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Background:Colon cancer is a common digestive tractmalignancywhich ranks as the third leading

cause of cancer death worldwide. A current focus of anti-cancer research is harnessing the patient’s

own immune system for therapy. Programmed cell death protein 1 (PD-1), an immune suppressor, is

upregulated in various activated immune cells, such as T cells, and in viral infections and tumors.

Purpose: The objective of this study was to investigate the function of PD-1 inhibitor on the

metastasisi of mouse colon cancer cells.

Patients andmethods: In the present study, we established an in situ colon cancer mouse model

using the CT26 cell line. Hematoxylin-eosin (HE) staining was performed to detect colon cancer cell

metastasis. The levels of interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and interleukin-12

(IL-12) in serum and mesenteric lymph nodes (MLNs) were detected by Enzyme-linked immuno-

sorbent assay (ELISA). CD44high CD62Llow memory T cells, CD4+ FoxP3+ regulatory T cells, and

IFN-γ and TNF-α levels in MLNs and spleen were detected by flow cytometry (FCM).

Results: We found that anti-PD-1 therapy inhibited colon cancer cells metastasis to the small

intestine, liver, and lung, and lengthened the survival time of mice. However, the depletion of

CD8 suppressed the activity of anti-PD-1 antibodies. In response to anti-PD-1 immunotherapy, the

levels of interferon-γ (IFN-γ), tumor necrosis factor-α (TNF-α), and interleukin-12 (IL-12) in serum

andmesenteric lymph nodes (MLNs) were significantly increased, while IL-6, IL-17, and transform-

ing growth factor-β (TGF-β) were decreased. CD8 depletion had the opposite effect. In addition, anti-

PD-1 treatment significantly increased CD44high CD62Llow memory T cells, decreased CD4+

FoxP3+ regulatory T cells, and increased IFN-γ and TNF-α levels in MLNs and spleen.

Furthermore, anti-PD-1 treatment cannot exert these roles when CD8 is depleted.

Conclusion: These results suggest that PD-1 inhibitors rely on CD8+ T cells to exert anti-

tumor immunity in colon cancer.

Keywords: programmed death 1 (PD-1), CD8 depletion, metastasis, IFN-γ, TNF-α, colon cancer

Introduction
Colon cancer is a common digestive tract malignancy and ranks as the third leading cause

of cancer death worldwide.1,2 The highest incidence of colon cancer is in patients 40–50

years of age,withmales 2–323 times as likely as females to be diagnosed.1Over onemillion

new colon cancer cases are diagnosed each year, with approximately 600,000 patients

dying of colon cancer.1 InChina, especially in underdeveloped areas, the incidence of colon

cancer is rapidly increasing, dictating a strong need for effective treatment regiments.3

The primary treatment for colon cancer is surgery supplemented by chemother-

apy, immunotherapy, and traditional Chinese medicine.4–6 Despite continued

advances in therapy, colon cancer remains a huge threat due to its high rates of

recurrence and metastasis. Many anti-cancer immunotherapies are currently being
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investigated, but tumors escape from the host immune

response remain a major obstacle to this treatment

modality.7,8

Antagonist antibodies to programmed cell death protein-1

(PD-1)/programmed cell death protein ligand-1 (PD-L1) sig-

naling are currently used in the treatment of some human

cancers.13 PD-1, an immune suppressor, is activated by bind-

ing to its ligand PD-L1. Previous studies have reported upre-

gulation of PD-1 expression in various activated immune cells

in response to viral infections and tumors.9,10 PD-1/PD-L1

signaling can antagonize tumors via down-modulating natural

killer (NK)-cells cytotoxicity.11,12 Interruption of PD-1/PD-L1

signaling leads to improved clinical responses in several

cancers.13–16 PD-1 regulates anti-tumor immune responses

and is significantly lower in the PD-L1-positive tumor regions

of non-small cell lung cancer.17

Numerous studies have shown the prognostic value of

lymphocyte infiltration in colon cancer. In particular, infil-

trating CD8+ cytotoxic T cells contribute to improved

survival rates.18–22 These cells can directly bind to antigen

through major histocompatibility complex (MHC)-I and

have the function of killing target cells. Targeted therapy

of PD-1 in human ovarian cancer has been shown to

improve the anti-tumor function of NY-ESO-1-specific

CD8+ T cells.23 However, the role of PD-1 in CD8-related

colon cancer cell metastasis is less well understood.

