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TP53TG1/STAT axis is involved in the development of 
colon cancer through affecting PD-L1 expression  
and immune escape mechanism of tumor cells 
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Abstract: This research is dedicated to investigating the mechanism of programmed cell death ligand 1 (PD-L1) and 
tumor protein 53 target gene 1 (TP53TG1) in immune regulation of colon cancer (CC). Expressions of TP53TG1, PD-
L1 and signal transducers and activators of transcription (STATs) in CC and their correlation were detected through 
bioinformatics analysis. Effects of PD-L1 and TP53TG1 on the CC were assessed by in vivo and in vitro experiments. 
Herein, PD-L1 level was negatively correlated with TP53TG1 expression, but was positively correlated with the levels 
of STATs. Both overexpressed TP53TG1 and PD-L1 antibody reversed the effects of CT26 cells on inhibiting cell pro-
liferation, cytokine secretion and PD-L1 level, and enhancing the cytotoxicity of NK cells and CD8+ T cells. TP53TG1 
reduced PD-L1 level by inactivating STATs pathway. Downregulation of PD-L1 increased cytokine secretion and T 
lymphocyte killing ability, promoted tumor cell apoptosis, and inhibited the tumor growth. Altogether, TP53TG1/STAT 
axis regulates the immunomodulatory mechanism of CC by reducing PD-L1 expression.
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Introduction

Colon cancer is one of the most frequent malig-
nant tumors in digestive tract, which is attrib-
uted to the interaction of multiple factors such 
as heredity, environment, diet, and intestinal 
microecology [1, 2]. In recent years, the inci-
dence of colon cancer has been increasing [3]. 
This disease is often difficult to be diagnosed 
at the early stage due to its insidious onset [4, 
5]. 

Immunotherapy, including non-specific immu-
notherapy, tumor vaccine and monoclonal anti-
body therapy, is a recently emerging treatment 
option [6, 7]. T cells (cytotoxic T cells (Tc), T 
helper, regulatory T cells (Treg) and natural kill-
ing (NK) T cells) are important immune cells 
and play different roles in the process of medi-
ated immunity [8, 9]. The key to inducing effec-
tive anti-tumor immunity is the activation of 
effector T cells [10]. Programmed cell death 
ligand 1 (PD-L1), a molecule from B7 family, is 
also known as B7-H1 or CD274 [11, 12]. 

Immunotherapy targeting PD-1/PD-L1 is a new 
progress in the field of tumor therapy in recent 
years [13, 14]. Studies have found that the 
expression of PD-L1 is up-regulated in lung can-
cer, breast cancer, pancreatic cancer, hepato-
cellular carcinoma, melanoma and other tumor 
tissues [15, 16]. PD-L1 can inhibit the prolifera-
tion and activation of T cells by binding to its 
receptor programmed cell death 1 (PD-1) and 
negatively regulate the immune response pro-
cess of the body, thus mediating the immune 
escape of tumor and promoting tumor growth 
[17, 18]. There is a breakthrough in the study of 
PD-1/PD-L1 pathway, unveiling that antago-
nists targeting PD-1/PD-L1 pathway can relieve 
their inhibitory effects on T cell function and 
restore the anti-tumor immunity of the body 
[19, 20]. 

Long noncoding RNAs (lncRNAs) are RNA tran-
scripts of non-coding proteins with a length of 
more than 200 nucleotides [21]. In some can-
cers, a series of lncRNAs have been found to 
have carcinogenic or anticancer functions. For 
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example, colon cancer-associated transcript-1 
(CCAT1) has been evidenced to be a carcino-
genic lncRNA in gastric cancer, colorectal can-
cer and hepatocellular carcinoma [22]. In colon 
cancer, lncRNA BC200 is found to be a new 
oncogene and a new therapeutic target [23]. 
Tumor protein 53 target gene 1 (TP53TG1), 
which is a p53-induced lncRNA, also plays an 
important role in the progression of cancer 
[24]. Besides, the deletion of TP53TG1 affects 
the expressions of metabolism-related genes 
in glioma and can promote cell proliferation 
and migration [25]. Angel Diaz-Lagaresa et al. 
have confirmed the anticancer activity of 
TP53TG1 and demonstrated that TP53TG1 is 
involved in the regulatory network of cancer 
cells [26]. However, the role of TP53TG1 in 
colon cancer has not been reported.

In this study, the correlation of PD-L1 and 
TP53TG1 in colon cancer was detected thr- 
ough in vivo and in vitro experiments, and the 
potential regulatory mechanism was further 
investigated.

Materials and methods

Bioinformatics analysis

The expression correlations between TP53TG1/
STAT1 and PD-L1 in lymphoid neoplasm diffuse 
large B-cell lymphoma (DLBC), bladder urothe-
lial carcinoma (BLCA), colon adenocarcinoma 
(COAD), liver hepatocellular carcinoma (LIHC), 
mesothelioma (MESO), kidney renal clear cell 
carcinoma (KIRC), prostate adenocarcinoma 
(PRAD), pancreatic adenocarcinoma (PAAD), 
thyroid carcinoma (THCA), stomach adenocarci-
noma (STAD), esophageal carcinoma (ESCA), 
lung adenocarcinoma (LUAD), cervical squa-
mous cell carcinoma and endocervical adeno-
carcinoma (CESC), head and neck squamous 
cell carcinoma (HNSC), or breast invasive carci-
noma (BRCA) were analyzed using StarBase 
(https://starbase.sysu.edu.cn/index.php). 

Ethical approval and consent to participate

Animal experiments were approved by the 
Animal Ethics Committee of the First Hospital 
of Shanxi Medical University (Z20190523X). 

Cell collection, culture and treatment

The mouse colon cancer cell line CT26 (CL-
0071) was purchased from Procell (Wuhan, 

China) and cultured in RPMI-1640 medium 
(PM150110, Procell) containing 10% fetal 
bovine serum (FBS; 164210, Procell) at 37°C 
with 5% CO2. Then, CT26 cells were collected 
for subsequent in vitro and in vivo cellular and 
animal experiments with or without trans- 
fection.

For murine splenic T cells, a total of 10 BALB/c 
mice (SPF, 4-6 weeks old, 20±2 g, male) were 
obtained from CAVENS (Changzhou, China). 
The mice were intraperitoneally injected with 
50 mg/kg sodium pentobarbital (2%, B005, 
Jiancheng Bioengineering, Nanjing, China) and 
then euthanized by cervical dislocation. Follow- 
ing disinfection with 75% alcohol, the mouse 
spleens were collected, ground and then fil-
tered by sieve mesh. The mononuclear cells 
were obtained by Ficoll density gradient cen-
trifugation, and the cell concentration was 
adjusted to 2×106 cell/ml. Next, cells were iso-
lated by Easy Sep Mouse T cell Isolation Kit 
(#19851A, STEMCELL, Vancouver, Canada) 
according to the manufacturer’s instructions, 
subsequent to which the mouse T cells with 
CD3+ T >90% were obtained. T cells were re-
cultured in RPMI1640 lymphocyte medium at 
37°C with 5% CO2. In the following in vitro 
experiments, the proliferation of T cells was 
detected by cell counting kit-8 (CCK-8) assay 
and flow cytometry, and the levels of cytokines 
secreted by T cells were assessed by enzyme-
linked immunosorbent assay (ELISA). T cells 
were randomly assigned into the following 
groups: mIgG+T group (T cells+mIgG); α-CD3+T 
group (T cells+α-CD3 mAb); α-CD3+T+CT26 
group (T cells+α-CD3 mAb+CT26 cells); α-CD3+ 
mIgG+T+CT26 group (T cells+α-CD3 mAb+ 
mIgG+CT26 cells); α-CD3+α-PD-L1+T+CT26 
group (T cells+α-CD3 mAb+α-PD-L1 mAb+CT26 
cells); α-CD3+T+mock group (T cells+α-CD3 
mAb+CT26 cells transfected with mock); α- 
CD3+T+TP53TG1 group (T cells+α-CD3 mAb+ 
CT26 cells transfected with TP53TG1). 

