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Abstract. Activation of programmed cell death 1 
(PD-1)/PD-ligand 1 (PD-L1) can promote immune suppression 
of the tumor microenvironment. However, the effects and 
mechanisms of PD-L1 silencing on colorectal cancer growth 
are largely unknown. In the present study, PD-L1 expression 
was compared in colorectal cancer and paracancerous tissues 
by immunofluorescence. A stable colorectal carcinoma cell line 
encoding PD-L1 short hairpin RNA (shRNA) was established. 
Thereafter, inoculated tumors were modeled in C57B/L6 mice. 
Experiments were divided into 3 groups: Control group, vector 
group, and PD-L1 silencing group (inoculated with the stable 
CT26 cell line encoding PD-L1 shRNA). Following decapita-
tion of the mice, tumors were weighed and apoptosis of tumor 
cells was detected. The number and viability of cluster of 
differentiation (CD)4+ and CD8+ T cells were analyzed by 
flow cytometry and a cell counting kit assay, respectively. 
Compared with paracancerous tissue, colorectal cancer tissue 
extensively expressed PD-L1, RAC-α serine/threonine-protein 
kinase (AKT), and phosphatidylinositol 3-kinase (PI3K). 
Lymphocyte-activating gene 3 (LAG-3) expression was 
observed at the edge of tumor tissue, but rarely observed in 
paracancerous tissue. A stable CT26 cell line encoding PD-L1 
shRNA was established, and lack of PD-L1 expression was 
confirmed by reverse transcription‑polymerase chain reaction 
and western blotting. Compared with the control, the shPD-L1 
group demonstrated reduced tumor growth, a high level of 
apoptosis in tumor cells, a low level of PI3K and AKT expres-
sion, and an increased number of cells and greater activity of 
CD4+ T and CD8+ T cells. Taken together, PD-L1 silencing 
promoted tumor cell apoptosis, at least in part, through the 
activation of CD4+ and CD8+ T cells.

Introduction

Colorectal cancer is one of the most common types of tumors 
of the digestive tract and can seriously threaten human 
health (1). Early detection, diagnosis, and treatment may 
improve the long-term quality of life of colorectal cancer 
patients. Considerable progress has been made in the field of 
early diagnosis, however comprehensive treatment, metastasis, 
and recurrence of cancer are still the most important factors 
that affect prognosis (2). Therefore, potential diagnostic 
markers and therapeutic targets are still urgently required.

Lymphocyte activating gene 3 (LAG-3) is a member of 
the immunoglobulin superfamily and has been shown to be 
a specific marker of T helper (TH) cells (3). As a negative 
costimulatory molecule, activation of LAG-3 can negatively 
regulate the function of lymphocytes and inhibit the function 
and life cycle of immune cells (4). Interestingly, LAG-3-positive 
tumor‑infiltrating lymphocytes are thought to be an indepen-
dent positive prognostic factor of non-small-cell lung cancer (5) 
and estrogen receptor-negative breast cancers (6). LAG-3 
selectively increases cluster of differentiation (CD)4 on the 
Treg surface, while LAG-3 antibody can reduce Treg activity 
in vivo. Inhibition or knockout of LAG-3 relieves the inhibi-
tory effect of Treg on T cells. Programmed cell death 1 (PD-1)/ 
PD-ligand 1 (PD-L1) is another tumor checkpoint, and PD-1/ 
PD-L1 activation can promote immune suppression of the 
tumor microenvironment, causing tumor cells to escape from 
immune surveillance and destruction (7). Correspondingly, 
blocking the PD-1/PD-L1 signaling pathway can reverse 
the suppression of the tumor immune microenvironment 
and enhance anti-tumor activity of the endogenous immune 
system (8-10). PD-L1 binds to PD-1 on the surface of T cells 
to inhibit the destructive effect of T cells on tumor cells (11). 
Reducing PD-L1 plays an important role in promoting the 
tumor immune response and overcoming immune escape (12). 
However, the effects of PD-L1 silencing on the immune system 
in colorectal cancer have not been reported.

