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PD-L1 expression increased by IFN-y via JAK2-STAT1
signaling and predicts a poor survival in colorectal cancer
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Abstract. PD-L1 inhibitors are widely used in tumor immu-
notherapy, but their mechanism in colorectal cancer remains
unclear. The present study aimed to investigate the mechanisms
underlying programmed death ligand 1 (PD-L1) regulation via
the interferon-y (IFN-vy)/janus kinase (JAK)/STAT signaling
pathway, and its prognostic value in patients with colorectal
cancer (CRC). A cohort of 181 patients were recruited to
determine the association between PD-L1 expression and
CRC prognosis; the patients were newly diagnosed with
colorectal adenocarcinoma and had also undergone a physical
tumorectomy. Immunohistochemical staining and survival
analysis were used to evaluate the predictive value of PD-L1
protein expression in CRC. Gene set enrichment analysis,
RT-gPCR and western blotting, etc were performed to confirm
that PD-L1 is regulated by the IFN-y/JAK/STAT signaling
pathway. PD-L1 up-regulation was more frequently observed
in patients with larger tumors, positive vascular or lymphatic
infiltration and a poorly differentiated stage in addition to
being associated with a poor survival in patients with CRC.
Following the stimulation with IFN-y, PD-L1 expression levels
were revealed to be increased via the JAK2/STAT]1 signaling
pathway. In conclusion, the findings of the present study indi-
cated that the expression levels of PD-L1 may be associated
with a poor prognosis in patients with CRC. In addition, the
results suggested that the IFN-y-mediated overexpression of
PD-L1 in CRC cells may be regulated by the JAK2/STAT1
signaling pathway.
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Introduction

Colorectal cancer (CRC) represents a major threat to global
health, with an estimated 1,096,601 new cases and 551,269
CRC-associated mortalities predicted worldwide in 2018 (1).
The prognosis of CRC remains poor, particularly in the
advanced stages; this is due to the symptoms frequently
appearing in the later stages of disease, resulting in delayed
diagnosis and treatment (2). Chemotherapy is still the preferred
adjuvant therapy for patients with CRC undergoing radical
resection (3). In addition, an increased range of targeted
therapies, such as EGFR or KRAS targeted therapies are
being applied in clinical practice (4), of which the suppres-
sion of immune checkpoint pathways may represent the most
promising approach (5). However, the discovery of reliable
biomarkers for screening the target population remains an
essential factor for successful targeted therapy.

Programmed death 1 (PD-1) and programmed death
ligand 1 (PD-L1) are important regulators of immune
checkpoints that induce tumor cell immune escape (6).
The expression levels of PD-L1 were discovered to be
increased in various types of tumor, including non-small
cell lung cancer, gastric cancer, breast cancer and colorectal
adenocarcinoma (7-10). The PD-1/PD-L1 blockade has been
used as a novel oncotherapy for multiple types of cancer,
including CRC (11). However, studies assessing the prog-
nostic significance of PD-L1 expression in CRC remain
controversial (10).

Additionally, various pathways are involved in the upregu-
lation of PD-L1 in several cancers of the digestive system,
such as the epidermal growth factor receptor/ERK signaling
pathway in esophageal squamous cell carcinoma (12), the janus
kinase (JAK)/STAT signaling pathway in gastric cancer (13)
and the ERK/mitogen-activated protein kinase pathway in
hepatocellular carcinoma (14). Nonetheless, the mechanisms
by which PD-L1 expression is regulated in CRC are yet to be
fully elucidated. Notably, the interferon-y (IFN-y)/JAK/STAT
signaling pathway has been confirmed to induce PD-L1 expres-
sion in myeloid leukemia cells, and pancreatic and gastric
cancer (13,15,16). However, the roles of the IFN-y/JAK/STAT
signaling pathway in regulating PD-L1 expression in CRC
remain to be determined. Therefore, the present study aimed
to determine the predictive value of PD-L1 in the prognosis of
CRC and the mechanisms of action of PD-L1 regulation, with
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a focus on the IFN-y/JAK/STAT signaling pathway in vitro
and in patients with CRC.