For CD8+ T/natural killer (NK) cells, the spleens 
of the mice were ground to obtain single-cell 
suspension. The erythrocyte lysate (C3702, 
Beyotime, Shanghai, China) was added to the 
single-cell suspension and lysed at room tem-
perature for 5 minutes (min). Next, the cells 
were mixed with the diluted fluorescent dye-
labeled antibodies and incubated at 4°C for 30 
min. Anti-mouse CD8-FITC antibody (ab237367, 
Abcam, Cambridge, UK) was applied to label 
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CD8+ T cells, while anti-mouse NK1.1-APC  
antibody (50 μl, 1805-11, SouthernBiotech, 
Birmingham, Alabama, USA) was used to mark 
NK cells. The positive cells were collected and 
sorted into the collection tube by a flow cytom-
eter (Epics-XLII, Beckman, Bria, California, 
USA). The cytotoxicity of CD8+ T cells and NK 
cells targeting CT26 cells was detected by LDH 
nonradioactive assay. CT26 cells were random-
ly assigned into control group (CT26 cells+ 
CD8+ T cells), mIgG group (mIgG+CT26 cells+ 
CD8+ T cells), α-PD-L1 group (α-PD-L1+CT26 
cells+CD8+ T cells), mock group (CT26 cells 
transfected with mock+CD8+ T cells), TP53TG1 
group (CT26 cells transfected with TP53TG1 
overexpression plasmid+CD8+ T cells), siTP53- 
TG1 group (CT26 cells transfected with small 
interfering RNA (siRNA) against TP53TG1 
(siTP53TG1)+CD8+ T cells), and siTP53TG1+α-
PD-L1 group (α-PD-L1+CT26 cells transfected 
with siTP53TG1+CD8+ T cells). NK cells were 
allocated into groups below: control group 
(CT26 cells+NK cells); mIgG group (mIgG+CT26 
cells+NK cells); α-PD-L1 group (α-PD-L1+CT26 
cells+NK cells); mock group (CT26 cells trans-
fected with mock+NK cells); TP53TG1 group 
(CT26 cells transfected with TP53TG1 overex-
pression plasmid+NK cells); siTP53TG1 group 
(CT26 cells transfected with siTP53TG1+NK 
cells); siTP53TG1+α-PD-L1 group (α-PD-L1+ 
CT26 cells transfected with siTP53TG1+NK 
cells).

Transfection

TP53TG1 overexpression plasmid and pc-
DNA3.1 vector were obtained from Youbio 
Biotech (Changsha, China). siTP53TG1, siSTAT1, 
siSTAT2, siSTAT3 and corresponding siRNA  
negative control (siNC) were synthesized by 
GenePharma (Shanghai, China) and used for 
the transfection of CT26 cells. According to the 
instructions of Lipofectamine 2000 reagent 
(Thermo, Waltham, Massachusetts, USA), 
Lipofectamine 2000 reagent and the plas- 
mids were separately diluted by Gibco™Opti-

MEM™IReducedSerumMedium, and then the 
two solutions were mixed for further 5 min of 
incubation. The diluted Lipofectamine 2000 
reagent was mixed with the diluted plasmids 
and incubated for 20 min. Next, the mixture 
was added to the cells and cultivated in an 
incubator at 37°C with 5% CO2 for 48 hours (h). 
Untreated cells were assigned into a control 
group. After 48 h, cells were collected for later 
experiments. The sequences used in the trans-
fection were listed in Table 1.

T cell proliferation detection

The 96-well plates were encapsulated by  
anti-CD3 mouse monoclonal antibody (α-CD3 
mAb, 0.5 μg/ml, UCHT1, 217570, Merck, St. 
Louis, Missouri, USA) at 4°C overnight. Next, 
the concentration of transfected or un-trans-
fected CT26 cells was adjusted to 1×105 cell/
ml using RPMI-1640 medium and then cells 
were inoculated into 96-well plates. Thereafter, 
CT26 cells were mixed with the purified mouse 
T cells (5×104 cell/ml) at the ratio of 1:5. 
Subsequently, PD-L1 antibody (α-PD-L1 mAb, 
0.5 μg/ml, 12-5983-42, Invitrogen, Waltham, 
Massachusetts, USA) was added to block the 
PD-1/PD-L1 signaling pathway. Herein, 0.5 µg/
ml mouse IgG (mIgG) antibody (08-6599, 
Invitrogen) was adopted as the corresponding 
isotype control. Afterwards, the cells were 
placed in incubators at 37°C with 5% CO2 for 
3-5 days, and then collected for follow-up 
experiments.

To detect T cell proliferation, CCK-8 assay  
was implemented. Specifically, CCK-8 solution 
(C0037, Beyotime) was added into each well  
to further incubate with cells for 4-6 h at 37°C 
with 5% CO2. Afterwards, the optical density 
(OD) in each well was measured by a microplate 
reader (Model 680, Bio-Rad, Hercules, Califor- 
nia, USA) at the wavelength of 450 nm. 

To determine the cell cycle, flow cytometry was 
exploited. Simply put, cells were fixed with 70% 
ethanol at 4°C overnight, re-suspended with 
FBS and then cultured with RNaseA at 37°C for 
10 min. Next, the propidium iodine (PI, ST511, 
Beyotime) solution was added to stain the cells 
for 20 min in the dark. Finally, the cell cycle dis-
tribution was analyzed under the help of the 
flow cytometer (Epics-XLII, Beckman) and Mod 
Fit LT software V2.0 (Becton Dickinson).

Table 1. The sequences for transfection
Name Sequence: 5’--3’
siTP53TG1 CUACUUCCUGAAAACAACG
siSTAT1 CCCUAGAAGACUUACAAGAUGAAUA
siSTAT2 GAAGUGAAUGCAGAGCUCUUGUUAG
siSTAT3 CCAACGACCUGCAGCAAUA
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Cytotoxicity assay

According to the manufacturer’s specification 
of LDH kit (CK12, Dojindo, Tokyo, Japan), the 
LDH non-radioactive cytotoxicity was adopted 
to detect the cytotoxicity of CD8+ T cells and NK 
cells to target cells. Herein, CT26 cells were 
used as the target cells, and CD8+ T cells and 
NK cells were employed as the effector cells. 
CT26 cells (both transfected and un-transfect-
ed) in α-PD-L1 group and siTP53TG1+α-PD-L1 
group were incubated with α-PD-L1 for 15 min, 
whereas cells in mIgG group were treated with 
the control mIgG. CD8+ T cells and NK cells 
were mixed with CT26 cells (5,000 cells/ml) at 
the effector-target ratio of 5:1, and subjected to 
4-h incubation at 37°C with 5% CO2. Thereafter, 
the working solution was added to further culti-
vate the cells for 30 min. Later, the stop solu-
tion was applied to terminate the reaction. 
Finally, OD value was recorded at a wavelength 
of 490 nm by a microplate reader, followed by 
the calculation of cytotoxicity index (%). The 
specific formula of cytotoxicity index was listed 
below: Cytotoxicity (%) = [(Experimental value - 
LDH Effector cells spontaneous control - Target 
cells spontaneous control)/(Target cells maxi-
mum control - Target cells spontaneous con-
trol)] × 100%.