Multiple apoptotic signaling pathways, such as pathways

mediated by interferon-γ (IFN-γ), tumor necrosis factor-α
(TNF-α), and transforming growth factor-β (TGF-β), partici-
pate in cancer progression, which are important to understand-

ing the role of PD-1 andCD8 in colon cancermetastasis. IFN-γ,
a potent immunomodulatory cytokine, is secreted by adaptive

and innate immune cells, such as T-cells and NK cells.24 IFN-γ
can regulate a variety of effects including anti-proliferative,

anti-cancer, and adaptive immune responses, and it is reported

to induce apoptosis and suppress the progression of the cell

cycle.24,25 TNF-α is a major pro-inflammatory cytokine mainly
secreted by macrophages and tumor cells, and it regulates cell

apoptosis and survival in cancer.26,27 TGF-β signaling regulates
various cellular responses and plays a critical role in the devel-

opment and carcinogenesis.28,29 Interleukins (IL) mediate the

interaction between leukocytes or immune cells and play

important roles in transmitting information, activating and reg-

ulating immune cells, mediating the activation of T or B cells,

proliferation and differentiation, and also inflammatory

responses.30–32

In this study, we established an in situ colon cancer mouse

model using the CT26 cell line. We found that anti-PD-1

therapy inhibited colon cancer cells metastasis to in the small

intestine, liver, and lung. This lengthened the survival time of

mice and changed the levels of tumor immunity-associated

cytokines in serum and mesenteric lymph nodes (MLNs). In

addition, after anti-PD-1 treatment, increased CD44high

CD62Llow memory Tcells, decreased CD4+ FoxP3+ regulatory

Tcells, and increased IFN-γ and TNF-α levels were observed in
MLNs and spleen. Furthermore, anti-PD-1 treatment cannot

exert these effects when CD8 is depleted. These results suggest

that PD-1 inhibitors rely on CD8+ T-cells to exert anti-tumor

immunity in colon cancer.

Materials and methods
Model establishment
Mouse colon cancer cell line CT26, purchased from the Type

Culture Collection of the Chinese Academy of Science

(Shanghai, China), was used to establish an in situ colon cancer

mouse model using 48 6- to 8-week-old female BALB/c mice.

The mice were fasted for 8 hrs before operating and then

anesthetized with 0.5% sodium pentobarbital (intraperitoneal

injection, 35–50 mg/kg). After routine disinfection of the skin,

an incision of about 1 cmwas cut in the right lower abdomen of

the mouse and the abdominal wall muscle was separated from

the peritoneum. The peritoneum was lifted using ophthalmic

forceps, cut by an ophthalmic scissor, and themouse cecumwas

isolated using ophthalmic forceps. Matrigel gel was mixed with

the donor cell suspension (5×107/mL) at 1:1 (20 μL) and inocu-
lated into the serosal layer of themouse colon.After inoculation,

the colon of the mouse was returned to the enterocoelia.

Subsequently, the peritoneum, abdominal muscles, and skin

were sutured layer by layer, followed by skin disinfection with

75% alcohol. After the operation, no active bleeding was

observed, and the mice were observed until they were comple-

tely awake. The entire surgical procedure was completed within

2 hrs of preparing the single cell suspension. After surgery, no

infection or death occurred in the mice, and obvious tumor

metastasis occurred only in the model group. The experiments

conducted in this study were approved by the Animal Ethics

Committee of Yunnan Cancer Hospital (Kunming, Yunnan,

China) and followed the Laboratory Animal Management and

Welfare.

Experimental grouping
After 1 week, 36 mice were injected with 250 μg of CD8-

depleting antibodies (Clone 53.6.7, BioXcell, West Lebanon,

NewHampshire, USA) through tail veins once a day for 2 days.

After that, 24 mice were received with 10 mg/kg anti-mouse
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PD-1 antibody (RMP1–14, rat IgG2b, BioXcell) by tail vein

injections once every 2 days for 30 days. During this period,

CD8-depleting antibodies were injected once on the 5th and 8th

days, and then every 7 days until the mouse died or the experi-

ment ended. The remaining in situ colon cancer mice were

injectedwith equal PBS through tail veins and used as a control.

