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Abstract
TIGIT is a lymphocyte surface receptor, which is mainly expressed on the surface of CD8+T cells. The role of TIGIT 
in colorectal cancer and its expression pattern in colorectal cancer infiltrating lymphocytes are still controversial. This 
study aimed at identifying the function of TIGIT in colorectal cancer. Patients with colorectal cancer showed significantly 
higher TIGIT+CD8+T cell infiltration in tumor tissues, metastases compared with paired PBMC and normal tissues through 
flow cytometry. TIGIT+CD8+T cells showed an exhausted phenotype and expressed low levels of killer cytokines IFN-γ, 
IL-2, TNF-α. In addition, more inhibitory receptors such as PD-1, LAG-3, and TIM-3 were expressed on the surface of 
TIGIT+CD8+T cells. TGF-β1 could promote the expression of TIGIT and inhibit CD8+T cell function in vitro. Moreover, 
the accumulation of TIGIT+T cells in tumors was associated with advanced disease, predicted early recurrence, and reduced 
survival rates in colorectal cancer patients. Our results indicate that TIGIT can be a biological marker for the prognosis of 
colorectal cancer, and TIGIT can be used as a potential target for treatment.

Keywords  TIGIT · CD8 · Exhaustion · Colorectal cancer

Abbreviations
CRC​	� Colorectal cancer
IFN-γ	� Interferon γ
IL-2	� Interleukin-2
LAG-3	� Lymphocyte-activation gene 3
NK cells	� Natural killer cells
PBMC	� Peripheral blood mononuclear cell
PD-1	� Programmed cell death protein 1
PD-L1	� Programmed cell death ligand 1
TGF-β	� Transforming growth factor-β

TIGIT	� T cell immunoreceptor with Ig and ITIM 
domains

TILs	� Tumor-infiltrating lymphocytes
TIM-3	� T cell immunoglobulin and mucin domain-3
TNF-α	� Tumor necrosis factor-α
Tregs	� Regulatory T cells

Introduction

Colorectal cancer (CRC) is currently the third most common 
cancer in the world and the second most common cause of 
cancer-related deaths [1]. Immunotherapy has developed into 
an important treatment for advanced tumors [2]. Utilizing the 
expression of immune checkpoints is revolutionizing cancer 
immunotherapy by inducing meaningful clinical responses in 
a variety of cancer types [3, 4]. Immunotherapies targeting 
PD-1 and PD-L1 have been widely used in the treatment of 
advanced tumors [5, 6]. However, only a few patients who con-
tain microsatellite instability in colorectal cancer can benefit 
from anti-PD-1 and anti-PD-L1 immunotherapy [7, 8]. The 
combined application of immune checkpoint blocking therapy 
may improve the effect of colorectal cancer immunotherapy, 
and potential immune checkpoint in colorectal cancer should 
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be discovered. Research has found that many other suppres-
sive immune checkpoints exist in colorectal cancer tissues, 
including TIGIT [9].

T cells play a major role in cellular immunity. It contains a 
variety of biological functions, such as directly killing target 
cells, assisting, or inhibiting B cells from producing antibodies, 
responding to specific antigens and mitogens, and producing 
cytokines [10]. Many studies have confirmed the existence of a 
large number of T cells in tumor tissues, and cellular immunity 
plays important roles in tumor progression[11–13]. However, 
these T cells have shown different phenotypes and functions. 
CD8+T cell is an important group of cells that play the role of 
immune surveillance and antitumor immune response [14, 15]. 
The function of CD8+T cells in tumor-infiltrating lymphocytes 
(TILs) is an important part that affects the balance of the tumor 
immune microenvironment and deserves attention [16].

TIGIT (T cell immunoglobulin and immunoreceptor 
tyrosine-based inhibitory motif (ITIM) domain) is a co-
inhibitory receptor expressed on the surface of killer T cells, 
Tregs, and NK cells, which competes with the co-stimulatory 
receptor CD226, binding to the receptor CD155 [17–20]. 
The expression of TIGIT on CD8+T and NK cells leads to a 
cellular immunosuppressive phenotype and is related to the 
production of cytokines. TIGIT plays an important regula-
tory role in the occurrence and development of autoimmune 
diseases such as SLE and viral infections [21, 22]. A recent 
study has confirmed that TIGIT is upregulated in a variety 
of tumor immune microenvironments, such as AML, CML, 
lung cancer, and melanoma, and promotes tumor develop-
ment[23]. However, the role of TIGIT in colorectal cancer 
and its expression pattern in tumor-infiltrating lymphocytes 
are still controversial.

