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 Background: This study investigated the correlation of programmed death 1 (PD-1) and T cell immunoglobulin and ITIM do-
main (TIGIT) with clinicopathological characteristics of renal cell carcinoma (RCC) and explored the biological 
roles of both proteins in the development, metastasis, and invasion of RCC.

 Material/Methods: The expressions of PD-1 and TIGIT were detected in the RCC and adjacent normal tissues, and their correlation 
with the clinicopathological characteristics of RCC, relationship between PD-1 and TIGIT in RCC, and the corre-
lation of PD-1 and TIGIT expression with distance of adjacent normal tissues to RCC were further evaluated.

 Results: TIGIT and PD-1 expression was detectable in the immune cells of peripheral blood mononuclear cells and lym-
phoid tumor infiltrating lymphocytes, and TIGIT expression was significantly higher than PD-1 expression in 
the same sample. Cells with transparent cytoplasm were diffuse, and several cells showed dark nuclear stain-
ing with mild atypia; the interstitium was rich in blood vessels and had mild fibrous hyperplasia, and immuno-
fluorescence staining showed cells were positive for TIGIT. The expression of PD-1 and TIGIT was significantly 
different between RCC and adjacent normal tissues (P<0.05). Positive PD-1 expression was closely related to 
tumor size and Fuhrman grade (P<0.05). The expression of TIGIT and PD-1 was related to the distance of ad-
jacent normal tissues to RCC (P<0.05).

 Conclusions: The activation of PD-1 and TIGIT may exert negative regulatory effects and inhibit the immune response to 
cancer cells, resulting in immune escape of cancer cells. Both PD-1 and TIGIT may serve as potential targets for 
the treatment of RCC.
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Background

Renal cell carcinoma (RCC) is a malignancy that originates in 
the epithelial system of the urinary tract in renal parenchyma 
and accounts for 80–90% of renal malignancies. Clear cell RCC 
(ccRCC) is the main pathological type of RCC and accounts for 
about 85% of RCC [1]. RCC is the third most common malig-
nancy of the urinary system [2], and the 5-year survival rate of 
RCC patients is only 12.1%. It has been reported that 342 501 
patients were diagnosed with RCC between 2001 and 2010 in 
the USA and its incidence is still increasing [3,4]. Surgery is still 
an effective treatment for RCC, but 20–30% of RCC patients de-
velop recurrence within 3 years [5,6]. The lungs are the most 
common site of metastasis of RCC [7]. Moreover, RCC is gener-
ally insensitive to traditional chemotherapeutics, and patients 
with advanced RCC usually have an extremely poor prognosis.

Immune therapy uses the immune system to defend against 
cancer. It has become a focus in the field of cancer treatment. 
In 2013, immune therapy was acclaimed at the foremost sci-
entific breakthrough by the journal Science [8].

Programmed death 1 (PD-1) belongs to the CD28/CTLA-4 fam-
ily. It is a type I transmembrane glycoprotein composed of 288 
amino acids and belongs to the immunoglobulin superfamily. 
PD-1 is expressed on T cells, B cells, natural killer cells, mono-
cytes, and dendritic cells (DC) [9]. PD-1 can bind to its ligand 
PD-L1 to inhibit T cell-mediated cellular immunity. Thus, the 
activation of PD-1/PD-L1 in cancer may exert negative regula-
tory effects and inhibit the immune response to cancer cells, 
which is an important mechanism underlying the immune es-
cape of cancer cells [10].

T cell immunoglobulin and ITIM domain (TIGIT) is a new im-
mune molecule identified in recent years; it has an immuno-
globulin-like domain, a transmembrane region, and an immuno-
receptor protein tyrosine inhibitory motif (ITIM) (Figure 1) [11]. 
TIGIT belongs to the poliovirus receptor (PVR)/desmin fami-
ly and a subgroup of the immunoglobulin superfamily. TIGIT 
and its ligand are highly expressed in some cancers, includ-
ing colorectal cancer, gastric cancer, and neuroblastoma [12], 
and are involved in the tumor immune cycle at different levels. 
However, no study has reported the role of TIGIT in human RCC.

