Treg and pro-inflammation related gene. To analyze the different responses to PD-1 blockade in a coculture assay with CT26 enrolled (the legend is “CT26”, blue) or 
PD-L1 overexpressing CT26 challenged (the legend is “PD-L1 transduced CT26”, red), we calculated the fold change in gene expression using the 2−ΔΔCt method. *Indicates 
statistically significant differences, p<0.05; **indicates p<0.001.
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nor apoptotic rate in coculture assays could be influenced 
by experimental PD-L1 overexpression on CT26 cells in 
the course of PD-1 blockade, which partly associated with 
the limited infiltrating cytotoxic T lymphocytes in the 
coculture assays in vitro. However, to the best of our 
knowledge, our present study is the first report observed 
that PD-1 blockade immunotherapy in PD-L1 higher- 
expression neoplastic cell interestingly displayed the 
higher extent of cancer cell viability rejection compared 
with the CT26 cell coculture models treated with the same 
blockade. Furthermore, the expression of Th17-associated 
genes also displayed an enhanced profile after PD-1 immu-
notherapy, especially in the PD-L1-overexpressing CT26 
cell coculture assay. Published data35 have shown that the 
IL-17A level is increased in the tumor tissues of CRC 
patients. Interestingly, PD-1 blockade increased the 
expression of Th17-associated genes. The paradoxical ten-
dency induced by anti-PD-1 therapy might be partly asso-
ciated with the decreased expression of Treg-associated 
genes. Lessening Treg immunity is favorable for eliminat-
ing neoplastic cells that have undergone PD-1 immu-
notherapy. In response to PD-1 blockade, experimental 
PD-L1 overexpression on CT26 cells induced prominently 
enhanced expression of genes encoding Th17, in line with 
the significantly decreased level of Treg-associated genes. 
It is probably concluded that PD-L1 overexpression on 
CT26 cells has little effect on maintaining the balance of 
Th17/Treg cells in the coculture assay, which responds to 
PD-1 blockade.

On the other hand, we observed that experimental PD- 
L1 overexpression on CT26 cells in the coculture assay 
was accompanied by a decreased amount of CD8+ lym-
phocytes in line with enhanced CD4+ lymphocytes. 
Recently, investigations36 in gastric cancer patients 
demonstrated that positive PD-L1 status in tumor cells 
(tPD-L1) was associated with a higher density of CD8+ 

TILs. Nevertheless, tPD-L1 was associated with an 
increased number of CD4+ TILs only in the nonmetastasis 
group. The discrepancy in CD8+ cell changes might be 
partly attributed to the profile of higher PD-L1 expression 
on cancer cells. These data suggest that experimentally 
overexpressed PD-L1 in CT26 cells probably acted like 
a high-level molecular shield, resulting in anti-apoptosis of 
cells as well as decreased CD8+ lymphocytes. Although 
recent studies37 were compelling as to whether the higher 
density of PD-L1 expressed in tumor cells or in tumor- 
infiltrating myeloid cells in the stroma was featured more 
prominently in anti-PD-1 therapy in CRC, this study also 

extensively observed PD-L1 expression on CT26 neoplas-
tic cells and CD4+/CD8+ lymphocytes in a coculture sys-
tem in vitro. Specifically, PD-L1 expression on CD4+/ 
CD8+ lymphocytes might be associated with changes in 
the number of lymphocytes.

In conclusion, this in vitro study revealed that the MSI cell 
line might exhibit hyperresponsiveness to IFNγ exposure, and 
IFNγ induced upregulation of PD-L1 mainly through 
increased STAT1 and decreased STAT3 signaling. 
Furthermore, IFNγ/PD-L1 signaling also participated in the 
response to anti-PD-1 therapy mainly through the CTL profile. 
Our findings reinforce previous knowledge of the fact that the 
response to immune checkpoint blockade occurs mainly in 
patients with a preexisting intratumoral IFNγ/PD-L1 signal. 
Understanding the complex mechanisms will open new oppor-
tunities for developing pharmaceutical targeted combination 
therapies to enhance the effects of anti-PD-1 immunotherapy.

Cell Line Authentication
Human CRC cell lines were obtained from the Institute of 
Zoology, Chinese Academy of Sciences (Kunming, 
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Chinese Academy of Sciences (CBTCCCAS) can provide 
the Certificate of STR Analysis.
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