In this study, we found that the expressions of TIGIT 
in CRC tissues and metastases were significantly upregu-
lated compared to adjacent normal tissues and peripheral 
blood mononuclear cells (PBMCs). Our result showed that 
TIGIT was a co-inhibitory receptor on the surface of CD8+T 
lymphocytes and could inhibit the ability of CD8+T cells 
to secrete cytokines. Furthermore, we confirmed that colo-
rectal cancer cells could regulate the expression of TIGIT 
through the TGF-β1 pathway and further affect the function 
of CD8+T lymphocytes. The expression of TIGIT was posi-
tively correlated with the poor prognosis of patients with 
colorectal cancer. These findings indicate that TIGIT can 
be a biological marker for the prognosis of colorectal cancer 
and can be used as a potential target for treatment.

Methods and materials

Patients and tissue samples

Fresh paired normal and tumor tissues samples used to 
analyze the TIGIT expression between normal tissues and 
tumors were obtained from 22 colorectal cancer patients 
who underwent surgical treatment in the Third Affiliated 
Hospital of Sun Yat-sen University (Guangzhou, China) 
from the year 2019 to 2020 during surgery (Supplementary 
Table S1 cohort1). And PBMCs, tumor tissues, and lymph 
node metastases from 10 patients were used to analyze the 
TIGIT expression in PBMCs, tumor tissues, and lymph node 
metastases (Supplementary Table S1 cohort2). The tissues 
were obtained within half an hour after resection. Peripheral 
blood samples were also collected from healthy donors. And 
139 paraffin specimens of tumors from colorectal cancer 
patients who underwent surgery during 2009–2013 were 
applied to immunohistochemistry (Supplementary Table S1 
cohort3). In addition, we collected clinical data of these 
patients and maintained following-up until 2018. These 
patients were subjected to diagnosis using conventional his-
tology. Prior to surgery, no patients received other antitumor 
treatments, and clinical stages were classified according to 
the guidelines of the International Union Against Cancer. 
According to the ethics committee of the Third Affiliated 
Hospital of Sun Yat-sen University, all patients signed the 
informed consent. A tissue microarray (BIOTECH WELL, 
Cat#ZL-CocMet56) contained primary colorectal cancer, 
and liver metastases were used to evaluate the expression of 
TIGIT in liver metastases.

Isolation of peripheral blood mononuclear 
cells and tumor‑infiltrating lymphocytes

Peripheral blood samples from healthy people were col-
lected from healthy donors, and peripheral blood from 
patients with colorectal cancer was collected before surgery 
in the Third Affiliated Hospital of Sun Yat-sen University. 
For peripheral blood mononuclear cells isolation, a standard 
Ficoll procedure was utilized as described previously [24]. 
To isolate tumor-infiltrating lymphocytes, the fresh tissue 
samples were collected within half an hour after surgery, 
washed with saline, and then transported to the laboratory 
within 2 h. The tissues were cut into 0.5 mm specimens 
followed by digestion with collagenase D(Roche Cat# 
11,088,858,001)and DNaseI(Roche Cat# 10,104,159,001)for 
1 h in 37 °C. Dissociated cells were filtered through 70 um 
mesh and separated by percoll centrifugation. The mononu-
clear cells were washed by PBS and resuspended in 1640 
medium for the next experiment.
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Flow cytometry

The PBMC and TILs were then stained with fluorochrome-
conjugated anti-CD3, CD4, CD8, CD56, TIGIT, PD-1, 
TIM-3, LAG-3, CD226 antibodies for 30 min in 4 °C. After 
washing three times, samples were collected and analyzed 
using flow cytometry. For intracellular staining, the mono-
nuclear cells were fixed and permeabilized for 30 min by 
fixed and permeabilized kit (BD Biosciences Cat#554,714) 
after extracellular staining, and then incubated with the cor-
responding antibodies (fluorochrome-conjugated anti-IFN-γ, 
IL-2, TNF-α antibodies) for 30 min at 4 °C for intracellular 
staining. The staining cells were analyzed using a FACS 
Calibur flow cytometer (Becton Dickinson, the USA), and 
the data were analyzed with FlowJo software. The antibod-
ies used in this study are shown in Supplementary Table S2.