LAG-3-positive tumor-infiltrating lymphocytes are 
thought to be an independent positive prognostic factor 
for cancers (5), while PD-L1 plays an important role in 
promoting the tumor immune response (12). Based upon 
previous publications (13), the phosphatidylinositol 3-kinase 
(PI3K)/RAC-α serine/threonine-protein kinase (AKT) 
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pathway is a cell survival pathway, supporting the develop-
ment of tumors (14,15). However, a link between PD-L1, 
LAG-3 and the PI3K/AKT pathway in colorectal cancer has 
not been established. In the present study, the expression 
levels of PD-L1, LAG-3, and the PI3K/AKT proteins of the 
signaling pathway were compared between colorectal cancer 
and paracancerous tissues. Thereafter, PD-L1 was silenced to 
investigate its effect on the tumor growth of colorectal cancer, 
and to assess the mechanisms involved. Importantly, LAG-3 
activity was blocked using a specific LAG‑3 antibody to verify 
the checkpoint of PD-L1 in colorectal cancer. The present 
study provides an experimental basis for the use of PD-L1 
inhibition in treating colorectal cancer.

Materials and methods

Clinical samples. Ethical approval for the present study was 
obtained from the committee of Fujian Medical University 
Union Hospital (Fuzhou, China) and informed consent was 
obtained from the patients. Colorectal cancer and paracan-
cerous tissues were collected from ten colorectal cancer 
patients (male/female: 7/3) who were diagnosed and received 
surgery treatment in the present hospital from October 2016 
to December 2016. These patients had not received any 
chemotherapy or radiotherapy. Tissues were fixed in 4% 
paraformaldehyde for 24 h at 4˚C for immunofluorescence and 
immunohistochemistry experiments.

Establishment of tumor models. A total of 21 female C57B/L6 
(6-week-old, 20±2 g) mice were purchased from Hunan SLAC 
Experimental Animal Co. Ltd. (Shanghai, China; SCXK 
2016‑0002) and housed in a specific pathogen‑free environ-
ment that was automatically maintained at a temperature of 
23±2˚C, a relative humidity of 45‑65%, and with a controlled 
12 h light/dark cycle. The animals had free to access food and 
water. All animal experiments were approved by the Ethics 
Committee of Fujian Medical University Union Hospital.

The C57B/L6 mice were randomly divided into 3 groups 
(n=7 in each group): control, vector control group, and 
PD-L1 silenced with short hairpin RNA (shPD-L1) group. 
CT26 cells were purchased from the Shanghai Cell Bank of 
Chinese Academy of Science (Shanghai, China) and cultured 
in Dulbecco's Modified Eagle's Medium (DMEM; Thermo 
Fisher, Scientific, Inc., Waltham, MA, USA) supplemented 
with 10% fetal bovine serum (FBS; Hyclone; GE Healthcare 
Life Sciences, Logan, UT, USA) at 37˚C in an environment 
containing 5% CO2. Cells at 70% confluence were transfected 
with empty vector (1 µg) or PD-L1 shRNA (1 µg) (both were 
obtained from Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) using Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.). A total of 24 h after transfection, the cells 
were used in the following injection. In the control group, 
CT26 cells in the logarithmic growth phase (1x107) were 
diluted in 0.2 ml PBS and administered through subcutaneous 
injection into the C57B/L6 mice. In the vector control group, 
CT26 cells transfected with control vector were diluted in 
0.2 ml PBS and injected into the C57B/L6 mice. In the PD-L1 
silenced group, CT26 cells transfected with viral PD-L1 
shRNA were diluted in 0.2 ml PBS and injected into the 
C57B/L6 mice.

General conditions of the mice were monitored daily and 
the tumor size was measured every 2 days. At 7 days after 
injection of tumor cells, LAG-3 antibody (cat. no. ab213524; 
Abcam, Cambridge, MA, USA) was injected every 3 days 
via intraperitoneal injection (10 mg/kg). At the 14th day after 
tumor cell injection, mice were decapitated following anes-
thesia (5% isoflurane), and whole tumors were removed. Tumor 
specimens were fixed in 4% paraformaldehyde (pH 7.4) at 4˚C 
overnight and then embedded in paraffin for tissue sectioning.