Animal model establishment and treatment

In model mice, a total of 36 BALB/c mice (SPF, 
4-6 weeks old, 20±2 g, and male) were obtained 
from CAVENS. The mice were raised in an envi-
ronment at 20-26°C in 40-70% humidity under 
a 12 h light/12 h dark cycle and fed by a nor-
mal diet. The mice were divided into 6 groups (n 
= 6), namely normal group, control group, 
α-PD-L1 group, mock group, siTP53TG1+α-
PD-L1 group and siTP53TG1 group.

Colon cancer mouse models were established 
in all groups, except normal group. Concretely, 
2 ml (0.2×107 cells) of CT26 cell suspension 
was subcutaneously injected into the armpit of 
the right forelimb of each mouse. 3 to 4 days 
after the subcutaneous inoculation, the tumor 
at a diameter of 4-5 mm could be touched 
under the armpit of mice, indicating the suc-
cessful inoculation. After 2 weeks, the colon 
cancer mouse model was established. In con-
trol group, mice were intraperitoneally injected 
with 300 μg of physiological saline on the 8th, 
10th and 12th days. Moreover, in α-PD-L1 
group, each mouse was intraperitoneally inject-

ed with 300 μg of α-PD-L1 on the 8th, 10th and 
12th days. Mice in the mock group were subcu-
taneously injected with CT26 cells (0.2×107 
cells) transfected with empty vectors to con-
struct colon cancer models, and then intraperi-
toneally injected with 300 μg of physiological 
saline on the 8th, 10th and 12th days. Mice  
in siTP53TG1 group and siTP53TG1+α-PD- 
L1 group were subcutaneously injected with 
siTP53TG1-transfected CT26 cells (0.2×107 
cells) to construct colon cancer models. In 
siTP53TG1 group, each mouse was intraperito-
neally injected with 300 μg of physiological 
saline on the 8th, 10th and 12th days. Similarly, 
mice in siTP53TG1+α-PD-L1 group were sub-
jected to intraperitoneal injection of α-PD-L1 
(300 μg) on the 8th, 10th and 12th days. Mice 
in normal group were normally fed and intra-
peritoneally injected with 300 μg of physiologi-
cal saline on the 8th, 10th and 12th days.

14 days later, mice were injected with 50 mg/
kg sodium pentobarbital and euthanized. Then 
one of their eyes was removed with tweezers, 
and their blood was dropped into a prepared EP 
tube containing EDTA anticoagulant for follow-
up experiments. Subsequently, mice were euth-
anized by cervical dislocation, and their tumors 
and spleens were dissected and isolated. After 
these, the weight, length and width of mouse 
tumors in each group were measured, and  
the tumor volumes were calculated with the  
following formula: tumor volume = ((width)2 × 
length)/2. Peripheral blood, spleens and 
tumors of mice were applied for the subse-
quent flow cytometry to determine the propor-
tion of immune cell subsets in each group. 
Tumor tissues were extracted for quantitative 
real-time polymerase chain reaction (qRT-PCR), 
Western blot, terminal deoxynucleotidyl trans-
ferase dUTP nick-end labeling (TUNEL) and 
immunohistochemistry, and tumor supernatant 
was used for ELISA.

TUNEL assay

The apoptosis was detected using the TUNEL 
kit (C1091, Beyotime). The tumor tissue sam-
ples of the mice were paraffin-embedded and 
sectioned into 4-μm-thick slices, followed by 
digestion with protease K for 30 min. The slices 
were placed in a wet box and incubated with 
TUNEL reaction fluid at 37°C for 1 h. After the 
addition of streptavidin-horseradish peroxidase 
(HRP) working solution, the slices were incubat-
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ed at room temperature for another 30 min. 
Next, the slices were stained with 3,3’-diamino-
benzidine (DAB) chromogen and counterstained 
with hematoxylin, followed by being dehydrat-
ed, cleared and sealed. Finally, the slices were 
observed under an optical microscope (BX40, 
Olympus, Japan). The nuclei of apoptotic cells 
were brown-yellow or brownish, while the nuclei 
of normal cells were blue.

ELISA

The levels of interleukin (IL)-2, IL-4, IL-10, and 
interferon-γ (IFN-γ) secreted by murine splenic 
T cells and mouse tumor tissues were detected 
using ELISA. Moreover, the levels of IFN-γ, IL-10 
and tumor necrosis factor-β (TNF-β) in tumor 
tissue supernatant were determined by ELISA 
as well. The specific steps were performed 
according to the instructions of ELISA kit. 
Briefly, the standard substances and samples 
were placed into 96-well plates and cultured at 
room temperature for 30 minutes (min), after 
which detection agent was added to each well 
for 1-h cultivation in a humid incubator at 37°C. 
Next, the enzymatic solution was added and 
placed at room temperature for 30 min. 
Eventually, OD value was measured at a wave-
length of 450 nm under the help of a micro-
plate reader (Model 680, Bio-Rad, USA). Herein, 
IFN-γ ELISA Kit (PI508), IL-2 ELISA Kit (PI575), 
IL-4 ELISA Kit (PI612), and IL-10 ELISA Kit 
(PI522) were purchased from Beyotime. TNF-β 
ELISA Kit (MM-0131M2) was bought from 
MEIMIAN (Jiangsu, China).

qRT-PCR

Total RNA was extracted by Trizol reagent 
(R1100, Solarbio), and the concentration and 
purity of total RNA were determined by Nano 
Drop 2000 spectrophotometer (Thermo). cDNA 
synthesis kit (AE301-02, TransGen Biotech, 
Shanghai, China) was used to reversely tran-
scribe total RNA (1 µg). QPCR was conducted 

dehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an endogenous control. The 
expression of relative gene mRNA was mea-
sured by 2-ΔΔCT method [27]. The primers were 
listed in Table 2.

Western blot

Total protein was extracted by Radio-Immuno- 
precipitation Assay (RIPA) Lysis Buffer (P0013C, 
Beyotime), and the protein concentration was 
measured by Bicinchoninic Acid (BCA) Protein 
Assay Kit (P0009, Beyotime). Specifically, the 
total proteins (20 μg) were electrophoresed 
through SDS-PAGE (P0052B, Beyotime) and 
transferred to PVDF membrane (ISEQ00010, 
Solarbio). After being blocked in 5% non-fat 
milk for 1 h, the membrane was probed first 
with primary antibodies at 4°C overnight and 
then with secondary antibodies for 2 h. 
Enhanced chemiluminescence substrate kit 
(PE0010, Solarbio) was used to stain the pro-
tein membrane, and the protein bands on  
the membrane were analyzed by Image Lab 
Software (Bio-Rad). The primary antibodies 
used for Western blot included those against 
PD-L1 (ab233482, 1:100, Abcam), GAPDH 
(ab181602, 1:2000, Abcam), STAT1 (ab3987, 
1:2000, Abcam), phosphorylated (p)-STAT1 
(phospho Y701; ab30645, 1:500, Abcam), 
STAT2 (ab32367, 1:2000, Abcam), p-STAT2 
(phospho Y690; ab53132, 1:300, Abcam), 
p-STAT3 (phospho Y705; ab76315, 1:2000, 
Abcam) and STAT3 (ab119352, 1:5000, 
Abcam). The secondary antibodies adopted 
here comprised goat anti-rabbit IgG H&L (HRP, 
ab205718, 1:2000, Abcam) and goat anti-
mouse IgG H&L (HRP, ab205719, 1:2000, 
Abcam) antibodies. GAPDH was used as an 
internal standard.