ELISA assay

Mononuclear cells were isolated, and then, TIGIT+CD8+T 
and TIGIT−CD8+T cells were collected by fluorescence-acti-
vated cell sorting (FACS). To measure the concentration of 
IFN-γ, IL-2, and TNF-α, TIGIT+CD8+T and TIGIT−CD8+T 
cells were cultured in 24 well plates at a density of 106/ml 
and stimulated with a-CD3 and a-CD28. After cultured for 
24, 48, and 72 h, the culture mediums were collected for 
ELISA. The concentration of IFN-γ、IL-2, and TNF-α was 
detected by ELISA kits (KeyGEN BioTECH China) accord-
ing to the manufacturer’s instructions.

Preparation of culture supernatant 
from primary colorectal cancer 
and co‑culture

Culture supernatants were acquired by the culture of com-
pletely digested colorectal cancer tissues. The digested 
tumor cells were washed with PBS and then resuspended in 
RPMI 1640 (Gibco, the USA) medium containing 10% fetal 
bovine serum (FBS, Gibco) at 37 °C under 5% CO2. After 
72 h, the supernatant was collected for further experiment. 
The PBMCs were collected after isolation and seeded in a 
24-well plate coated with α-CD3 (Biolegend Cat# 317,326) 
and α-CD28(Cat# 302,933) for stimulating culture, TGF-
β1 (PeproTech Cat# AF-100-21C-2), TGF-β1 inhibitor 
(SB431542), (Meilunbio Cat# MB5459), and tumor super-
natant were added separately to the medium. After 72 h, 
PBMCs were collected and stained with anti-CD8, anti-
TIGIT, and anti-IFN-γ antibodies followed by flow cytom-
etry analysis.

Immunohistochemistry staining

Formalin-fixed paraffin-embedded tissue was cut into 4 μm 
sections. The sections and tissue microarray were deparaffi-
nized and rehydrated after heated in 65 °C for 1 h. Antigen 
retrieval was performed by EDTA (Solarbio Cat# C1034) 
and non-specific antigen blocking by 10%BSA (Gibco, the 
USA). The sections were then incubated with primary anti-
body against TIGIT (Abcam Cat# ab243903) in 4 °C over-
night. After incubated with HPR-second antibody (Affinity 
Biosciences Cat# S0001), the staining was detected by the 
DAB system (Beyotime Cat# P0202). The integrated optical 
density (IOD) was quantified using ImagePro Plus software 
(Media Cybernetics, the USA) in a blinded manner.

GEPIA2 analysis

GEPIA2 is an interactive web portal that allows in-depth 
analysis of TCGA gene expression data, which contains 
RNA sequencing data and clinical data from 31 cancer[25]. 
It can analyze the relative expression of query genes between 
tumors and normal samples in various tumors. GEPIA2 is 
publicly available at http://gepia​2.cance​r-pku.cn/#gener​al.

Data analysis

The GraphPad Prism 7 and SPSS22 statistical analysis soft-
ware programs were used for statistical analysis of the exper-
imental data, and results were shown as means ± SEM. Sig-
nificant differences between the two unpaired groups were 
determined by log-rank test or Student’s t test. Significant 
differences between two paired groups were determined by 
paired t-tests. Cut off value of TIGIT IOD was determined 
by the receiver operating characteristic curve. Kaplan–Meier 
survival curves were plotted using patient survival data and 
tested by log-rank test. All data were analyzed using a two-
sided test, and P < 0.05 was considered as a statistically sig-
nificant criterion. *P < 0.05, **P < 0.01, ***P < 0.001 and 
****P < 0.0001.

Results

TIGIT is upregulated in colorectal cancer 
and metastases.

To clarify the expression pattern of TIGIT in lymphocytes, 
we evaluated the expression of TIGIT in 22 colorectal cancer 
tissues (including tumor tissues and corresponding normal 
tissue) by flow cytometry, and the gating pattern is shown 

http://gepia2.cancer-pku.cn/#general
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in Supplementary Fig. S1. In colorectal cancer patients, the 
proportion of TIGIT+CD3+T in tumor tissues is significantly 
higher than in normal tissues (Fig. 1a). The above result was 
further confirmed by flow cytometry fluorescence analysis 

(Fig. 1b). Based on the above results, we also studied the 
difference in the expression of TIGIT in CD4+T and CD8+T 
cells. Among CD4+T cells, the proportion of TIGIT+CD4+T 
cells in tumor tissues was significantly higher than normal 