All mice were divided into four groups as follows: tumor (con-

trol, n=12), tumor+CD8-depleting antibodies (n=12), tumor

+CD8-depleting antibodies+anti-mouse PD-1 antibody (n=12),

and tumor+anti-mouse PD-1 antibody (n=12).

Preparation of MLNs and lymphocytes

from MLNs
Mice were injected intraperitoneally with 5 mL serum-free

RPMI-1640 medium. After gently pressing the abdomen of

the mice, the liquid in the abdominal cavity was aspirated and

centrifuged for 5 mins at 1,500 r/min. The supernatant of the

liquid was used for the subsequent ELISA assay. Next, the cell

pellet was resuspended with 1 mL serum-free RPMI-1640

medium. Four milliliters of mouse lymphocyte separation solu-

tion (Catalog no. P9000, Solarbio) was added to a 15-mL

centrifuge tube and then 1 mL of cell suspension was added

to the lymphocyte separation solution. After centrifugation at

1,500 rpm for 5mins in a horizontal centrifuge, the second layer

of gray-white cells of the stratified liquid was taken and washed

twice with PBS for flow detection.

Preparation of lymphocytes from spleen
After cervical dislocation, the mice were soaked in 75%

ethyl alcohol. Under aseptic conditions, the spleen of the

mouse was taken out and fascia removed. The cleaned

spleen was placed in Hanks’ solution in a 2-mL centrifuge

tube and chopped. A 200-mesh nylon mesh was placed on

a six-well plate and ground with a syringe head, and

Hanks’ solution was continuously added during the pro-

cess. The spleen cell suspension was collected and centri-

fuged at 1,500 rpm for 10 mins, and the cells were

resuspended in 5 mL of serum-free RPMI1640 medium.

A total of 4 ml of mouse lymphocyte separation solution

(Catalog no. P9000, Solarbio) was added to a 15-mL

centrifuge tube and then 1 mL of cell suspension was

added to the lymphocyte separation solution. After
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Figure 1 PD-1 expression was significantly elevated in CD8+ cells in the colon cancer mouse model. After establishment of colon cancer in mice, CD8+ cells in MLNs and

spleen were isolated from control and tumor mice. Percentages of PD-1+ cells were analyzed by FCM. ***P<0.001 as compared to control.
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centrifugation at 1,500 rpm for 5 mins in a horizontal

centrifuge, the second layer of gray-white cells of the

stratified liquid was taken and washed twice with PBS

for flow detection.

Hematoxylin–eosin (HE) staining
Six mice in each group were treated continuously in the

above manner until the mice died, and the liver, lung, and

intestines were collected. After embedding and fixing, the

tissues were cut into 4–7 µm sections, which were then

baked for 30 mins in an oven at 65°C. Later, the sections

were immersed in xylene I and xylene II (Shanghai

Sinopharm) for 15 mins, sequentially immersed in 100%,

95%, 85%, and 75% ethanol for 5 mins, and rinsed for 10

mins with tap water. Thereafter, the sections were stained

in hematoxylin solution for 5 mins, followed by color

separation for several seconds in ammonia water.

Following 15 mins of rinsing with running water, the

sections were dehydrated for 10 mins sequentially in

70% and 90% alcohol, and then stained in eosin solution

for 1–2 mins, followed by alcohol dehydration. The tissue

sections were imaged on a microscope (ECLIPSE Ni,

NIKON) and then analyzed using IMS image analysis

system (DS-Ri2, NIKON).

Enzyme-linked immunosorbent assay

(ELISA)
After continuous treatment in the above manner, the mice were

killed and the blood and MLNs were collected. After 1 hr, the

blood was centrifuged at 3,000 rpm for 10 mins, and then the

serum in the supernatant was obtained. The levels of tumor

immune-related cytokines in serum and MLNs were detected

by ELISA (X-Y Biotechnology, Shanghai, China) according to

the manufacturer’s instructions.