Statistical analysis

All experiments were repeated at least three 
times. SPSS19.0 (SPSS Inc., USA) was employ- 
ed for statistical analysis. All data were ex- 

Table 2. The primer sequences for qRT-PCR
Forward Prime: 5’-3’ Reverse Prime: 5’-3’

TP53TG1 CAGCTTCCTGCATGATGCTG GACCTGCCAGCTCTCAGAG
PD-L1 GCTATGGTGGTGCCGACTAC TTGGTGGTGGTGGTCTTACC
CCL17 GGGAGTGCTGCCTGGAGTAC TACAAAAACGATGGCATCCCT
CCL22 TGCCGTGATTACGTCCGTTA AAGGTTAGCAACACCACGCC
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA

with QuantStudio 6 Flex Real-Time 
PCR System (Applied Biosystems, 
Waltham, Massachusetts, USA) and 
SYBR Premix Ex Taq (Takara), and 
PCR amplification was performed 
as follows: pretreatment at 94°C for 
5 min, and 35 cycles of 94°C for 45 
seconds (s), 58°C for 1 min and 
72°C for 1 min, followed by exten-
sion at 72°C for 5 min. Glyceral- 
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pressed as the mean ± standard deviation. 
Analysis of variance (ANOVA) was applied for 
evaluating significant differences in all groups. 
P<0.05 was considered to be statistically 
significant. 

Results

TP53TG1 was negatively correlated with PD-L1

To explore the relationship between PD-L1  
and TP53TG1, bioinformatics analysis was  
conducted. The results showed that there was 

a negative correlation between TP53TG1 and 
PD-L1 in DLBC, BLCA, COAD, LIHC, MESO, KIRC, 
PRAD, PAAD and THCA (Figure 1A-I, P<0.05). 
Thus, the up-regulation of PD-L1 in colon can-
cer tissues was associated with the down-regu-
lation of TP53TG1.

TP53TG1 up-regulation inhibited STAT pathway 
and PD-L1 level in tumor cells

Subsequently, in vitro cell experiments were 
carried out to further determine the regulatory 
relationship between TP53TG1 and PD-L1 and 

Figure 1. Correlation analysis between TP53TG1 and PD-L1 (CD274) in cancer. TP53TG1 was negatively correlated 
with PD-L1 in lymphoid neoplasm diffuse large B-cell lymphoma (A), bladder urothelial carcinoma (B), colon adeno-
carcinoma (C), liver hepatocellular carcinoma (D), mesothelioma (E), kidney renal clear cell carcinoma (F), prostate 
adenocarcinoma (G), pancreatic adenocarcinoma (H) and thyroid carcinoma (I).
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delve into the corresponding mechanism. CT26 
cells were transfected with TP53TG1 overex-
pression plasmid and siTP53TG1. Strikingly, 
TP53TG1 expression was higher in TP53TG1 
group, while being slightly lower in siTP53TG1 
group, as compared with that in control group 
and mock group (Figure 2A, P<0.001). After the 
transfection, the expression of PD-L1 in each 
group was also detected by qRT-PCR and 
Western blot. Compared with those in control 

group and mock group, the protein (Figure 2B, 
2C) and mRNA (Figure 2D) levels of PD-L1 were 
noticeably decreased in TP53TG1 group, but 
were explicitly increased in siTP53TG1 group 
(P<0.001).

Likewise, Western blot was performed to detect 
the activation of STAT pathway. As compared 
with those in control group and mock group, the 
expression levels of p-STAT1, STAT1, p-STAT2, 

Figure 2. Silencing of TP53TG1 inhibited PD-L1 expression and the activation of STAT pathways in CT26 cells. A: The 
transfection efficiency of TP53TG1 overexpression plasmid was evaluated by qRT-PCR in CT26 cells. B-D: The protein 
and mRNA expressions of PD-L1 in different groups were detected by Western blot and qRT-PCR. E-I: The protein 
levels of p-STAT1, STAT1, p-STAT2, STAT2, p-STAT3 and STAT3 in different groups were determined by Western blot. 
*P<0.05, **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. Mock.
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and p-STAT3 were down-regulated in TP53TG1 
group, while being up-regulated in siTP53TG1 
group (Figure 2E, 2F, P<0.05). Besides, STAT2 
and STAT3 levels in siTP53TG1 group were also 
higher than those in control group and mock 
group (Figure 2F, P<0.05). Relative to those in 
control group and mock group, the levels of 
p-STAT1/STAT1 (Figure 2G) and p-STAT2/STAT2 
(Figure 2H) were remarkable lower in TP53TG1 
group, but were higher in siTP53TG1 group 
(P<0.05); while the level of p-STAT3/STAT3 
(Figure 2I) was also markedly lower in TP53TG1 
group, but didn’t differ in siTP53TG1 group (P< 
0.05). Collectively, overexpression of TP53TG1 
inhibited while knockdown of TP53TG1 promot-
ed p-STAT expression. These results suggested 
that the inhibition of STAT pathway was possibly 
related to the overexpression of TP53TG1.

Likewise, the expressions of PD-L1, p-STAT and 
STAT were measured by Western blot after the 
transfection of siTP53TG1, siSTAT1, siSTAT2, 
siSTAT3 and corresponding siNCs into cells. 
Compared with those in mock+siNC group, the 

levels of PD-L1, p-STAT1, p-STAT2, p-STAT3, 
STAT1, STAT2, STAT3, p-STAT1/STAT1 and p- 
STAT2/STAT2 were evidently up-regulated in 
siTP53TG1+siNC group, but the levels of PD-L1, 
p-STAT1 and STAT1 in mock+STAT1 group, the 
levels of p-STAT2 and STAT2 in mock+STAT2 
group, as well as the levels of PD-L1, p-STAT3, 
STAT3 and p-STAT3/STAT3 in mock+STAT3 
group were all down-regulated (Figure 3A-I, 
P<0.05). Meanwhile, p-STAT2/STAT2 level in 
mock+siSTAT2 group was higher than that in 
mock+siNC group (P<0.05). In siTP53TG1+ 
siSTAT1 group, we observed that the levels of 
PD-L1, p-STAT1, STAT1 and p-STAT1/STAT1 
were lower than those in siTP53TG1+siNC 
group, yet they were higher than that in 
mock+siSTAT1 group (Figure 3A-C, P<0.05). In 
siTP53TG1+siSTAT2 group, the levels of p- 
STAT2 and STAT2 were lower than those in 
siTP53TG1+siNC group, whereas the level of 
PD-L1 was higher than that in mock+siSTAT2 
group (Figure 3D-F, P<0.05). In addition, 
p-STAT2/STAT2 level in siTP53TG1+siSTAT2 
group was lower than that in mock+siSTAT2 