Fig. 1   TIGIT is upregulated in colorectal cancer TILs and metasta-
ses, especially in CD8+T cells a. Different expressions of TIGIT 
expression in CD3+T cells between normal tissue and tumor tissues. 
n = 12. b. The mean fluorescence intensity of TIGIT in CD3+T cells. 
n = 12. c. Different expressions of TIGIT expression in CD4+T cells 
between normal tissue and tumor tissues. n = 22. d. The mean fluores-
cence intensity of TIGIT in CD4+T cells. n = 22. e. Different expres-
sions of TIGIT expression in CD8+ cells between normal tissues and 
tumor tissues. n = 22. f. The mean fluorescence intensity of TIGIT in 

CD8+T cells. n = 22. g. Different expressions of TIGIT expression in 
CD3, CD4, and CD8+T cells between PBMC and tumors. n = 10. h. 
Different expressions of TIGIT expression in CD3, CD4, and CD8+T 
cells between tumors and lymph node metastases. n = 6. (PBMC, 
peripheral blood mononuclear cell; LN-M, lymph node metastases). 
Error bars represent mean ± SEM. Two-tailed Student’s t test and 
paired t-test were performed for statistical analysis; ns: not signifi-
cant; *:p < 0.05; **:p < 0.01; ***:p < 0.001; ****: P < 0.0001
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tissues (Fig. 1c). And the mean fluorescence intensity of 
TIGIT in CD4 showed the same trend (Fig. 1d). Similar 
results also appeared in the CD8+T cell subset (Fig. 1e). 
The mean fluorescence intensity in tumor tissues was also 
significantly higher than normal tissues (Fig. 1f). We further 
compared the expressions of TIGIT on the surface of NK 
cells in tumor tissues and normal tissues. TIGIT expressions 
on NK cells were also significantly upregulated in tumor tis-
sues (Supplementary Fig. S2a). And we applied the TCGA 
datasets to assess the RNA pattern of TIGIT in colorectal 
cancer; the result showed a trend consistent with our results 
though it did not reach significance (Supplementary Fig. 
S2b). Compared to PBMC, TIGIT+ cells occupied a larger 
proportion in tumor-infiltrating CD3, CD4, and CD8+T cells 
(Fig. 1g), and the representative FACS plots are shown in 
Supplementary Fig. S3a-c. Furthermore, the expressions of 
TIGIT in lymph node metastases were higher than paired 
tumor tissues (Fig. 1h). Then, we compared the expressions 
of TIGIT in tumor tissues and liver metastases by immu-
nohistochemistry staining and found TIGIT was higher in 
liver metastases (Supplementary Fig. S3d). In order to more 
intuitively reflect the expressions of TIGIT in tissues, we 
performed immunohistochemical labeling of TIGIT on 139 
tumor tissues and 68 normal tissues (Fig. 2a). We verified a 
significant increase in TIGIT protein in colorectal cancer tis-
sues (Fig. 2b). Next, we analyzed the expressions of TIGIT 
in 68 pairs of tumor tissues and normal tissues, and the 
results still suggest that the expressions of TIGIT in tumor 
tissues were significantly higher than the matched normal 
tissues (Fig. 2c).

TIGIT+CD8+T cells exhibit a unique 
suppressive function

The expressions of TIGIT in colorectal cancer tissues were 
elevated, and it can be preliminarily judged that the expres-
sion of TIGIT is related to lymphocyte exhaustion. Lympho-
cytes play a killing function mainly by secreting cytokines, 
and CD8+T is a vital subset that plays a killing role in lym-
phocytes. Therefore, we investigated the effect of TIGIT 
expression on cytokine secretion by infiltrating CD8+T 
lymphocytes. We detected the proportion of TIGIT expres-
sion in CD8+T cells by flow cytometry and then detected 
the expressions of related cytokines IFN-γ, IL-2, and TNF-α 
by intracellular staining. Next, we divided the CD8+T cells 
into two groups as TIGIT+CD8+T and TIGIT−CD8+T cells 
and tested the ability secreting cytokines of these two sub-
sets. The results showed that the ability of TIGIT+CD8+T 
cells to secrete IFN-γ, IL-2, and TNF-α was significantly 
lower than TIGIT−CD8+T cells (Fig. 3a, b, c). To further 
clarify the effect of TIGIT on the secretion of functional 
cytokines by CD8+T cells, the concentrations of IFN-γ, 
IL-2, and TNF-α in the culture mediums of TIGIT+CD8+T 
and TIGIT−CD8+T cells were measured by ELISA kits. 
The results showed the concentrations of IFN-γ, IL-2, and 
TNF-α of TIGIT+CD8+T cells were at lower levels (Fig. 3d). 
The expression of TIGIT led to the depletion of CD8+T cell 
functions.