Flow cytometry (FCM) detection
After death, MLNs and spleen were collected for FCM

detection. Lymphocytes were isolated from MLNs and
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Figure 2 Anti-PD-1 treatment, depending on CD8+ cells, inhibited colon cancer cells metastasize to the intestine, liver, and lung, and lengthened the survival time of mice after treatment

with the grouping of Tumor, Tumor/CD8 dep, anti-PD-1, and Tumor/anti-PD-1, (A) HE staining of liver, lung, and intestines to detect colon cancer cell metastasis. (B-D) A histogram shows

thenumberof liver, lung, and intestinalmetastases. (E) The survival curve of colon cancermice afterCD8depletionor anti-PD-1 treatment. *P<0.05 and **P<0.01were compared toTumor/
CD8 dep/anti-PD-1.

Gao et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:126964

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


spleen, and then overnight incubated with PerCP-conjugated

Rat Anti-CD8 antibody (catalog no.553,036, BD

Biosciences, Franklin Lakes, NJ, USA), FITC-conjugated

Mouse Anti-Human CD44 antibody (catalog no.560,977,

BD Biosciences), and PE-conjugated Mouse Anti-Human

CD62L antibody (catalog no.555,544, BD Biosciences) at

4°C. After centrifugation for 10 mins at 3,000 rpm to remove

the antibodies, the samples were washed 3 times with PBS

and resuspended in 200 µL PBS. Likewise, 100 µL of cell

suspension was further incubated with antibodies against

CD3 (catalog no.12–0031082, PE-conjugated, Thermo

Fisher Scientific, eBioscienceTM, Waltham, MA, USA) and

CD4 (catalog no.12–0041-82, PE-conjugated, Thermo

Fisher Scientific, eBioscience™) or CD8 (catalog no.12–

0081-81, PE-conjugated, Thermo Fisher Scientific,

eBioscience™) and CD45 (catalog no.11–0451-82, FITC-

conjugated, Thermo Fisher Scientific, eBioscience™) at 4°

C in the dark for 1–2 hrs. Following fixation in 1×FIX buffer

at 4 °C for 30 mins, the samples were centrifuged and then

resuspended in 0.5 mL PBS (containing 0.1% Triton X-100)

at 4°C for 30 mins in the dark. Finally, samples were

incubated with antibodies against PD-1 (catalog no.12–

9985-82, PE, Thermo Fisher Scientific, eBioscienceTM),

FoxP3 (catalog no.12–5773-82, PE, Thermo Fisher

Scientific, eBioscience™), IFN-γ (catalog no.11–7311-82,

FITC, Thermo Fisher Scientific, eBioscience™), and TNF-

α (catalog no.12–7321-82, PE, Thermo Fisher Scientific,

eBioscience™). After another centrifugation step, the sam-

ples were resuspended in 200 µL PBS. Subsequently, a flow

cytometer was used to study the ratio of CD44+ CD62L− in

CD8+ cells, CD4+ FoxP3+ cells in CD3+ positive cells, and

CD8+ IFN-γ+ TNF-α+ cells in CD45+ positive cells were

evaluated using the BD AccuriTM C6 Software (Version

1.0.264.21, BD Biosciences, USA).

Statistical analysis
Statistical significance was analyzed using the software

of GraphPad prism 7.0 (GraphPad Software, Inc., La

Jolla, CA, USA). All results were shown as mean±SD

with 3 repeated experiments. The significance among

three or more comparisons was analyzed by one-way

analysis of variance (ANOVA) posted with Tukey’s
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multiple comparison. P-value<0.05 indicated statistical

significance.

Results
PD-1 expression was significantly elevated in

CD8+ cells in the colon cancermousemodel
After establishment of the colon cancer mouse model, the

expression of PD-1 was analyzed by FCM. As shown in

Figure 1, PD-1 expression was significantly elevated in CD8+

cells of theMLNs and spleen of colon cancer mice, suggesting

that PD-1 may contribute to colon cancer progression.