Figure 3. STAT silencing partially reversed the effect of siTP53TG1 on STAT pathways. A-C: The effects of siTP53TG1 
and siSTAT on the expressions of PD-L1, p-STAT1 and STAT1 were detected by Western blot and qRT-PCR. D-F: The 
expressions of PD-L1, p-STAT2 and STAT2 were determined by Western blot and qRT-PCR. G-I: The expressions of 
PD-L1, p-STAT3 and STAT3 were detected by Western blot and qRT-PCR. *P<0.05, **P<0.01 vs. Mock+siNC; #P<0.05, 
##P<0.01 vs. siTP53TG1+siNC; ̂ P<0.05, ̂ ^P<0.01 vs. Mock+siSTAT1; ∆P<0.05, ∆∆P<0.01 vs. Mock+siSTAT2; ‡P<0.05, 
‡‡P<0.01 vs. Mock+siSTAT3.
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group, but was higher than that in siTP53TG1+ 
siNC group (Figure 3D-F, P<0.05). In siTP53-
TG1+siSTAT3 group, the levels of PD-L1, 
p-STAT3 and STAT3 were lower than those in 
siTP53TG1+siNC group, while the levels of 
PD-L1, p-STAT3 and p-STAT3/STAT3 were high-
er than those in mock+siSTAT3 group (Figure 
3G-I, P<0.05). Meanwhile, siTP53TG1-induced 
activation of STAT pathway and the up-regula-
tion of PD-L1 could be partly reversed by silenc-
ing STAT1 and STAT3. Interestingly, siSTAT1 had 
a stronger effect on the expression of PD-L1 

than siSTAT3, yet siSTAT2 exerted no significant 
effect on the expression of PD-L1.

In view of the above experimental results,  
the relationship between PD-L1 and STAT1 in 
different cancers was explored by bioinformat-
ics analysis. The data exhibited that there  
was a remarkable positive correlation be- 
tween PD-L1 with STAT1 in COAD, BLCA, BRCA, 
CESC, STAD, ESCA, HNSC, LIHC and LUAD 
(Figure 4A-I). Taken together, increasing the 
TP53TG1 expression could suppress STAT path-

Figure 4. Correlation analysis between STAT1 and CD274 in cancer. PD-L1 was positively correlated with STAT1 in 
colon adenocarcinoma (A), bladder urothelial carcinoma (B), breast invasive carcinoma (C), cervical and endocervi-
cal cancers (D), stomach adenocarcinoma (E), esophageal carcinoma (F), head and neck squamous cell carcinoma 
(G), liver hepatocellular carcinoma (H) and lung adenocarcinoma (I). 
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way to reduce the expression of PD-L1 in tumor 
cells.

The anti-tumor effect of TP53TG1 may be 
enhanced by promoting the proliferation of T 
cells and the secretion of related cytokines

To investigate the effect of PD-L1 expression 
on T cells, CD3+T cells from the spleens of mice 
were isolated and then incubated with CT26 
cells in the presence or absence of α-PD-L1 
and TP53TG1. CCK-8 assay and flow cytometry 
were used to detect the T cell viability and cell 
cycle. As shown in Figure 5A, compared with 
that in mIgG+T group, the cell viability in 
α-CD3+T group was increased (P<0.05). 
However, the viability of α-CD3-induced T cells 
could be reduced by CT26 cells (Figure 5A, 

P<0.05). In the meantime, the cell viability in 
α-CD3+α-PD-L1+T+CT26 group was stronger 
than that in α-CD3+T+CT26 group and α- 
CD3+mIgG+T+CT26 group (Figure 5A, P<0.05). 
Similarly, the cell viability in α-CD3+T+TP53TG1 
group was elevated as compared with that in 
α-CD3+T+mock group (Figure 5A, P<0.05). 
Besides, α-CD3+T group presented a lower  
proportion of cells at G1 phase and a higher 
proportion of cells at S and G2 phases relative 
to mIgG+T group (Figure 5B, 5C, P<0.05). 
Compared with α-CD3+T group, increased pro-
portion of cells at G1 phase but decreased pro-
portion of cells at G2 phase were observed in 
α-CD3+T+CT26 group (Figure 5B, 5C, P<0.05). 
In α-CD3+α-PD-L1+T+CT26 group, the propor-
tion of cells at G1 phase was less but the pro-

Figure 5. Effects of cancer cells, PD-L1 monoclonal antibody (α-PD-L1 mAb) and TP53TG1 on T cells. A: The viability 
of T cells was detected by CCK-8 assay. B, C: The flow cytometer was used to determine cell cycle, and the propor-
tion of cells at G1, S and G2 phases in different groups was quantified. D-G: The levels of IL-2, IL-4, IL-10 and IFN-γ 
in each group were detected by ELISA. T cells were obtained from spleens of mice. *P<0.05, **P<0.01 vs. mIgG+T; 
#P<0.05, ##P<0.01 vs. α-CD3+T; ̂ P<0.05, ̂ ^P<0.01 vs. α-CD3+T+CT26; ΔP<0.05, ΔΔP<0.01 vs. α-CD3+mIgG+T+CT26; 
‡P<0.05, ‡‡P<0.01 vs. α-CD3+T+mock.
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portion of cells at G2 phase was more than 
those in α-CD3+T+CT26 group and α-CD3+ 
mIgG+T+CT26 group (Figure 5B, 5C, P<0.05). 
In α-CD3+T+TP53TG1 group, the proportion of 
cells at G1 phase was less yet the proportion of 
cells at G2 phase was more than those in 
α-CD3+T+mock group (Figure 5B, 5C, P<0.05). 
Notably, α-PD-L1 could promoted T cell viability 
and partially reversed the inhibiting effect 
induced by co-treatment of α-CD3 and CT26 
cells; overexpressed TP53TG1 also led to pro-
moted T cell viability and partially reversed the 
inhibiting effect induced by co-treatment of 
α-CD3 and mock. These data signified that 
overexpressed TP53TG1 and PD-L1 antibody 
regulated cell cycle, thereby rescuing the viabil-
ity of T cells suppressed by tumor cells. 

To measure the levels of IL-2, IL-4, IL-10 and 
IFN-γ, ELISA was performed. Compared with 
those in mIgG+T group, the levels of IL-2 (Figure 
5D), IL-4 (Figure 5E), IL-10 (Figure 5F) and IFN-γ 
(Figure 5G) in α-CD3+T group were up-regulat-
ed (P<0.05), and the increased levels induced 
by α-CD3 could be partly down-regulated by 
CT26 cells (P<0.05). In α-CD3+α-PD-L1+T+ 
CT26 group, the levels of IL-2, IL-4, IL-10 and 
IFN-γ were higher than those in α-CD3+T+CT26 
and α-CD3+mIgG+T+CT26 groups (P<0.05). 
Similarly, α-CD3+T+TP53TG1 group had higher 
levels of IL-2, IL-4, IL-10 and IFN-γ relative to 

group and TP53TG1 group, but was decreased 
in siTP53TG1 group (Figure 6A, 6B, P<0.05). In 
addition, the cytotoxicity in mock group was 
lower than that in TP53TG1 group, but was 
higher than that in siTP53TG1 group (P<0.05). 
In siTP53TG1+α-PD-L1 group, the cytotoxicity 
was lower than that in α-PD-L1 group, while 
being higher than that in siTP53TG1 group 
(P<0.05). These results signified that PD-L1 
antibody and overexpressed TP53TG1 improved 
while siTP53TG1 repressed the cytotoxic 
effects of CD8+ T cells and NK cells on CT26 
cells.

The tumor growth induced by CT26 cells and 
siTP53TG1 was dampened by inhibiting PD-L1 
expression via PD-L1 antibody 

The specific mechanism of PD-L1 affecting the 
occurrence and development of colon cancer 
was analyzed via animal experiments. A total of 
24 BALB/c mice were divided into 6 groups (n = 
6): normal group, control group, α-PD-L1 group, 
mock group, siTP53TG1+α-PD-L1 group and 
siTP53TG1 group. After 14 days, the average 
tumor volume of the mice in each group was 
100 mm3, indicating the successful establish-
ment of the model (Figure 7A). 