Fig. 2   The protein expression pattern of TIGIT is different in human 
colorectal cancer a. Representative IHC staining of TIGIT in human 
colorectal cancer tissues and adjacent noncancerous tissues. Scale 
bars: 400 × 20  μm. b. TIGIT protein expression of 139 colorectal 
cancer tissues and 68 adjacent noncancerous tissues by IHC in tis-

sue paraffin sections. c. Paired comparison of TIGIT protein expres-
sion of 68 paired cancer tissues and noncancerous tissues. Error bars 
represent mean ± SEM. Two-tailed Student’s t test and paired t-test 
were performed for statistical analysis; ns: not significant; *:p < 0.05; 
**:p < 0.01; ***:p < 0.001; ****: P < 0.0001
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Fig. 3   TIGIT+CD8+T cells exhibit a unique suppressive func-
tion a. IFN-γ expression pattern between TIGIT−CD8+T cells and 
TIGIT+CD8+T cells. n = 17. b. IL-2 expression pattern between 
TIGIT−CD8+T cells and TIGIT+CD8+T cells. n = 14. c. TNF-α 
expression pattern between TIGIT−CD8+T cells and TIGIT+CD8+T 
cells. n = 15. d. The concentration of IFN-γ, IL-2, and TNF-α in the 

culture medium of TIGIT−CD8+T cells and TIGIT+CD8+T cells after 
culturing for 24, 48, 72 h. n = 3 biologically independent experiments. 
Error bars represent mean ± SEM. Two-tailed Student’s t test and 
paired t-test were performed for statistical analysis; ns: not signifi-
cant;  *P< 0.05;  **p < 0.01; ***p < 0.001; ****P < 0.0001
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TIGIT+CD8+T cells exhibit a unique 
suppressive phenotype

The expression of TIGIT can restrict T lymphocytes’ abil-
ity to secrete cytokines and cause CD8 + T cells functional 
exhaustion. The functional status of lymphocytes is mostly 
affected by surface receptors. To further clarify that TIGIT 
expression promotes CD8 + T cell depletion, we tested dif-
ferent T cell receptors’ expression status by flow cytom-
etry. PD-1 is a major receptor for T cell exhaustion. We 
found that PD-1 was significantly increased on the surface of 
TIGIT+CD8+T cells (Fig. 4a). TIM-3 showed a significant 
increase in TIGIT+CD8+T cells compared to TIGIT−CD8+T 
cells (Fig. 4B). LAG-3 also appeared to be elevated in 
TIGIT+CD8+T cells (Fig. 4c). Interestingly, the expression 
of co-stimulatory receptors CD226 showed no significant 
difference between TIGIT+CD8+T cells and TIGIT−CD8+T 
cells (Supplementary Fig. S4). Besides, we compared the 
expression patterns of PD-1, TIM-3, LAG-3, and CD226 
on TIGIT+CD8+T cells between normal tissues and tumors. 
The expressions of PD-1, TIM-3, and LAG-3 showed a ris-
ing trend in tumors, while CD226 showed an adverse trend 
(Fig. 4d). This is consistent with the suppressive state of the 
tumor microenvironment. The expressions of co-inhibitory 
receptors were upregulated. The expression of co-stim-
ulatory receptors was reduced, indicating that TIGIT can 
affect the expression of receptors on CD8+T cells and cause 
CD8+T cells exhaustion.