Materials and methods

Patient studies. The present study was approved by the
Institutional Review Board of China-Japan Union Hospital
of Jilin University (Changchun, China) and written informed
consent was provided by all patients. Patients with colorectal
adenocarcinoma were randomly recruited from the Department
of Gastric and Colorectal Surgery in the China-Japan Union
Hospital of Jilin University between January 2010 and
December 2015. Patients enrolled in the present study adhered
to the following inclusion criteria: i) Initially diagnosed with
colorectal adenocarcinoma; ii) had undergone tumorectomy;
and iii) had not received chemotherapy or radiotherapy before
surgery. The exclusion criteria were as follows: i) Patients
with distant metastases and positive surgical margins; and
i) patients who had succumbed to postoperative complica-
tions within 30 days following surgery. Patient diagnosis
was independently confirmed by two pathologists. Finally,
183 patients were randomly selected from the patients that
meet the inclusion and exclusion criteria above.

Clinicopathological data. The following principal clinico-
pathological parameters were obtained from the patients:
Sex, age, World Health Organization classification (17), the
primary tumor, tumor size, vascular lymphatic infiltration,
perineurium invasion, tumor location, tumor differentiation
and tumor-node-metastasis (TNM) stage according to the
American Joint Committee on Cancer/Leading the global
fight against cancer 2010 classifications (18). All patients
underwent follow-up after surgery in the first, third and sixth
month in the first year, and every year by phone until death or
the last scheduled follow-up. Survival time was defined as the
duration between the date of surgery to the date of death or
the final successful follow-up date. Patients who succumbed to
surgical complications during the perioperative period or who
were lost to follow-up at the time of the first interview were
excluded from the survival analysis. A total of 181 patients
were included in the survival analysis.

Gene set enrichment analysis (GSEA). RNA-sequencing
data (level 3 with RPKM files) were downloaded from The
Cancer Genome Atlas (TCGA; https://gdc-portal.nci.nih.
gov). This data set comprised the gene expression data from
cancerous and healthy normal tissue of 276 patients with
colorectal adenocarcinoma (19). These data were preprocessed
using TCGA biolinks and annotated with Entrez ID v.17.0
(https://cancergenome.nih.gov/). The co-expression of PD-L1
with other genes whose sequences were present in this database
was determined using the cBioPortal for Cancer Genomics
v.3.2.13 (20,21). Signaling pathway enrichment was performed
using the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database (http://www.genome.jp/kegg) (22).

Cell culture and treatment. The HCT 116 human CRC cell
line (cat. no. CBP60028, Cobioer) was cultured in DMEM
(HyClone; GE Healthcare Life Sciences), supplemented with
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 100 U/ml
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penicillin/streptomycin. The cells were maintained at 37°C
(5% CO,) in a humidified incubator. Recombinant human
IFN-y (R&D Systems, Inc.) was diluted with PBS to a concen-
tration of 0.2 mg/ml and stored at 70°C. Cells were seeded into
6-well plates at 2x10° cells/well, incubated overnight and then
treated with 10 or 20 ng/ml IFN-vy for 24 h at 37°C.

Immunohistochemistry (IHC). Cancer tissue and paired
normal tissue were obtained from the all of the 181 patients
included in the survival analysis following surgery. Tissue
microarray slides of embedded tumor specimens from patients
with colorectal adenocarcinoma were used for IHC staining.
Briefly, tissues were fixed in 10% formalin for 24 h and
embedded in paraffin at 65°C. Paraffin-embedded tissues were
subsequently cut to a thickness of 5 ym. After washing with
xylene for 20 min twice at room temperature and rehydration in
descending alcohol series for 5 min in different concentrations
(100, 90 and 80%), the slides were boiled for 20 min in ethyl-
enediamine tetraacetic acid without high pressure for antigen
retrieval. Endogenous peroxidase activity was blocked using
3% H,0,. The sections were blocked with 10% normal goat
serum (cat. no. SP-B5; Fuzhou Maixin Biotech Co., Ltd) for
10 min at room temperature prior to incubation with primary
antibody. The sections were incubated with a primary mono-
clonal antibody against PD-L1 (1:200; cat. no. 13684; Cell
Signaling Technology, Inc.) at room temperature for 90 min.
Following the primary antibody incubation, the sections were
incubated with a horseradish peroxidase (HRP)-conjugated
secondary antibody (cat. no. 5020; Fuzhou Maixin Biotech
Co., Ltd) for 15 min at room temperature. The level of protein
expression was determined using the 3,3-diaminobenzidine
(DAB) (cat. no. DAB-0031; Maixin Biotech, Co., Ltd) and a
light microscope (magnification x100) was used to visualize the
slides. PD-L1 expression was observed in the cell membrane
and cytoplasm. The staining intensity was defined as: i) 0, no
immunostaining (<5% expression); ii) 1 weak staining (5-19%
expression); iii) 2, moderate staining (20-49% expression);
or iv) 3, strong staining (=50% expression). The sum of the
intensity and percentage scores resulted in an immunoreac-
tive score value ranging from 0-6 and a total score of >2 was
defined as positive PD-L1 expression.