Immunohistochemistry. Tumor tissues and paracancerous 
tissues were fixed in 4% paraformaldehyde for ~1 week at 4˚C. 
Tissues were then dehydrated, embedded, and sliced (2 µm). 
Thereafter, paraffin sections were dewaxed and hydrated in 
70, 75, 80, 85 and 95% alcohol. Staining was performed using 
monoclonal antibodies against PD-L1 (1:100; cat. no. ab199380; 
Abcam), LAG-3 (1:100; cat. no. bs-2646R; BIOSS, Beijing, 
China), AKT (1:100; cat. no. bs-0115R; BIOSS), and PI3K 
(1:100; cat. no. ab191606; Abcam). Endogenous peroxidase 
activity was blocked with 3% (v/v) H2O2 for 5 min at room 
temperature. Subsequently, slides were incubated with primary 
antibodies overnight at 4˚C, followed by incubation with 
horseradish peroxidase-labeled goat anti-rabbit IgG secondary 
antibody (1:10,000; cat. no. A16104SAMPLE; Thermo Fisher 
Scientific, Inc.), Alexa Fluor 593 goat anti‑mouse IgG (1:100; 
cat. no. CW0159S; CW Biotech, Beijing, China), or Alexa 
Fluor 488 goat anti-rabbit IgG (1:100; cat. no. CW0114S; 
CWBIO, Beijing, China) for 30 min at room temperature. 
The fluorescence intensity was analyzed by ImageProPlus 
software 6.0 (National Institutes of Health, Bethesda, MD, 
USA). Immunohistochemical staining was visualized with 
3,3'-diaminobenzidine chromogen for 3 min at room tempera-
ture. The nucleus was counterstained by hematoxylin at room 
temperature for 3 min. Both images obtained from immuno-
histochemistry and immunofluorescence were obtained using 
a microscope (CX41; Olympus Corporation, Tokyo, Japan). 
The grey density was calculated by ImageProPlus software.

Hematoxylin and eosin (H&E) staining. Tissues were rinsed 
and then dehydrated, embedded, and sliced. Paraffin sections 
were dewaxed and hydrated. Sections were stained with 
hematoxylin solution for 5 min and with eosin for 3 min at room 
temperature. Images were obtained using light microscopy.

Terminal deoxynucleotidyl transferase (TdT)‑mediated 
dUTP nick end labeling (TUNEL) assay. A TUNEL assay 
was carried out in the paraffin‑embedded tissues. Samples 
were sectioned into 2-µm slices, dewaxed in ethanol (75, 
80, 95 and 100%), and washed with PBS (3 times for 5 min 
each). Fresh proteinase K was prepared (2 µl proteinase K in 
98 µl PBS) and applied to cover the tissues (100 µl) at 37˚C 
for 30 min. Finally, TdT (2 µl) and fluorescent reagent (48 µl) 
were mixed and applied to stain the tissue at 37˚C for 60 min 
(cat. no. C1088; Beyotime Institute of Biotechnology, Haimen, 
China). After washing, slides were covered with anti-fading 
reagent and observed at least five fields under a fluorescence 
microscope.

Flow cytometry. Tumor tissues were ground and passed through 
a 200‑mesh. Following centrifugation (4˚C, 400 x g, 3 min), cells 
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were collected. Antibodies against CD4‑fluorescein isothiocy-
anate (1:400; cat. no. 561833; BD Biosciences, Franklin Lakes, 
NJ, USA) and CD8-phycoerythrin (1:400; cat. no. 561949; 
BD Biosciences) were added to each tube. After incubation at 

room temperature for 10 min in the dark, cells were detected 
by flow cytometer (NovoCyte 2060R; ACEA Biosciences, 
Inc., Hangzhou, China) and data were analyzed by FlowJo 10 
(FlowJo, LLC., Portland, OR, USA).

Table I. Primer sequences for the target genes.

Genes Primer sequences (5'‑3') Primer length (bp) Product length (bp) Annealing temperature (˚C)

PD-L1   111 57
  F CCATCTTATTATGCCTTGGTGTAG 24
  R TTTGCTTCTTTGAGTTTGTATCTTG 25
PI3K   140 54
  F CCAACACCTTCATCATCC 18
  R CTCCTCCTCCTGCTTCTT 18
AKT   231 58.7
  F TGTGATCTTAATGTGCCCGTC 21
  R TACTCTTTCCAGACCCACGAC 21
GAPDH   100 58.6
  F GAAGGTCGGAGTCAACGGAT 20
  R CCTGGAAGATGGTGATGGG 19

PD-L1, programmed cell death ligand 1; AKT1, RAC-α serine/threonine-protein kinase 1; PI3K, phosphatidylinositol 3-kinase; F, forward; 
R, reverse.