Colorectal cancer promotes TIGIT+CD8+T cell 
expansion via TGF‑β1

In previous studies, we found that TIGIT expression was 
upregulated in colorectal cancer tumor tissues. A previous 
study has confirmed that TGF-β1 can promote the expres-
sion of PD-1[26]. And TGF-β1 is a crucial component of 
the colorectal cancer tumor microenvironment, so we chose 
to explore its role in TIGIT expression. The co-culture of T 
cells with TGF-β1 enhanced TIGIT expression on CD8+T 
cells in a concentration-dependent manner (Fig. 5a). Next, 
we investigated whether blockade TGF-β1 could reverse the 
TGF-β1 dependent TIGIT enhancement. TGF-β1 inhibitor, 
SB431542, could inhibit TGF-β1 dependent TIGIT enhance-
ment (Fig. 5b). We found that the supernatant of tumor cells 
can promote the expression of TIGIT in vitro culture (Fig. 5 
c, d). Then, after adding the TGF-β1 inhibitor to the culture 
system, TIGIT expression decreased (Fig. 5c, d). In addition, 
we studied the effect of TGF-β1 on CD8+T cell function. 
After adding TGF-β1 or tumor supernatant to the culture 
medium, the level of IFN-γ in TIGIT+CD8+T cells showed a 

severe decline, which could be reversed by TGF-β1 inhibitor 
(Fig. 5e, f). These results indicated that TGF-β1 secreted by 
tumor cells could cause TIGIT+CD8+ T cells expansion and 
CD8+T cells exhaustion.

Upregulated TIGIT expression is correlated 
with poor prognosis of colorectal cancer

Depletion of lymphocytes and reduced tumor-killing capac-
ity will inevitably promote tumor progression. In order to 
clarify the impact of TIGIT expression on the prognosis of 
colorectal cancer, we evaluate TIGIT expression by immu-
nohistochemistry. The expressions of TIGIT in tumor tis-
sues showed different patterns (Fig. 6a). The expressions of 
TIGIT in patients with stage I–II were significantly lower 
than that in patients with stage III–IV (Fig. 6b). The expres-
sions of TIGIT in the tissues in patients with recurrence 
were significantly higher than patients without recurrence 
(Fig. 6c). In addition, the expressions of TIGIT in dead 
and survival patients were further analyzed. The expres-
sion of TIGIT showed an increased pattern in tumor tis-
sues of patients who died due to tumor (Fig. 6d). Compared 
the expression of TIGIT in patients with different levels of 
tumor differentiation, TIGIT expression was lower in highly 
differentiated tumors (Supplementary Table S3). Then, colo-
rectal cancer patients were divided into two groups with high 
TGIT expression and low TIGIT expression according to 
ROC (receiver operating characteristic curve) (Fig. 6e), and 
we compared the difference in tumor recurrence time and 
survival time between the two groups. TIGIT high expres-
sion group contained a higher proportion of recurrence and 
shorter time to recurrence (Fig. 6f). The overall survival 
of patients with high TIGIT expression was significantly 
reduced (Fig. 6g), suggesting that TIGIT was associated 
with a poor prognosis for colorectal cancer. It suggested that 
the expression of TIGIT is an independent influencing fac-
tor for the prognosis of colorectal patients and can be used 
as a predictor of the outcome for colorectal cancer patients.

Discussion

TIGIT has been discovered in recent years as a new immune 
checkpoint, which is mainly expressed on the surface of 
lymphocytes, including killer T cells, helper T cells, and 
NK cells. The existing study has confirmed that TIGIT is 
a co-inhibitory receptor, and its corresponding ligand is 
CD155[27]. The expression of TIGIT can cause depletion 
of effector T cells and NK cells. In the field of oncology, 
the function of TIGIT in many tumors has been confirmed, 
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Fig. 4   TIGIT+ CD8+T cells exhibit a unique suppressive pheno-
type a. PD-1 expression pattern between TIGIT−CD8+T cells and 
TIGIT+CD8+T cells. n = 13. b. TIM-3 expression pattern between 
TIGIT−CD8+T cells and TIGIT+CD8+T cells. n = 16. c. LAG-3 
expression pattern between TIGIT−CD8+T cells and TIGIT+CD8+T 

cells. n = 17. d. PD-1, TIM-3, LAG-3, and CD226 expression on 
TIGIT+CD8+T cells between normal tissues and tumors. Error bars 
represent mean ± SEM. Two-tailed Student’s t test and paired t-test 
were performed for statistical analysis; ns: not significant; *p < 0.05; 
**p < 0.01; ***p < 0.001; ****P < 0.0001
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such as liver cancer[28], head and neck squamous cell car-
cinoma[29], and lung cancer[30]. However, in colorectal 
cancer, the function of TIGIT is still controversial. Some 
studies have found that TIGIT expression is elevated in 
colorectal cancer[31], while another study has found that 
TIGIT expression is downregulated in PBMC of advanced 
colorectal cancer but showed an opposite trend in tumor tis-
sues [32]. And Kitsou et al. showed that TIGIT expression 
seemed to be associated with better overall survival of colo-
rectal cancer but did not reach significance[33]. Therefore, 
more researches are needed to confirm the role of TIGIT in 
colorectal cancer.