Western blotting. Total protein from HTC116 cell lines
was extracted using a mammalian protein extraction kit
(cat. no. CW0891M; CoWin Biosciences) and used according
to the manufacturer's instructions. Total protein was quanti-
fied using a bicinchoninic acid assay kit (cat. no. CW0014S;
CoWin Biosciences). The mass of protein loaded per lane
were 10-40 ug on a 12.5% SDS-PAGE gel. The proteins
were transferred to PVDF membranes. The membranes
were blocked with 5% no-fat milk at room temperature
for 1 h. The membranes were incubated with the following
primary antibodies overnight at 4°C: Anti-PD-L1 (1:2,000;
cat. no. 13684; Cell Signaling Technology, Inc.), anti-JAK2
(1:2,000; cat. no. ab39636; Abcam), anti-phosphorylated
(p)-JAK?2 (1:2,000; cat. no. ab32101; Abcam), anti-STATI
(1:2,000; cat. no. ab31369; Abcam), anti-p-STAT1 (1:1,000;
cat. no. ab109461; Abcam) and anti-GAPDH (1:1,000;
cat. no. ab181602; Abcam). The membranes were incubated
with an HRP-conjugated goat anti-rabbit IgG secondary
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Figure 1. PD-L1 expression is associated with a poor prognosis in patients with CRC. (A) Immunohistochemical analysis was used to determine the expression
levels of PD-L1 in CRC tissues. A representative tissue section is presented. Magnification x400. (B) Survival plots for PD-L1 expression levels in patients with

CRC. PD-L1, programmed death ligand 1; CRC, colorectal cancer.

antibody at room temperature for 25 min (1:10,000; cat.
no. ab6721; Abcam). Protein bands were visualized using ECL
reagents (iBright cat. no. CL750; Thermo Fisher Scientific,
Inc.) and a ChemiDoc XRS + imaging system (Bio-Rad
Laboratories, Inc.).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from the tumor tissues of 45 patients
from whom fresh tissues were available using RNA extraction
buffer from the Promega SV Total RNA Isolation System Kkit,
(cat. no. Z3100; Promega Corporation) according to the manu-
facturer's instructions. Total RNA was reverse transcribed
into cDNA using the cDNA synthesis kit Roche Transcriptor
cDNA Synth. Kit 2 (cat. no. 4897030001 ; Roche Diagnostics)
according to the manufacturer's instructions (first step 65°C for
10 min, then 65°C for 30 min and finally 85°C for 5 min). gPCR
was subsequently performed using SYBR Master Mix (Roche
Diagnostics) on a LightCycler 480 Real Time PCR system
(Roche Diagnostics). The thermocycling conditions were as
follows: 94°C for 3 min, followed by 30 cycles of 94°C for
30 sec, 55°C for 30 sec, 72°C for 1 min and 72°C for 1 min with
a final extension step at 72°C for 10 min. The primers used for
RT-gPCR were as follows: PD-L1, forward: 5'-GTACCGCTG
CATGATCAGCTAT-3' and reverse: 5-GGCATTGACTTT
CACAGTAATTCG-3'; IFN-y, forward: 5-TCTGGATCCATG
AACGCTACACACTGC-3' and reverse: 5'-ACTAAGCTT
TCAGCAGCGACTCCTTTTCC-3"; JAK2, forward: 5'-CTG
CAGGAAGGAGAGAGGAAGAGGA-3' and reverse: 5-GAA
TGTTATTGGCAGTCAG-3"; STAT1, forward: 5'-CCACTG
AGACATCCTGCCACC-3' and reverse: 5'-CCACTGAGA
CATCCTGCCACC-3' and GAPDH, forward: 5'-ACCACA
GTCCATGCCATCACT-3' and reverse: 5'-ACTGTGCCG
TTGAATTTGCC-3'. GAPDH was used as the endogenous
reference gene. Expression levels of PD-L1, IFNG, JAK?2 and
STATI were quantified using the 224°4 method (23).