Figure 1. PD-L1 expression is increased in cancer tissue. (A) Representative images of PD-L1 and LAG-3 expression. Green color represents PD-L1 expression, 
while red color represents LAG‑3 expression. Scale bar, 100 µm. Arrows indicate the positive staining. (B) Quantification data of PD‑L1 expression showing 
that PD‑L1 expression in the carcinoma tissue was significantly increased compared with paracancerous tissue. (C) Quantification data of LAG‑3 expression 
showing that LAG‑3 expression in the carcinoma tissue was significantly increased compared with paracancerous tissue. *P<0.05 vs. paracancerous tissue. 
(Paired Student's t-test). PD-L1, programmed cell death ligand 1; LAG3, lymphocyte-activating gene 3.
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Cell Counting Kit (CCK)‑8 assay. The CD4+ and CD8+ 
T cells in the tumor tissues were sorted using a flow sorting 
apparatus, and then placed on a 96-well plate and cultured 
for 24 h. 10 µl CCK‑8 (Gibco; Thermo Fisher Scientific, Inc.) 
was added to each well. After an additional incubation for 
4 h in a CO2 incubator at 37˚C, the absorbance was detected 
by a microplate reader (Thermo Fisher Scientific, Inc.) at a 
wavelength of 490 nm. Cell viability was defined by optical 
density (OD) values.

Reverse transcription‑polymerase chain reaction (RT‑PCR). 
Following the various treatments, total RNA was extracted 
using TRIzol® (Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. mRNA purity was confirmed by 
OD280/OD260 using a spectrophotometer and amplified by 
a one-step RT-PCR kit (cat. no. DRR046A; Takara Bio, Inc., 

Otsu, Japan). The primers were added into a 25-µl PCR reac-
tion system following a protocol of 94˚C denaturation 45 sec, 
56˚C annealing 45 sec, and 72˚C extension 60 sec for 40 cycles. 
Primers are listed in Table I.

Western blotting. Following treatments, protein was 
extracted using a protein isolation kit (cat. no. 28-9425-44, 
ReadyPrep; GE Healthcare Life Sciences) (containing 
phenylmethane sulfonyl fluoride), as previously described (16). 
Protein samples were heated at 100˚C for 10 min, and the protein 
concentration was quantified using a bicinchoninic acid assay 
kit (Beyotime Institute of Biotechnology). Proteins (25 µg/well) 
were separated by SDS-PAGE (12% gel), and protein was 
then transferred onto a nitrocellulose membrane. Membrane 
was blocked with 5% nonfat milk in phosphate-buffered 
saline with Tween-20 at room temperature for 2 h. Primary 

Figure 2. AKT1 and PI3K expression is increased in cancer tissue. (A) Representative images of AKT1 and PI3K expression. Scale bar, 100 µm. (B) Quantification 
data of AKT and PI3K expression showing that AKT and PI3K expression in carcinoma tissues was significantly increased compared with paracancerous 
tissue. *P<0.05 vs. paracancerous tissue. (Paired Student's t-test). AKT1, RAC-α serine/threonine-protein kinase 1; PI3K, phosphatidylinositol 3-kinase.
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antibodies against, PD-L1 (1:1,000; cat. no. ab199380; 
Abcam), AKT (1:1,000; cat. no. bs-0115R; BIOSS), PI3K 
(1:1,000; cat. no. ab191606; Abcam) and GAPDH (1:1,000; 
cat. no. ab24071; Abcam) were incubated with membranes 
overnight at 4˚C. After washing (3 times for 10 min each), 
membranes were incubated with the goat Anti-Rabbit IgG 
H&L (HRP) (1:10,000; cat. no. ab131368; Abcam) for 2 h at 
room temperature. Chemiluminescent substrate detection 
reagent (cat. no. RPN2133; GE Healthcare Life Sciences) was 
applied to reveal the signals. Target bands were analyzed by 
ImageJ software for grayscale analysis.