After the mice were euthanized, the tumor 
weight and volume of mice in each group were 
measured and compared (Figure 7B, 7C). We 

Figure 6. Cytotoxic effects of CD8+ T and NK cells on CT26 cells. A: 
The effects of α-PD-L1 and TP53TG1 on the cytotoxicity of CD8+ T 
cells to CT26 were evaluated by LDH nonradioactive assay. CD8+ T 
cells from spleens of mice were selected by flow cytometry, CT26 
cells served as the target cells, and CD8+ T cells acted as effector 
cells (effector-target ratio = 5:1). B: The effects of α-PD-L1 and 
TP53TG1 on the cytotoxicity of NK cells to CT26 were detected 
by LDH nonradioactive assay. NK cells from spleens of mice were 
selected by flow cytometry, CT26 cells acted as the target cells, 
and NK cells functioned as effector cells (effector-target ratio = 
5:1). *P<0.05, **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. mIgG; 
^P<0.05, ^^P<0.01 vs. α-PD-L1; ΔP<0.05, ΔΔP<0.01 vs. TP53TG1; 
‡P<0.05, ‡‡P<0.01 vs. siTP53TG1.

α-CD3+T+mock group (P<0.05). In light 
of the above information, it was plausi-
ble to conclude that PD-L1 antibody 
and overexpressed TP53TG1 partially 
reversed the effects of CT26, and up-
regulated the expression levels of IL-2, 
IL-4, IL-10 and IFN-γ. 

The cytotoxic effects of CD8+ T cells 
and NK cells on CT26 cells could be 
enhanced by inhibiting PD-L1 expres-
sion with overexpressed TP53TG1 and 
PD-L1 antibody

To investigate whether PD-L1 affected 
the cytotoxicity of CD8+ T and NK cells 
to CT26 cells, flow cytometry was used 
to separate CD8+ T and NK cells from 
the spleens of the mice. Subsequently, 
the cytotoxicity of CD8+ T cells (Figure 
6A) and NK cells (Figure 6B) targeting 
CT26 cells was detected by LDH non-
radioactive assay. Compared with that 
in control group and mIgG group, the 
cytotoxicity was increased in α-PD-L1 
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found that the tumor weight and volume  
were decreased in α-PD-L1 group, but were 
increased in siTP53TG1 group, as compared 
with those in control group (Figure 7B, 7C, 
P<0.05). Moreover, the tumor weight and vol-
ume in siTP53TG1 group were higher than 
those in mock group (P<0.05). In siTP53TG1+ 
α-PD-L1 group, the tumor weight and volume 
were higher than those in α-PD-L1 group, but 
were lower than those in siTP53TG1 group 
(P<0.05). These findings suggested that PD- 
L1 antibody inhibited the tumor growth, and 
partially reversed the promoting effect of 
siTP53TG1 on tumor growth.

The proportion of CD8+ T cells and NK cells 
reduced by siTP53TG1 was reversed by inhibit-
ing PD-L1 expression via PD-L1 antibody, and 
the trafficking of Tregs regulated by siTP53TG1 
was counteracted via PD-L1 antibody

The peripheral blood and tumors of mice in 
each group were isolated, and the proportion of 
immune cell subsets in peripheral blood and 

tumors was detected by flow cytometry. As 
denoted in Tables 3, 4, in comparison with  
normal group, the proportion of CD8

+CD3
+/CD3

+ 
was higher in control group, while the propor-
tion of NK cells (Table 4) was lower in control 
group (P<0.05). However, compared with that 
in control group, the proportions of CD8

+CD3
+/

CD3
+ and NK cells were increased in α-PD-L1 

group (P<0.05), but were decreased in 
siTP53TG1 group (P>0.05). Furthermore, the 
proportions of CD8

+CD3
+/CD3

+ and NK cells in 
siTP53TG1+α-PD-L1 group were more than that 
in siTP53TG1 group (P<0.05). 

In peripheral blood, the proportion of Tregs in 
control group was less than that in normal 
group. When compared with that in control 
group, the proportion of Tregs in α-PD-L1 group 
was increased significantly, but was slightly 
decreased in siTP53TG1 group. Besides, the 
proportion of Tregs in siTP53TG1+α-PD-L1 
group was lower than that in α-PD-L1 group 
(Table 5, P<0.05). In tumor, the proportion of 

Figure 7. Roles of α-PD-L1 and siTP53TG1 in tumor growth. A: The mouse model was successfully constructed, and 
the tumor was excised and assigned into different groups. B: The tumor volume of mice in each group. C: The tumor 
weight of mice in each group. *P<0.05, **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. α-PD-L1; ^P<0.05, ^^P<0.01 vs. 
mock; ∆P<0.05, ∆∆P<0.01 vs. siTP53TG1.

Table 4. Percentage of NK cells in different 
position

Group Peripheral 
Blood Tumor

Normal 4.11±0.46 -
Control 3.17±0.41‡ 4.21±0.36
α-PD-L1 4.02±0.40* 5.16±0.52*

Mock 3.22±0.45 4.35±0.38
siTP53TG1 3.00±0.32 3.79±0.35
siTP53TG1+α-PD-L1 3.80±0.35Δ 4.84±0.46Δ

‡P<0.05 vs. normal; *P<0.05 vs. control; ΔP<0.05 vs. 
siTP53TG1.

Table 3. Percentage of CD8+CD3+/CD3+ in 
different position

Group Peripheral 
Blood Tumor

Normal 25.6±1.2 -
Control 31.5±1.6‡‡ 11.6±0.8
α-PD-L1 38.2±1.4** 20.2±1.4**

Mock 30.9±1.4 11.4±0.9
siTP53TG1 28.4±1.3 9.7±0.7
siTP53TG1+α-PD-L1 37.0±1.5ΔΔ 18.8±1.1ΔΔ

‡‡P<0.01 vs. normal; **P<0.01 vs. control; ΔΔP<0.01 vs. 
siTP53TG1.
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Tregs was the lowest in α-PD-L1 group while 
being the highest in siTP53TG1 group as com-
parison with control, mock and siTP53TG1+α-
PD-L1 groups (P<0.05). Apart from these, we 
found that PD-L1 antibody increased the pro-
portion of CD8+ T cells, NK cells and peripheral 
blood Tregs, yet decreased the proportion of 
Tregs in tumor. Notably, siTP53TG1 had no sig-
nificant inhibitory effect on the proportion of 
CD8+ T cells and NK cells, but reduced the pro-
portion of Tregs in the peripheral blood while 
promoting the proportion of Tregs in tumor. 
Moreover, such effects of siTP53TG1 could be 
reversed by PD-L1 antibody.

Decreased cytokine expressions and in-
creased chemokine expressions in tumor tis-
sues caused by siTP53TG1 were reversed by 
PD-L1 antibody 

Expressions of IFN-γ, TNF-β and IL-10 in tumor 
tissues of mice in each group were detected by 
ELISA. As shown in Figure 8A-C, the levels of 
IFN-γ, TNF-β and IL-10 were up-regulated in 
α-PD-L1 group, but were down-regulated in 
siTP53TG1 group compared with those in con-
trol group (P<0.05). Meanwhile, the levels of 
IFN-γ, TNF-β and IL-10 in siTP53TG1 group were 
lower than those in mock group (Figure 8A-C, 
P<0.05). In comparison with those in siTP53- 
TG1+α-PD-L1 group, the levels of IFN-γ, TNF-β 
and IL-10 were higher in α-PD-L1 group, but 
were lower in siTP53TG1 group (Figure 8A-C, 
P<0.05). From the data above, it could be found 
that siTP53TG1 inhibited while PD-L1 antibody 
promoted the expressions of IFN-γ, TNF-β and 
IL-10, and PD-L1 antibody reversed the effects 
produced by siTP53TG1.