Statistical analysis. Statistical analysis was performed using
SPSS version 17.0 software (SPSS, Inc.) or GraphPad Prism 5.0

software (GraphPad Software, Inc.). Experiments were
repeated 3 times and the data are presented as the mean + SD.
Statistical differences between groups were determined using
one-way ANOVA and a Fisher's Least Significant Difference
post-hoc test. Categorical variables are presented as frequen-
cies (percentages) and were compared using a * test. The
log-rank test was used to determine the significance between
the Kaplan-Meier survival curves generated by SPSS v.17.0
(SPSS Inc.). The variables with P<0.1 in log-rank test were
included in the subsequent multivariate analysis. Multivariate
Cox regression analysis was performed to assess the hazard
ratio (HR) and 95% CI of possible prognostic factors. The
correlations between mRNA expression levels in the tumor
tissues were calculated using Spearman's rank correlation
analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

Association between PD-LI expression levels and the
clinicopathological features of patients with CRC. Among the
181 patients with CRC, 17.1% exhibited PD-L1 expression in
the tumor tissues (Fig. 1A). The association between PD-L1
expression levels and clinicopathological features are presented
in Table I. The expression levels of PD-L1 were found to be
significantly associated with a tumor size of >5 cm, positive
vascular or lymphatic infiltration and a poorly differentiated
stage in the patients (all P<0.01; Table I).

PD-LI expression levels are associated with a poor prognosis
in patients with CRC. The median follow-up time of the
patients was 72.9 months (range, 5.4-109.0 months). At the
end of the follow-up period, 105 (58.0%) patients remained
alive, 49 (27.1%) patients had died and 27 (14.9%) were lost
to follow-up. A log-rank test demonstrated that PD-L1 expres-
sion levels were significantly associated with a poor prognosis
in patients with CRC (Fig. 1B and Table SI). In addition, the
tumor classification as a mucinous adenocarcinoma, positive
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Table I. Association between PD-L1 expression levels and clinicopathological variables of patients with colorectal cancer.

Variable PD-L1 (4+),n (%) PD-L1 (-),n (%) y>-value P-value

Age, years
>65 13 (41.9) 59 (39.3) 0.073 0.788
<65 18 (58.1) 91 (60.7)

Sex
Male 13 (41.9) 86 (57.3) 2458 0.117
Female 18 (58.1) 64 (42.7)

Tumor size
>5cm 10 (32.3) 92 (61.3) 8.830 0.003
<5cm 21 (67.7) 58 (38.7)

Tumor classification
Tubular adenocarcinoma 22 (71.0) 121 (80.7) 4.002 0.135
Mucinous adenocarcinoma 5(16.1) 23 (15.3)
Other 4(12.9) 6(4.0)

Vascular and lymphatic infiltration
No 11 (35.5) 95 (63.3) 8.221 0.004
Yes 20 (64.5) 55 (36.7)

Perineurium invasion
No 21 (67.7) 119 (79.3) 1.970 0.160
Yes 10 (32.3) 31 (20.7)

Tumor location
Rectum 12 (38.7) 74 (49.3) 1.163 0.281
Colon 19 (61.3) 76 (50.7)

Tumor differentiation
Medium and high differentiation 13 (41.9) 134 (89.3) 37.831 <0.001
Poorly differentiated 18 (58.1) 16 (10.7)

Tumor-node-metastasis stage
I-11 11 (35.5) 85 (56.7) 4.628 0.031
III 20 (64.5) 65 (43.3)

PD-L1, programmed death ligand 1.