Statistical analysis. Data were expressed as mean and 
standard deviation (n=7 in each group) and analyzed using 
SPSS software, version 19.0 (IBM SPSS, Armonk, NY, USA). 
Statistical significance was assessed using a paired Student's 
t-test (parametric) or one-way analysis of variance with 
Newman-Keuls as the post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression of PD‑L1 and LAG‑3 is increased in cancerous 
tissue compared with paracancerous tissue. PD-L1 expression 
was extensively observed in cancer tissues (Fig. 1A). LAG-3 
expression was observed at the edge of tumors. Conversely, 
very little PD-L1 expression was observed in paracancerous 
tissues. LAG-3 expression was not observed in paracancerous 
tissues. Quantitative results demonstrated that the expres-
sion of PD-L1 and LAG-3 in the carcinoma tissue was 
significantly increased compared with in the paracancerous 
tissue (P<0.05; Fig. 1B and C).

Expression of PI3K and AKT is increased in cancer tissue 
compared with paracancerous tissue. The present study 
detected the expression levels of AKT and PI3K in carci-
noma tissue. Expression of AKT and PI3K was extensively 
observed in cancer tissues, but rarely observed in para-
cancerous tissue (Fig. 2A). Quantitative results showed 
that the expression of AKT and PI3K in carcinoma tissues 
was significantly increased compared with paracancerous 
tissue (P<0.05; Fig. 2B).

PD‑L1 silencing reduces tumor growth. Based upon the 
aforementioned results, the present study designed experi-
ments to inhibit PD-L1 by shRNA. In addition, to avoid the 
effect of LAG-3, its activity was blocked by using an LAG-3 
antibody in all the groups. PD‑L1 expression was significantly 
reduced following transfection with shRNA PD-L1 (P<0.05; 
Fig. 3). The established cell lines were injected into C57B/L6 
mice, and tumor growth was evaluated. PD-L1 and LAG-3 
expression was also detected in tumor tissues (Fig. 4A). 
PD‑L1 expression was significantly reduced in the PD‑L1 
silenced group, compared with the control group (P<0.05; 
Fig. 4B), whereas LAG-3 expression in the 3 groups was 
comparable (Fig. 4C).

Tumors weighed less in the PD-L1 silenced group, compared 
with the control group (P<0.05; Fig. 5A and B). Tumor growth 
was significantly inhibited in the PD-L1 silenced group, 
compared with the control group (P<0.05; Fig. 5C).

Tumor cells in the PD-L1 silenced group had a loose 
arrangement and were inactive in cell growth (Fig. 6). In 
control groups, tumor cells were tightly arranged, and the size 
was relatively uniform.

The present study also detected the apoptosis of tumor cells. 
Apoptosis was increased in the shPD-L1 group compared with 
control groups (P<0.05; Fig. 7).

PD‑L1 silencing promotes CD8+ and CD4+ T cells in tumor 
tissue. Flow cytometry was used to detect the expression 
of CD8+ and CD4+ T cells in tumor tissue. Results showed 
that PD-L1 silencing increased the number of CD4+ 
T cells and CD8+ T cells in the tumor, compared with 
controls (P<0.05; Fig. 8).

The CCK-8 assay also showed that cell viability of CD8+ 
and CD4+ T cells was significantly increased in the PD‑L1 
silenced group compared with controls (P<0.05; Fig. 9).

PD‑L1 silencing reduced PI3K and AKT expression in 
tumor tissue. Expression of PD-L1, PI3K, and AKT in 

Figure 3. PD-L1 expression is reduced in CT26 cells by lenti-viral expression 
of PD-L1 shRNA. (A) Representative blot of PD-L1 protein expression levels. 
(B) mRNA expression of PD‑L1 was significantly reduced after transfection 
with shRNA PD-L1. (C) Protein expression of PD-L1 was significantly 
reduced after transfection with shRNA PD-L1. *P<0.05 vs. control. (One-way 
analysis of variance with Newman-Keuls). Sh, short hairpin; PD-L1, 
programmed cell death ligand 1.
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Figure 4. PD‑L1 expression is reduced in the inoculated tumors. (A) Representative images of PD‑L1 and LAG‑3 expression. Scale bar, 100 µm. (B) Quantification 
data of PD‑L1 expression showing that PD‑L1 expression was significantly reduced after transfection with shRNA PD‑L1. (C) Quantification data of LAG‑3 
expression showing that LAG-3 expression was comparable in each group. *P<0.05 vs. control. (One-way analysis of variance with Newman-Keuls). PD-L1, 
programmed cell death ligand 1; LAG3, lymphocyte-activating gene 3.