Anti-PD-1 treatment, depending on CD8+

cells, inhibited colon cancer cells

metastasize to the intestine, liver, and lung,

and lengthened the survival time of mice
After treatment of colon cancer positive mice with CD8-

depleting and anti-PD-1 antibodies, liver, lung, and intestinal

tissues were collected. HE staining of the liver, lung, and

intestines found that anti-PD-1 treatment significantly inhib-

ited the metastasis of colon cancer cells to liver, lung, and

intestines. This inhibitory effect was decreased by CD8 deple-

tion (Figure 2A), as evidenced by the increase in the number of

metastases to the liver, lung, and intestine (Figure 2B-D). In

addition, the survival time of Tumor/anti-PD-1 mice was sig-

nificantly shortened after CD8 depletion (Figure 2E). These

findings indicate that anti-PD-1 therapy could inhibit colon

cancer cell metastasis and lengthen the survival time of mice,

which may be dependent on CD8+ cells.

Anti-PD-1, depending on CD8+ cells,

regulated the levels of tumor immune-

related cytokines in serum and MLNs of

colon cancer mice
Colon cancer mice were treated with CD8-depleting and anti-

PD-1 antibodies, and then serum and MLNs were collected to

detect the cytokines expression. ELISA assays found that in

response to anti-PD-1 antibody, the levels of IFN-γ
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(Figure 3A), TNF-α (Figure 3B), and IL-12 (Figure 3C) in

serum were significantly increased, and IL-6 (Figure 3D),

IL-17 (Figure 3E), and TGF-β (Figure 3F) were decreased,

whereas CD8 depletion had the opposite effect. Anti-PD-1

treatment in CD8 depleted-mice had no significant effect on

the expression of these cytokines. In addition, therewas a similar

tendency with the expression of IFN-γ, TNF-α, IL-12, IL-6, IL-
17, and TGF-β in MLNs to serum (Figure 4A-F). Taken

together, we inferred that anti-PD-1 treatment, depending on

CD8+ cells, regulated the expression of tumor immune-related

cytokines in the serum and MLNs of mice with colon cancer.

Anti-PD-1 treatment, depending on

CD8+ cells, increased CD44high CD62llow

memory T cell in MLNs and spleen of

colon cancer mice
Further, after CD8 depletion and anti-PD-1 treatment of colon

cancer mice, FCM detection of the cell proportion of CD44

and CD62L in CD8+ cells in MLNs and spleen found that the

number of CD44high CD62Llow memory T cell in CD8+ cells

inMLNs (Figure 5A and B) and spleen (Figure 5A and C) was

significantly increased by anti-PD-1 treatment, while CD8

depletion strongly reversed the effect of anti-PD-1.

Furthermore, anti-PD-1 antibody cannot exert this effect

when CD8 is depleted. Therefore, we conjecture that CD8

depletion reduced the numbers of CD8+ memory Tcells in the

MLNs and spleen of colon cancer mice. Depending on CD8+

cell expression, anti-PD-1 treatment could increase memory T

cell in MLNs and spleen of colon cancer mice.

Anti-PD-1 treatment, depending on

CD8+ cells, decreased CD4+ Foxp3+

regulatory T cell in MLNs and spleen of

colon cancer mice
After CD8 depletion and anti-PD-1 treatment of colon

cancer mice, FCM was conducted to detect the cell
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proportion of CD4+ and FoxP3+ in CD3+ cells in MLNs

and spleen. CD3 is present on the surface of peripheral

blood T cells and forms a complex with the T cell antigen

receptor (TCR) to transmit the antigen signal to the cell.

CD4, the main surface marker of helper T cell (Th), binds

to the MHC-II molecule and stabilizes the binding of the

TCR to the antigen peptide-MHC molecule complex, help-

ing to initiate signal transduction. The winged-helix/fork-

head transcription factor, FoxP3, is critical in T regulatory

cells.33,34 In our study, as shown in Figure 6, we found that

the percentages of CD4+ FoxP3+ regulatory T cell in both

MLNs (Figure 6A and B) and spleen (Figure 6A and C)

were significantly decreased by anti-PD-1 treatment,

which was potently counteracted by CD8 depletion.

Moreover, the increase in CD4+ FoxP3+ regulatory T cell

in MLNs and spleen after CD8 depletion in colon cancer

mice was not reversed by anti-PD-1. These indicated that

CD8 depletion increased the number of regulatory T cell in

CD3+ cells in MLNs and spleen of colon cancer mice, and

anti-PD-1 could decrease regulatory T cell in the MLNs

and spleen of colon cancer mice via CD8 cells.