vascular and lymphatic infiltration, positive perineurium inva-
sion and higher TNM stages were also associated with a poor
prognosis of patients with CRC (P<0.05; Table SI). Variables
with a P-value of <0.1 in the log-rank test were subsequently
included in the multivariate analysis. Multivariate Cox regres-
sion with a stepwise method analysis revealed that the PD-L1
expression levels in tumor cells was an independent risk factor
for the poor survival of the patients with CRC (HR=1.937; 95%
CI=1.038-3.616; P=0.038; Table II). In addition, positive peri-
neural invasion (P=0.004) and higher TNM stages (P=0.013)
were also discovered to be independently associated with
a poor survival of patients with CRC. The variables, tumor
classification (P=0.391) and vascular & lymphatic infiltration
(P=0.368), were excluded from the final multivariate analysis
in Table II.

PD-LI expression levels are correlated with IFNG, JAK2
and STATI expression levels at the mRNA level. Based on the
dataset from TCGA, the genes that were co-expressed with

PD-L1 were sorted using Spearman's rank correlation analysis
(Table SII). Based on r >0.6, 164 genes were selected for
pathway enrichment analysis using the KEGG pathway data-
base. The first 13 pathways sorted by the number of hits from
the 164 aforementioned genes are presented in Table SIII.
Following pathway enrichment analysis, 9 of the 164 genes
were discovered to be enriched in the JAK/STAT signaling
pathway (Fig. 2A and Table III).

Tumors from 45 randomly selected patients with colorectal
adenocarcinoma (among the 181 recruited patients) were
investigated to confirm the correlation between PD-L1 and
IFNG, JAK?2 and STAT1 mRNA expression levels. The results
revealed that PD-L1 expression levels were significantly posi-
tively correlated with the expression levels of IFNG, JAK2 and
STAT1 (Fig. 2B-D).

PD-LI expression levels are increased by treatment with
IFN-y via the JAK2/STATI signaling pathway using the HCT
116 cell line. Following treatment with 10 or 20 ng/ml IFN-y
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Table II. Multivariate Cox's regression analysis for PD-L1
expression levels and the prognosis of patients with colorectal
cancer.
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Table III. Gene enrichment in the JAK/STAT signaling
pathway.

Correlated Spearman's
Variable Hazard ratio  95% CI ~ P-value  gene Cytoband r-value P-value
PD-L1 STAT1 2q32.2 0.7929 5.00x103*
Positive vs. Negative 1.937 1.038-3.616 0.038 Interferon y 12q15 0.7021 1.50x10%
Perineural invasion IL2RA 22q] 2.3 0.6837 5.71x1 0-35
Positive vs. Negative 2416 1330-4389 0004  IL2RB 22q123 0.6837 5.71x10%
TNM stage STAT2 12q13.3 0.6530 4.84x10:2
I vs. I-IT 2206 1.181-4.123 0013  JAK2 op24.1 0.6516 7.08x10
STAT4 2q32.2-q32.3 0.6445 4.94x10%
P-values were calculated using multivariate Cox's regression ILIORA 119233 0.6060 7.56x102
analysis and the stepwise selection method for tumor classification, [RF9 14q12 0.6039 1.22x10°%

vascular & lymphatic infiltration, perineurium invasion, TNM stage
and PD-L1 expression. PD-L1, programmed death ligand 1; TNM,
tumor-node-metastasis.

for 24 h, HCT 116 cells exhibited significantly increased
expression levels of PD-L1 expression compared with the
untreated group (Fig. 3A and B). Consistent with these results,
the expression levels of JAK2 and p-STAT1 were also signifi-
cantly increased in the IFN-vy treatment groups compared with
the untreated group (Fig. 3A and B). The p-JAK2/JAK2 and
p-STAT1/STAT]1 ratios were also increased following the treat-
ment with IFN-y compared with the untreated group. These
findings indicated that the JAK2/STAT1 signaling pathway
may influence IFN-y-mediated upregulation of PD-L1 (Fig. 3).