Our research suggested that TIGIT was upregulated in 
colorectal cancer infiltrating lymphocytes, including CD3, 
CD4, CD8, and NK cells. Compared with the correspond-
ing PBMC and normal tissues, TIGIT in tumor tissues was 
significantly increased, especially in CD8+T cells. And the 
expressions of TIGIT in metastases were higher than pri-
mary tumors. According to the TCGA database data and the 
immunohistochemical analysis of tissue samples, the mRNA 
and protein levels of TIGIT in colorectal cancer tumor tis-
sues were higher than normal tissues, consistent with the 
previous report[31]. We also found that the expression of 
TIGIT in tumor tissues was related to the recurrence and 
survival of patients with colorectal cancer. Furthermore, we 
discovered that the expression of TIGIT in advanced colo-
rectal cancer was significantly higher than that in early stage 
colorectal cancer. These results suggested that the expres-
sion of TIGIT can affect the prognosis of colorectal cancer.

CD8+T cells are a group of immune cells that play 
immune surveillance and killing roles in several tumors 
[14]. The existing study has confirmed that the expression of 
co-inhibitory receptors affects the function of CD8+T cells 
and promotes the exhaustion of CD8+T cells[34]. TIGIT 
is a co-inhibitory receptor that limits antitumor and other 
CD8+T cell-dependent immune responses, and TIGIT block-
ade can restore CD8+ T cell function and IFN-γ release[35]. 
Our results suggested that TIGIT-expressing CD8 + T cells’ 
ability to secrete IFN-γ, IL-2, and TNF-α was significantly 
reduced. Whether in normal tissues or tumor tissues, the 
expression of TIGIT can cause a decrease in the ability of 
CD8+T cells to secrete cytokines, which is manifested as 
functional exhaustion. CD8+T cell exhaustion is also mani-
fested in its surface co-inhibitory receptor expression. We 
explored the effect of TIGIT expression on CD8+T cells 
expressing other co-inhibitory or stimulation receptors. 

Surprisingly, CD8+T cells expressing TIGIT also highly 
express other co-inhibitory receptors, such as PD-1, TIM -3, 
and LAG-3, while the expression of co-stimulatory recep-
tor CD226 is not affected by it. T cell exhaustion is mainly 
caused by several aspects, such as poor effector function, 
continuous expression of inhibitory receptors, and transcrip-
tional status different from functional effector T cells. And 
immune checkpoint expression can also impact cytokine 
secretion and gene transcription[34, 36]. Our study showed 
that TIGIT+CD8+T cells exhibit T cell exhaustion features, 
including up-regulation of several inhibitory regulators and 
decreased production of cytokines. We suspect that TIGIT 
may promote the exhaustion of CD8+T cells by up-regu-
lating the co-inhibitory receptors on the surface of CD8+T 
cells and attenuating their function of secreting cytokines.

The immune microenvironment of colorectal cancer 
is composed of multiple components. On the one hand, 
immune cells play a major role in immune surveillance 
and kill tumor cells; on the other hands, tumor cells 
regulate immune cell functions. Tumor cells can bind to 
immune cell surface receptors through ligands to regulate 
immune cells. Moreover, tumor cells can indirectly regu-
late immune cells’ function and phenotype by secreting 
cytokines and other substances. TGF-β is one of many 
cytokines secreted by tumor cells[37]. Studies have con-
firmed that TGF-β plays an important role in immune sup-
pression within the tumor microenvironment and regulat-
ing the phenotype of immune cells[38, 39]. A previous 
study has verified that TGF-β can regulate the expression 
of lymphocyte surface receptors[26]. Our study confirmed 
that TGF-β1 could upregulate the expression of TIGIT, 
and TGF-β1 inhibitors could inhibit this up-regulation. 
Besides, our result showed that tumor cells could upregu-
late the expression of TIGIT on the surface of CD8+T 
cells by secreting TGF-β1. Furthermore, TGF-β1 inhibited 
the IFN-γ secreted by TIGIT+CD8+T cells, which inhib-
ited the function of CD8+T cells. This result suggested 
that tumor cells can upregulate the expression of TIGIT 
through TGF-β1 and promote CD8+T cell function exhaus-
tion, thereby evading immune surveillance and promot-
ing tumor growth. However, the specific mechanism that 
affects TIGIT expression in colorectal cancer may be com-
plicated, and there might be many factors that regulate its 
expression. Our study suggested that TGF-β1 secreted by 
tumor cells could upregulate the expression of TIGIT in 
colorectal cancer. It indicated that TGF-β1 might be one of 
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the factors regulating TIGIT expression. But the molecular 
mechanism that regulates the expression of TIGIT needs 
to be further explored.