Anti-PD-1 treatment, depending on CD8+

cells, increased CD8+ IFN-γ+ TNF-α+ in
MLNs and spleen of colon cancer mice
After CD8 depletion or treatment with anti-PD-1 in colon

cancermice, FCMdetected the proportion of CD8+ cells secret-

ing IFN-γ and TNF-α. In response to anti-PD-1 treatment, the

percentages of CD8+ IFN-γ+ TNF-α+ cells in both MLNs

(Figure 7A and B) and spleen (Figure 7A and C) were sig-

nificantly increased, while CD8 depletion potently counteracted

the effect of anti-PD-1 treatment. In addition, anti-PD-1 could

not exert this effect when CD8was depleted in the colon cancer

mice. It has been reported that IFN-γ and TNF-α are cytokines

produced by lymphocytes (CD4+ and CD8+) that regulate

apoptosis, survival, and anti-cancer effects.35 These results

show that CD8 depletion reduced the secretion of IFN-γ and

ControlA

C
D

4

Gate: (R1 in P1)

FL
2-

A

FL1-A

10
5.

6
10

5
10

4
10

3
10

2
10

1

102.3 103 104 105 106 107.2

Q7-UL
0.7%

Q7-UR
5.8%

Q7-LR
1.4%

Q7-LL
92.1%

Gate: (R1 in P1)

FL
2-

A

FL1-A

10
5.

1
10

4
10

3
10

2
10

1

102.4 103 104 105 105.5

Q7-UL
1.0%

Q7-UR
4.8%

Q7-LR
1.5%

Q7-LL
92.7%

Gate: (R1 in P1)

FL
2-

A

FL1-A

10
5.

1
10

4
10

3
10

2
10

1

102.4 103 104 105 105.5

Q2-UL
0.3%

Q2-UR
11.9%

Q2-LR
11.3%

Q2-LL
76.4%

Gate: (R1 in P1)

FL
2-

A

FL1-A

10
5.

1
10

4
10

3
10

2
10

1

102.4 103 104 105 105.5

Q2-UL
0.5%

Q2-UR
15.1%

Q2-LR
13.8%

Q2-LL
76.4%

Gate: (R1 in P1)

FL
2-

A

FL1-A

10
5.

1
10

4
10

3
10

2
10

1

102.4 103 104 105 105.5

Q2-UL
0.4%

Q2-UR
14.1%

Q2-LR
14.0%

Q2-LL
71.5%

Gate: (R1 in P1)
FL

2-
A

FL1-A

10
5.

1
10

4
10

3
10

2
10

1

102.4 103 104 105 105.5

Q2-UL
0.3%

Q2-UR
7.7%

Q2-LR
5.5%

Q2-LL
86.5%

Gate: (R1 in P1)

FL
2-

A

FL1-A

10
5.

6
10

5
10

4
10

3
10

2
10

1

102.3 103 104 105 106 107.2

Q1-UL
0.1%

Q1-UR
12.7%

Q1-LR
22.8%

Q2-LL
64.5%

Gate: (R1 in P1)

FL
2-

A

FL1-A

10
5.

6
10

5
10

4
10

3
10

2
10

1

102.3 103 104 105 106 107.2

Q1-UL
0.3%

Q1-UR
15.1%

Q1-LR
20.4%

Q1-LL
64.2%

Gate: (R1 in P1)
FL

2-
A

FL1-A

10
5.

6
10

5
10

4
10

3
10

2
10

1

102.3 103 104 105 106 107.2

Q1-UL
0.0%

Q1-UR
14.5%

Q1-LR
18.3%

Q1-LL
67.2%

Gate: (R1 in P1)

FL
2-

A
FL1-A

10
5.