Discussion

In the present study, increased expression levels of PD-L1
were discovered to be associated with a poor prognosis in
patients with CRC. This result was consistent with the studies
of Zhu et al (24) and Enkhbat et al (25), but paradoxical to the
findings reported by Liu ef al (26). However, in the latter study,
the subjects were patients with metastatic CRC, whereas in the
present study, patients with distant metastases were excluded.
PD-L1 expression was also observed in a large proportion
of patients with tumors of >5 cm, the presence of positive
vascular or lymphatic infiltration and poorly differentiated
tumors. These three clinicopathological variables were all
associated with a poor prognosis in patients with CRC, which
suggests that a poor patient prognosis may be associated with
the expression levels of PD-L1.

Anti-PD-L1 therapy works by blocking the binding of
PD-1 to PD-LI to inhibit negative signaling transmission,
eliminating the T cell immune inhibitory effects and acti-
vating the immune microenvironment, and thus, antitumor
cells (27). Immunotherapy targeting the PD-1/PD-L1 check-
point pathway is effective in a variety of tumors, such as
non-small cell lung cancer, Hodgkin's lymphoma and malig-
nant melanoma; in fact, the FDA has reported an objective
remission rate of >65% following treatment with approved
PD-L1 inhibitors in advanced or metastatic hepatocellular
carcinoma (28). Notably, CRC treatment with PD-L1 inhibitors
was reported to be ineffective (29). Furthermore, a proportion

STAT1, signal transducer and activator of transcription 1; IL2RA,
interleukin 2 receptor subunit o; IL2RB, interleukin 2 receptor subunit
B; STAT?2, signal transducer and activator of transcription 2; JAK2,
janus kinase 2; STAT4, signal transducer and activator of transcrip-
tion 4; IL10RA, interleukin 10 receptor subunit a; IRF9, interferon
regulatory factor 9.

of patients with CRC are PD-L1-negative and even those with
PD-L1-positive CRC do not always respond to checkpoint
inhibitors (30). Therefore, continued investigations into the
molecular mechanisms underlying the action of PD-L1 in
CRC are essential.

The JAK/STAT signaling pathway regulates the upregu-
lation of PD-L1 in pancreatic, gastric, and head and neck
cancers (13,16,31). However, the role of the JAK/STAT
signaling pathway in CRC remains unclear. In the present
study, PD-L1 expression in a cohort of 181 patients was
discovered to be significantly positively correlated with the
expression levels of IFNG, JAK2 and STATI1, which was
consistent with the data extracted from TCGA database.
Additionally, IFN-y was demonstrated to increase the expres-
sion levels of PD-L1 at the protein level, which was suggested
to be mediated via the increased expression levels of p-JAK?2
and p-STAT1. The current findings indicate that the activation
of the JAK2/STATI signaling pathway may regulate PD-L1
expression in CRC.

Previous studies have reported that PD-L1 expression on
tumor-infiltrating immune cells is correlated with the survival
of patients with CRC (32-34). Moreover, the tumor microen-
vironment in CRC becomes infiltrated with T lymphocytes,
which have the potential to activate the JAK/STAT signaling
pathway following IFN-vy stimulation (35). Thus, it was hypoth-
esized that in CRC, IFN-y released from tumor-infiltrating
T lymphocytes may activate the JAK2/STATI1 signaling
pathway and promote the expression of PD-L1. Other studies
have indicated that dysregulated JAK/STAT signaling repre-
sents a promising therapeutic target for modulating immune
responses (36). Furthermore, JAK1/JAK2 mutations were
revealed to block PD-L1 induction, protecting cancer cells
from immune attack (37). In concordance with the findings
of the present study, these findings suggested that blocking
the JAK/STAT signaling pathway may affect the efficacy of


https://www.spandidos-publications.com/10.3892/ol.2020.11647
https://www.spandidos-publications.com/10.3892/ol.2020.11647
https://www.spandidos-publications.com/10.3892/ol.2020.11647

1132 ZHAO et al: PD-L1 IS REGULATED BY JAK2/STAT1 AND PREDICTS CRC PROGNOSIS

A B

[ 1am-5TAT SicHALING PaTHWAY |

Spearman R=0.587, P<0.001

5 '
B ey ot oLt

O 124
=
((Cxebineapokne| L
|receptcr toraction | w104 * .
\ocoplcr ntoraction S .
= | _— £ &
star i B
STAT dimerzaton = -
=] - g 6
- o
3 4
[
(sipetr oty o
2
=
Ko
[:T]
*3