Figure 5. PD-L1 silencing reduces tumor growth. (A) Representative images of tumors obtained at the 14th day after tumor cell inoculation. (B) Tumors 
weighed less in the PD‑L1 silenced group compared with the control group. (C) Tumor growth was significantly inhibited in the PD‑L1 silenced group as 
evidenced by the tumor volume. *P<0.05 vs. control. (One-way analysis of variance with Newman-Keuls). Sh, short hairpin; PD-L1, programmed cell death 
ligand 1.
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Figure 6. Hematoxylin and eosin staining. Tumor cells in the shPD-L1 group were loosely arranged and inactive in cell growth (shown by arrows). In control 
groups, tumor cells were tightly arranged, and the size was relatively uniform. Magnification, x200. Sh, short hairpin; PD‑L1, programmed cell death ligand 1.

Figure 7. PD-L1 silencing promotes tumor cell apoptosis. (A) Representative images of TUNEL assay; (B) Quantification data showing that increased 
apoptosis was observed in the sh-PD-L1 group compared with control group. Scale bar, 100 µm. *P<0.05 vs. control. (One-way analysis of variance with 
Newman-Keuls). Sh, short hairpin; PD-L1, programmed cell death ligand 1; TUNEL, Terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick 
end labeling.
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tumor tissues of each group is shown in Fig. 10. Compared 
with the control group, the expression of PD-L1, PI3K, 

and AKT in the PD‑L1 silenced group was significantly 
decreased (P<0.05).

Figure 8. PD-L1 silencing increases the numbers of CD8+ and CD4+ T cells. Upper panel: Representative images of flow cytometry; lower panel: Quantification 
data showing that PD-L1 silencing increased the numbers of CD4+ T cells and CD8+ T cells in the tumors, compared with controls. *P<0.05 vs. control. 
(One-way analysis of variance with Newman-Keuls). Sh, short hairpin; PD-L1, programmed cell death ligand 1; CD, cluster of differentiation.

Figure 9. PD-L1 silencing promotes cell activity of CD8+ and CD4+ T cells. (A) CD4+ T cells. (B) CD8+ T cells. *P<0.05 vs. control. Sh, short hairpin; PD-L1, 
programmed cell death ligand 1; CD, cluster of differentiation.
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Discussion

Colorectal cancer seriously threatens human health, although 
great progress has been made in its treatment. Metastasis and 
recurrence of colorectal cancer are still the primary causes 
of poor prognosis. As reported, colorectal cancer is an evolu-
tionary process involving multiple genes and multi-stages, 
particularly oncogene activation and tumor suppressor gene 
inactivation (17). PD-L1 is highly expressed in many malignant 
tumors (18,19). Studies have shown that PD-L1 may be regu-
lated by oncogenes and various signaling pathways (20-23). 
High expression of PD-L1 can reduce the immune effect of 
T cells in the local microenvironment of the tumor, thus facili-
tating tumor escape and promoting tumor growth (24,25). 
LAG-3 is a super immunoglobulin IgG family member (26), 
which has a similar structure to CD4, and can combine with 

major histocompatibility complex (MHC) class II molecules. 
In the present study, it was observed that PD-L1 was highly 
expressed in colorectal cancer tissue, while LAG-3 was mainly 
expressed at the edge of tumor tissues. These results suggested 
that LAG-3 is expressed on tumor-infiltrating lymph node 
cells but not in colorectal cancer cells. Therefore, the immu-
noregulation of PD-L1 in colorectal cancer was investigated 
by blocking LAG-3 activity.