6
10

5
10

4
10

3
10

2
10

1

102.3 103 104 105 106 107.2

Q1-UL
0.4%

Q1-UR
7.8%

Q1-LR
13.4%

Q1-LL
78.3%

CB
MLNs

####
******

0
5

10
15
20 Spleen

M
LN

s
S

pleen

Con
tro

l

Tu
mor

Tu
mor/

CD8 d
ep

Tu
mor/

CD8 d
ep

/an
ti P

D-1

Tu
mor/

an
ti P

D-1

Con
tro

l

Tu
mor

Tu
mor/

CD8 d
ep

Tu
mor/

CD8 d
ep

/an
ti P

D-1

Tu
mor/

an
ti P

D-1

Tumor

FoxP3

Tumor/CD8 dep Tumor/CD8 dep/anti PD-1 Tumor/anti PD-1

%
 C

D
4+  F

ox
P

3+

0
5

10
15
20

%
 C

D
4+  F

ox
P

3+
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TNF-α by CD8+ cells in the MLNs and spleen of colon cancer

mice. Depending on the presence or absence of CD8+ cells,

anti-PD-1 treatment could increase the secretion of IFN-γ and
TNF-α in the MLNs and spleen of colon cancer mice.

Discussion
Cumulative reports have shown that inhibition of PD-1

contributes to the treatment of various cancers. For exam-

ple, patients with colon cancer, renal cell cancer, or mel-

anoma are partially or completely responsive to

immunotherapy with anti-PD-1 antibodies.36 An anti-PD-

1 immune checkpoint inhibitor, nivolumab, has shown

clinically meaningful activity in the treatment of advanced,

refractory, squamous non-small cell lung cancer.37 Further,

it has been reported that blockade of PD-1 can overcome

immune resistance and has anti-tumor activity.16 In this

study, we established an in situ colon cancer mouse model

with the CT26 cell line. HE staining revealed that anti-PD-

1 treatment, depending on CD8+ cells, inhibits colon

cancer cells metastasis to the intestines, liver, and lung,

which lengthened the survival time of colon cancer mice.

This suggests that the CD8+ cell-dependent inhibition of

PD-1 may be a viable treatment for colon cancer.

Further, the underlying mechanisms of anti-PD-1 regulation

of colon cancer cell metastasis were investigated. It is reported

that IFN-γ plays a role in anti-tumor immunity and is critical in
suppressing the early development of cancer. IFN-γ is often

associated with TNF-α, a cytokine that controls infection and

cancer,38,39 and IL-12 mainly acts on T cells and NK cells,

inducing cytotoxic activity of CTL and NK cells and promoting

the secretion of cytokines such as IFN-γ and TNF-α. These
defined functions agree with our findings that the levels of

IFN-γ, TNF-α, and IL-12 in serumandMLNswere significantly

increased after treatment with anti-PD-1 antibody. TGF-β is

important for the maintenance of the peripheral T regulatory

cells.40,41 IL-6 can effectively promote TNF-induced cachexia,

and IL-17, secreted by CD4+ Tcell, is themain effector of Th17

cells which can secrete IL-17A, IL-17F, IL-6, and TNF-a, and
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detected by FCM detection. (B-C) A histogram showed CD8+ IFN-γ+ TNF-α+ cells (%) in MLNs (B) and spleen (C). *P<0.05 was compared to control, and ##P<0.01 was

compared to Tumor/CD8 dep/anti-PD-1.
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effectively mediate the inflammatory response. Consistent with

these, decreased IL-6, IL-17, and TGF-β were found in serum

and MLNs after anti-PD-1 antibody treatment. However, CD8

depletion potently counteracted the effect of anti-PD-1 treat-

ment, suggesting the involvement of these tumor-related cyto-

kines in the regulation of colon cancer by PD-1.Moreover, anti-

PD-1 treatment, depending on CD8+ cells, significantly

increased CD44high CD62Llow memory T cell and decreased

CD4+ FoxP3+ regulatory Tcell in MLNs and spleen, as well as

increased secretion of IFN-γ and TNF-α. These results are

consistent with the previous reports that CD4+ FoxP3+ regula-

tory T cell can suppress immune disorders.42 Based on these

findings, it can be inferred that a PD-1 inhibitor, depending on

CD8+ cells, inhibits colon cancer cell metastasis, possibly

through the modulation of memory T cell and regulatory T cell

via apoptotic signaling by IFN-γ, TNF-α, and TGF-β.
In summary, the present study demonstrates the CD8+ cell-

dependent inhibitory effect of anti-PD-1 treatment on themetas-

tasis of colon cancer cells. This activity may be due to the

modulation of memory and regulatory T cells via apoptotic

signaling by IFN-γ, TNF-α, and TGF-β. Therefore, PD-1 is an
exciting potential target for the remission or even cure of colon

cancer.
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