T T T T
0 2 4 6 8 10 12 14
Relative expression of PD-L1

Spearman R=0.414, P=0.005

-
&~ oo ~ 20-
:-Ezo . (20
. =
- . 2 16
216 . . -06 .
c
% 124 92 124
1 w
@ 8
& s 5 8
: 3
> 44 @ 44
% £
€ 0 — g o —
0O 2 4 6 8 10 12 14 o 2 4 6 8 10 12 14

Relative expression of PD-L1 Relative expression of PD-L7

Figure 2. PD-L1 mRNA expression levels are correlated the expression levels of /IFNG, JAK2 and STATI. (A) Kyoto Encyclopedia of Genes and Genomes
analysis revealed nine genes that were enriched in the JAK/STAT signaling pathway. Spearman's rank correlation analysis between the mRNA expression
levels of (B) PD-LI and IFNG, (C) PD-L1 and JAK2 and (D) PD-L1 and STAT1. PD-L1, programmed death ligand 1; JAK, janus kinase; GF, galphaf;
STAM, signal transducing adaptor molecule; TC-PTP, protein tyrosine phosphatase non-receptor; SHP1, the protein-tyrosine phosphatase Shpl; SHP2, the

protein-tyrosine phosphatase SHP2; GRB, growth factor receptor; IRF9, interferon regulatory factor 9; GRB, growth factor receptor bound protein; SOS, SOS
Ras/Rac guanine nucleotide exchange factor.

A B
P=0.001
— i
P-JAK? 2.0 P=0.004 5 15
-8 E5
3?45 2%
= ag =210
JAK2 | e a— g5 10 b3
§ g 05 g% =
P-STATL | s “—‘ 00 g 00 .
IFNy (ngimi) - 10 20 IFN (nglml) - 10 20
STAT1
- 2.0 P=0.031
§ 5 _—
PD-L1 381
g
7510
GAPDH £20s
5
) & 0.0
IFN-y (ng/ml) 0 10 20 PNy (nglml) - 10 20

Figure 3. Treatment with IFN-y induces a significant increase in PD-L1 protein expression levels in colorectal cancer cells. HCT 116 cells were treated with 10
or 20 ng/ml IFN-vy for 24 h. (A) Western blotting was used to determine the relative protein expression levels of PD-L1,JAK2, p-JAK2, STAT1 and p-STATI.

(B) Relative protein expression of PD-L1, p-JAK2/JAK2, p-STAT1/STAT1 following IFN-y treatment. IFN, interferon; PD-LI1, programmed death ligand 1;
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PD-L1 inhibitors in tumor immunotherapy, though further
research is required to confirm this hypothesis.

There are several limitations to the current study. Firstly,
previous studies have reported that PD-L1 expression in
tumor-infiltrating immune lymphocytes has a prognostic value

in CRC (32,38). However, it was difficult to determine PD-L1
expression levels in the tumor-infiltrating immune cells using
the tissue microarray slides in the present IHC staining experi-
ments. Furthermore, comparing the current IHC data with
paired, normal healthy tissues for PD-L1 staining is required



wd 2| SPANDIDOS
) PUBLICATIONS

to validate our findings in further studies. Secondly, previous
studies have suggested that PD-L1 inhibitors demonstrate good
efficacy in patients with microsatellite instability (MSI) and
cancers of the digestive system (39,40); however, information
on the patient MSI was not collected in the present study and
a relative analysis could therefore not be conducted. Thirdly,
experiments using pharmacological inhibitors of JAK/STAT
in the presence of IFN-v are required to be performed in future
research to validate the IFN-y/JAK/STAT/PD-LI hypothesis.
Finally, according to the GSEA, STAT2 and STAT4 are also
enriched in the PD-LI1-related pathway; however, whether
they regulate PD-L1 expression in CRC requires further
clarification.

In conclusion, the findings of the present study suggest
that increased expression levels of PD-L1 may be associated
with a poor prognosis in patients with CRC. Furthermore,
the IFN-y-mediated upregulation of PD-L1 expression may
be regulated via the JAK2/STAT] signaling pathway in CRC
cells.
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