In summary, TIGIT is upregulated in colorectal can-
cer tissues and metastases, especially in CD8+ T cells. 
The expression of TIGIT can not only directly affect the 
secretion of killer cytokines IFN-γ, IL-2, and TNF-α 
from CD8+T cells, but also upregulate the expression of 
PD-1, TIM-3, and LAG-3 on the surface of CD8+T cells. 
The exhaustion of CD8+T cell function causes tumor cell 
immune escape and promotes tumor progression, posi-
tively correlated with the poor prognosis of tumor patients. 
Tumor cells can upregulate the expression of TIGIT by 
secreting TGF-β1 to promote the exhaustion of CD8+T 
cells and promote tumor immune escape. Therefore, TIGIT 
is a potential target for the treatment of colorectal cancer 

Fig. 5   Colorectal cancer promotes TIGIT+CD8+T cell expansion via 
TGF-β1 a. TIGIT expression on CD8+T in different TGF-β1 con-
centrations. n = 3 biologically independent experiments. b. TIGIT 
expression on CD8+T in different TGF-β1 inhibitor (SB431542) 
concentrations with TGF-β1(1  ng/ml). n = 3 biologically independ-
ent experiments. c. Representative contour plots for the percent-
age of TIGIT+CD8+T cells in TGF-β1(1  ng/ml), TGF-β1(1  ng/
ml) + inhibitor(10uM/ml), tumor supernatant, and tumor superna-
tant + inhibitor r(10uM/ml) conditional medium systems. d. Quanti-
fication of FACS analysis for the percentage of TIGIT+CD8+T cells. 
n = 3 biologically independent experiments. e. Representative con-
tour plots for the percentage of IFN-γ+TIGIT+CD8+T cell in TGF-
β1(1  ng/ml), TGF-β1(1  ng/ml) + inhibitor(10uM/ml), tumor super-
natant, and tumor supernatant + inhibitor r(10uM/ml) conditional 
medium systems. f. Quantification of FACS analysis for the per-
centage of IFN-γ+TIGIT+CD8+T cells. n = 3 biologically independ-
ent experiments. Error bars represent mean ± SEM. Two-tailed Stu-
dent’s t test was performed for statistical analysis; ns: not significant; 
*p < 0.05; **p < 0.01; ***p < 0.001; ****P < 0.0001

◂

Fig. 6   Upregulated TIGIT expression is correlated with poor progno-
sis of colorectal cancer a. Low expression pattern of TIGIT in human 
colorectal cancer tissues. Scale bars: 100 × 100 μm, 400 × 20 μm. b. 
High expression pattern of TIGIT in human colorectal cancer tissues. 
Scale bars: 100 × 100 μm, 400 × 20 μm. c. TIGIT protein expression 
in stage I–II and stage III–IV colorectal cancer. stage I–II n = 54, 
stage III–IV n = 85. d. TIGIT protein expression in non-relapse and 
relapsed colorectal cancer. non-relapse n = 94, relapse n = 45. e. 
TIGIT protein expression in survival and dead colorectal cancer 

patients. survival n = 103, dead n = 36. f. ROC of TIGIT expression. 
Analyzed by the log-rank test. g. Kaplan–Meier analysis of relapse-
free survival according to low and high TIGIT protein expression in 
139 colorectal cancer patients. h. Kaplan–Meier analysis of overall 
survival according to low and high TIGIT protein expression in 139 
colorectal cancer patients. Error bars represent mean ± SEM. Two-
tailed Student’s t test was performed for statistical analysis; ns: not 
significant; *:p < 0.05; **:p < 0.01; ***:p < 0.001; ****: P < 0.0001
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and can be regulated through the TGF-β1 pathway. Our 
research provides a theoretical basis for applying TIGIT as 
a potential target of immunotherapy for colorectal cancer.
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