The expressions of CCL17 and CCL22 in tumor 
tissues of mice in each group were detected  
by qRT-PCR. Compared with those in control 

could be seen that TP53TG1 silencing promot-
ed while PD-L1 antibody inhibited the expres-
sions of CCL17 and CCL22 in tumor tissues, 
and PD-L1 antibody reversed the effect pro-
duced by siTP53TG1.

The expression of TP53TG1 in tumor tissues of 
each group was quantified by qRT-PCR. We 
found that TP53TG1 level in siTP53TG1 group 
was lower than that in control and mock groups 
(Figure 8E, P<0.001), and TP53TG1 level in 
siTP53TG1+α-PD-L1 group was lower than that 
in α-PD-L1 group (P<0.001). Nevertheless, no 
significant difference was observed in the level 
of TP53TG1 between the control and α-PD-L1 
groups. The aforementioned findings suggest-
ed that PD-L1 antibody had no significant effect 
on TP53TG1 expression, and TP53TG1 unidi-
rectionally regulated PD-L1 expression.

The inhibitory effect of TP53TG1 knockdown 
on the apoptosis of mouse tumor cells was 
possibly achieved via activating STAT pathway 
to promote PD-L1 expression, while PD-L1 anti-
body reversed the effect of STAT pathway

The apoptosis was detected by TUNEL assay, 
where the nucleus of apoptotic cells was brown-
yellow or brownish, and the nucleus of normal 
cells was blue. As delineated in Figure 8F, 8G, 
fewer apoptotic cells were found in the control 
group and the siTP53TG1 group. Compared 
with those in the control group, the apoptotic 
cells in the α-PD-L1 group were remarkably 
increased. Furthermore, the apoptotic cells in 
the siTP53TG1+α-PD-L1 group were more than 
those in the siTP53TG1 group but were less 
than those in the α-PD-L1 group. PD-L1 anti-
body promoted the apoptosis of CT26 cells,  
but dwindled PD-L1 expression. However, the 
knockdown of TP53TG1 inhibited the apopto-
sis, and led to the increased PD-L1 expression 
and decreased TP53TG1 expression.

Table 5. Percentage of Tregs in different position
Group Peripheral Blood Tumor
Normal 2.35±0.24 -
Control 1.42±0.25‡‡ 3.94±0.27
α-PD-L1 1.93±0.21* 2.17±0.29**

Mock 1.38±0.21 4.15±0.28
siTP53TG1 1.23±0.26 6.03±0.45**,^^

siTP53TG1+α-PD-L1 1.28±0.25# 5.14±0.37##,Δ

‡‡P<0.01 vs. normal; *P<0.05 vs. control, **P<0.01 vs. control; #P<0.05 vs. 
α-PD-L1, ##P<0.01 vs. α-PD-L1; ^^P<0.01 vs. mock; ΔP<0.05 vs. siTP53TG1.

group, the levels of CCL17 and 
CCL22 were diminished in α-PD-L1 
group, but were boosted in siTP- 
53TG1 group (Figure 8D, P<0.05). 
Besides, siTP53TG1 group exhibit-
ed higher levels of CCL17 and 
CCL22 than mock group (Figure 8D, 
P<0.001). In siTP53TG1+α-PD-L1 
group, the levels of CCL17 and 
CCL22 were higher than those in 
α-PD-L1 group, but were lower than 
those in siTP53TG1 group (Figure 
8D, P<0.001). From these results, it 



Roles of TP53TG1 and PD-L1 in colon cancer

5231	 Am J Cancer Res 2023;13(11):5218-5235

The effects of α-PD-L1 and siTP53TG1 on STAT 
pathway were detected by Western blot. 
Compared with those in control group, the lev-
els of p-STAT1, p-STAT2 and p-STAT3 were 
down-regulated in α-PD-L1 group, but were up-
regulated in siTP53TG1 group (Supplementary 
Figure 1A, 1B, P<0.05). Meanwhile, the levels 
of p-STAT1, p-STAT2 and p-STAT3 in siTP53TG1 
group were higher than those in mock group 
(Supplementary Figure 1A, 1B, P<0.001). In 
siTP53TG1+α-PD-L1 group, the levels of p- 
STAT1, p-STAT2 and p-STAT3 were higher than 
those in α-PD-L1 group, but were lower than 
those in siTP53TG1 group (Supplementary 
Figure 1A, 1B, P<0.001). STAT3 level in 
siTP53TG1+α-PD-L1 group was diminished rel-
ative to that in siTP53TG1 group and α-PD- 
L1 group (Supplementary Figure 1A, 1B, P< 
0.001). Moreover, the expression levels of 
p-STAT1/STAT1, p-STAT2/STAT2 and p-STAT3/
STAT3 were down-regulated in α-PD-L1 group, 
but were up-regulated in siTP53TG1 group, as 
compared with those in control group (Supple- 
mentary Figure 1C-E, P<0.001). Additionally, 
the expression levels of p-STAT1/STAT1, p- 
STAT2/STAT2 and p-STAT3/STAT3 in siTP53- 
TG1+α-PD-L1 group were lower than those in 

siTP53TG1 group, but were higher than those in 
α-PD-L1 group (Supplementary Figure 1C-E, 
P<0.001). At the same time, the expression  
levels of p-STAT1/STAT1, p-STAT2/STAT2 and 
p-STAT3/STAT3 in siTP53TG1 group were ele-
vated as compared with those in mock group 
(Supplementary Figure 1C-E, P<0.001). These 
data collectively indicated that PD-L1 antibody 
inhibited the activation of STAT pathways by 
decreasing PD-L1 expression, while silencing of 
TP53TG1 activated STAT pathways. Thus, the 
inhibitory effect of TP53TG1 knockdown on  
the apoptosis of mouse tumor cells may be 
achieved by activating STAT pathway to pro-
mote PD-L1 expression. 

Discussion

In this study, we found a significant negative 
correlation between TP53TG1 and PD-L1 in 
certain cancers, particularly in COAD. This 
result further proved that TP53TG1 and PD-L1 
played important roles in promoting the pro-
gression of colon cancer, and there was a cor-
relation between their expression levels in co- 
lon cancer. In order to further explore the roles 
of TP53TG1 and PD-L1 in colon cancer, this 
study analyzed the regulatory mechanism of 

Figure 8. Effects of α-PD-L1 and siTP53TG1 on cytokine expressions and apoptosis. A-C: The levels of IFN-γ, TNF-β 
and IL-10 in each group were detected by ELISA. D: The levels of CCL17 and CCL22 in each group were quantified 
by qRT-PCR. E: The level of TP53TG1 in each group was detected by qRT-PCR. F, G: The apoptosis was detected 
by TUNEL. *P<0.05, **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. α-PD-L1; ^P<0.05, ^^P<0.01 vs. mock; ΔP<0.05, 
ΔΔP<0.01 vs. siTP53TG1.
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TP53TG1 on the expression of PD-L1. Studies 
have revealed that inhibiting the activation of 
the JAK/STAT pathway can repress the prolifer-
ation and growth of colon cancer cells [28, 29]. 
It has been reported that orexin A suppresses 
the expression of exosomal PD-L1 in colon  
cancer by inhibiting JAK2/STAT3 signaling path-
way [30], signifying that the expression of 
PD-L1 is positively correlated with the JAK2/
STAT3 pathway. In this study, we also found  
the expression of PD-L1 was inhibited by  
STAT3 silencing and the tendency was further 
strengthened when TP53TG1 was overex-
pressed in CT26 cells, along with the inactiva-
tion of STAT pathway. These findings suggested 
that TP53TG1 possibly dampened the PD-L1 
expression via inhibiting STAT signaling path-
way. Apart from these, we found that STAT1 was 
the main conditional factor. 