The PI3K/AKT signaling pathway is one of the most 
important cell survival pathways, and is closely associated 
with various malignant biological activities (27). Activation 
of PI3K can regulate the growth of tumor cells and prevent 
apoptosis (28) by activating a variety of downstream signals, 
including AKT, also known as PKB (protein kinase B), a 
serine/threonine kinase (13). AKT plays a key role in protein 
synthesis, cell metabolism, cell growth and proliferation, and 
angiogenesis (29,30). It has previously been demonstrated that 
PI3K/AKT signaling pathway can affect cell apoptosis through 
a variety of mechanisms, including promoting P53 nucleus 
translocation (28,31). In addition, PI3K/AKT can also modu-
late B cell lymphoma-2 associated agonist of cell death (Bad) 
activity, cause phosphorylation of caspase-9, block P53, and 
release apoptosis factors into the mitochondria (32). These 
mechanisms work together to block the process of programmed 
cell death, thus protecting the cells from apoptosis, promoting 
cell survival, and leading to the proliferation of tumor 
cells (33). The present study demonstrated that expression of 
PI3K and AKT in cancer tissues was significantly increased 
compared with paracancerous tissues, indicating that PI3K 
and AKT were activated in colorectal cancer tissues, and the 
expression levels of PI3K and AKT could reflect the growth 
and proliferation of tumor cells.

In the present study, a lentivirus encoding PD-L1 shRNA 
was used to transfect the CT26 cell line. PD-L1 expression 
significantly decreased following transfection in CT26 cells, 
which indicated the efficacy of the silencing, ensuring their 
suitable use in subsequent experiments. LAG-3 is expressed 
in a variety of immune types, and is mainly expressed on 
activated T cells and natural killer cells. LAG-3 has also 
been observed in activated B cells, CD4+ and CD8+ T cells 
activated by tumor tissue (34). LAG-3 plays an important 
immunomodulatory role in the occurrence and development 
of tumors, indicating that the growth of tumor cells is associ-
ated with an abnormal immune state (34). In the present study, 
the LAG-3 antibody was used to block the effect of LAG-3 
on tumor growth. Thereafter, the effects of PD-L1 were 
compared in different groups. It was revealed that the weight 
of tumors was significantly decreased after blocking PD‑L1, 
and tumor volume also decreased significantly; furthermore, 
the apoptosis of tumor cells increased, and the number and 
activity of CD4+ and CD8+ cells were also promoted after 
PD-L1 silencing. This may indicate that inhibition of PD-L1 
affects the immune system and produces a large number of 
immune cells that destroy the tumor cells.

In order to demonstrate that the PI3K/AKT signaling 
pathway plays a regulatory role in tumor apoptosis, animal 
experiments were used to detect the effects of blocking PD-L1 
on the PI3K/AKT signaling pathway. It was demonstrated that 
PD-L1 silencing inhibited PI3K and AKT expression in tumor 
cells. These results indicated that blocking PD-L1 enhanced 

Figure 10. PD-L1 silencing reduces PI3K and AKT expression in tumor cells. 
(A) Representative blots of PD-L1, PI3K, and AKT. (B) mRNA expression 
of PD-L1, PI3K, and AKT. (C) Protein level of PD-L1, PI3K, and AKT 
showing that expression of PD-L1, PI3K, and AKT in the PD-L1 silenced 
group decreased. *P<0.05 vs. control. (One-way analysis of variance with 
Newman-Keuls). Sh, short hairpin; PD-L1, programmed cell death ligand 1; 
AKT1, RAC-α serine/threonine-protein kinase 1; PI3K, phosphatidylino-
sitol 3-kinase.
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the activity of T cells that destroy tumor cells, in a PI3K/AKT 
signaling-mediated manner, thereby inducing the apoptosis of 
tumor cells. Nevertheless, the potential oncogenes and tumor 
suppressor genes, such as P53, cyclin D1, and Bad should be 
investigated to confirm these effects. In addition, apoptosis‑asso-
ciated gene expression involved in both mitochondria-dependent 
and ‑independent signaling pathways still requires clarification.

In conclusion, blocking PD-L1 can inhibit tumor growth 
by activating CD4+ and CD8+ T cells, involved in the immune 
response. These data reveal critical immunomodulatory anti-
cancer mechanisms.
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