The occurrence of tumor is closely related to 
immune imbalance of the body [31, 32]. Anti-
tumor effector cells play pivotal roles in anti-
tumor immune response, among which T cells, 
NK cells and macrophages are the most impor-
tant effector cells [33, 34]. PD-L1 has been 
reported to negatively regulate T lymphocytes, 
as PD-L1 inhibits the proliferation of T cells and 
the secretion of cytokines, and induces the 
apoptosis of T cells [35, 36]. In this study, we 
found that CT26 cells inhibited the proliferation 
of T cells and caused cell cycle arrest at G1 
phase, and the changes could be partly res-
cued by the overexpressed TP53TG1 and PD- 
L1 antibody. Moreover, under the inhibition of T 
cell proliferation, the expression levels of IL-2, 
IL-4, IL-10 and IFN-γ were down-regulated at  
the same time, but were up-regulated inten-
sively when the cells were transfected with 
TP53TG1 overexpression plasmid and reacted 
with PD-L1 antibody. As an important indicator 
to evaluate the immune function of the cells, 
IL-2 can potentiate the proliferation of T cells, 
the activity of NK cells and the killing effect of T 
cells [37]. IL-4 can promote the proliferation of 
activated T cells and the immune function of 
the body [38]. IL-10 exerts inhibiting effects on 
both immune cells and tumor cells [39-41]. 
IFN-γ is produced by activated T cells and natu-
ral killer cells, and can act as immune regulator 
owing to its antiviral activity [42]. These above 
results indicated that the overexpressed TP53- 
TG1 and PD-L1 antibody may promote the pro-
liferation of T cells by regulating the secretion 
of related cytokines, thus inhibiting the immune 
escape mediated by tumor cells.

CD8+ T cells and NK cells are the main anti-
tumor effector cells and play highly important 
roles in the anti-tumor immune response [43, 
44]. CD8+ T cells, which are cytotoxic T lympho-
cytes, can eliminate cancer cells through anti-
gen-specific killing effect. The activation of 
CD8+ T cells, together with the production, mat-
uration and differentiation of cytotoxic T cells, 
depends on the activation of CD4+ T cells and 
the release of IL-2 and other cytokines [45, 46]. 
NK cells, which can directly kill cancer cells 
through their cytotoxicity and promote the anti-
tumor immune response mediated by effector 
T cells, are the first-line defense for the anti-
tumor immune response of the body [47-49]. 
NK cells can secrete cytokines (such as TNF- 
β, IFN-γ, etc.), perforin and serine esterase, 
thereby playing immunomodulatory roles [50]. 
Notably, IFN-γ can activate the killing activity  
of NK cells, whereas IFN-γ and TNF-β can acti-
vate caspase-3 cascade reaction and induce 
apoptosis. It has been evidenced that PD-1/
PD-L1 pathway has inhibitory effects on the 
activation and proliferation of CD8+ T cells and 
CD4+ T cells, and thus tumor cells can escape 
from the killing effect of cytotoxic T cells [51, 
52]. In this study, we found that cytotoxicity of 
CD8+ T/NK cells to tumor cells was inhibited by 
siTP53TG, suggesting that the overexpression 
of PD-L1 could enhance the resistance of can-
cer cells to CD8+ T/NK cells, thereby promoting 
tumor progression. However, the cytotoxicity 
was more intense when PD-L1 expression was 
inhibited by overexpressed TP53TG and PD-L1 
antibody. Moreover, the expressions of IFN-γ, 
TNF-β and IL-10 in tumor tissues were inhibited 
by siTP53TG1, which were reversed by PD-L1 
antibody. The inhibition of PD-L1 expression 
could enhance the killing effect of cytotoxic T 
cells and NK cells to cancer cells, and improve 
cytokine secretion and the tumor cell apopto-
sis, thus inhibiting the immune escape of tumor 
cells.

CD4+ CD25+ Tregs can hinder tumor-specific 
immunity and cause tumor immune escape, 
playing vital roles in regulating immune 
response [53, 54]. Trafficking of Tregs provides 
a solid foundation for realization of immune 
function [55]. In this study, we found that the 
trafficking pattern of Tregs in the colon cancer 
mouse model was aggregated from peripheral 
blood to tumor tissues and spleen. The main 
molecules that affect the trafficking of Tregs to 
tumor sites are chemokines and their receptors 
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as well as some adhesion molecules [56, 57]. 
The increased expressions of CCL17 and 
CCL22 in tumor tissue can attract Tregs to 
gather into the tumor tissue, resulting in the 
immunosuppressive state of the tumor micro-
environment [58]. Lynda J. Hatam et al. have 
shown that CCL17 and CCL22 can recruit Tregs 
into the tissues in which CCL17 and CCL22 are 
expressed [59]. Herein, significant up-regula-
tion of CCL17 and CCL22 in tumor tissues was 
observed when TP53TG1 was lowly expressed, 
and obvious enrichment of Tregs was also 
found in tumor and spleen tissues. These 
results were in accordance with findings as pre-
viously reported [58, 59]. However, blocking 
the PD-1/PD-L1 pathway can cause the redis-
tribution of CD4+ CD25+ Tregs in the colon  
cancer model mice, as manifested by the 
increased proportion of Tregs in the peripheral 
blood and the decreased proportion of Tregs in 
the tumor and spleen tissues. At the same 
time, we observed that CCL17 and CCL22 
expressions were also decreased in tumor tis-
sues, revealing that chemokine expression 
reduction through inhibition of PD-L1 expres-
sion can affect the trafficking of Tregs, contrib-
uting to weakened immunosuppressive effects 
of tumor cells.

In conclusion, we find that PD-L1 is negatively 
correlated with TP53TG1. TP53TG1 inhibits the 
expression of PD-L1 by suppressing the activa-
tion of STAT pathway. On one hand, the inhibi-
tion of PD-L1 expression can promote the pro-
liferation of T lymphocytes and the secretion of 
cytokine, and enhance the cytotoxicity of CD8+ 
T cells and NK cells to cancer cells, thus inhibit-
ing the immune escape of tumor cells. On the 
other hand, the inhibition of PD-L1 expression 
could enhance the apoptosis of tumor cells 
while suppressing the migration of Tregs to 
tumor cells, thereby weakening the immuno-
suppressive effect of tumor cells, and ultimate-
ly restraining the development of colon cancer 
in mice.
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Supplementary Figure 1. PD-L1 antibody inhibited STAT activation by decreasing PD-L1 expression, while silencing 
TP53TG1 activated STAT pathway. A-E: The effects of α-PD-L1 and siTP53TG1 on STAT pathway were detected by 
Western blot. *P<0.05, **P<0.01 vs. Control; #P<0.05, ##P<0.01 vs. α-PD-L1; ^P<0.05, ^^P<0.01 vs. mock; ΔP<0.05, 
ΔΔP<0.01 vs. siTP53TG1.