In the present study, 60 patients with ccRCC were recruited. 
The tumor infiltrating lymphocytes (TIL) were detected, and 
then biotin-streptavidin analysis and flow cytometry were used 
to detect NK cells, NKT, CD4+ T cells, and CD8+ T cells in the 
ccRCC. Finally, immunohistochemistry was done with Elivision 
method to detect the PD-1 and TIGIT expression in the ccRCC 
and adjacent normal tissues. This study investigated the corre-
lation of PD-1 and TIGIT expression with the clinicopathological 
characteristics of ccRCC (such as grade, stage, and metastasis) 

and with the distance of adjacent normal tissues to ccRCC (0.5 
cm, 1.0 cm, and 2.0 cm). These findings may inform the clini-
cal diagnosis, extent of surgical resection, prognosis determi-
nation, and target therapy of ccRCC patients.

Material and Methods

Sample collection

This study was approved by the Ethics Committee of the Chinese 
PLA General Hospital (2015-I-1). ccRCC tissues (n=60) were col-
lected from patients who received radical surgery for RCC and 
were pathologically diagnosed with ccRCC after surgery between 
June 2015 and July 2017. The adjacent normal tissues were also 
harvested and confirmed to have no invasion of cancer cells. In 
addition, normal renal tissues were collected from 5 patients 
without malignancies (kidney trauma or kidney stones). The 
medical histories were complete. Patients did not receive ra-
diotherapy, chemotherapy, or biological therapy before surgery. 
Post-operative pathology and imaging examination were used 
to determine the clinical stage and metastasis. HE staining was 
done in renal tissues for further validation of clinical staging.

In 60 patients with ccRCC, there were 38 males and 22 fe-
males. The median age was 55.6 years (range: 25–76 years). 
In addition, 26 patients were no older than 50 years and 34 
were older than 50 years. The median tumor diameter was 
4.7 cm (range: 1.2–13.0 cm). Moreover, the tumor diameter was 
£4.0 cm in 27 patients and >4.0 cm in 33 patients. According 
to the Fuhrman grading system (WHO, 1997), high differen-
tiation was noted in 45 cases, intermediate differentiation in 
10, and poor differentiation in 5. According to the AJCC clini-
cal staging system (2010), stage I ccRCC was found in 40 cas-
es, stage II in 16, and stage III in 4 (Table 1).

Immunofluorescence staining

The ccRCC tissues and adjacent normal tissues were collect-
ed, embedded in paraffin, and sectioned (4-μm). Sections were 
heated at 70°C for 2 h and the allowed to cool to room tem-
perature. Then, sections were deparaffinized in xylene for 3 
min and degreased in 100%, 95%, 85%, and 75% ethanol (3 
min for each). The sections were washed in flowing water and 
then in PBS 3 times (2 min each). After antigen retrieval in cit-
ric acid buffer for 10 min in a microwave oven, the sections 
were allowed to cool to room temperature within 1–2 h. After 
washing in PBS 3 times (2 min each), sections were treated 
with 3% hydrogen peroxide to inactivate endogenous peroxi-
dase in the dark at room temperature for 15 min. After wash-
ing in PBS 3 times (2 min each), sections were incubated with 
primary antibody at 4°C overnight and then in secondary an-
tibody for 1 h, followed by DAB staining.
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Figure 1.  Structure of TIGIT-PVR complex. TIGIT contains immunoglobulin-like domain, transmembrane region, and immunoreceptor 
protein tyrosine inhibitory motif; it is polyomavirus receptor/desmin and is a subgroup of the immunoglobulin superfamily. 
(A) TIGIT IgV domain (gold) in the complex with PVR D1 domain (blue) and sugar moieties (red). The TIGIT/PVR interface 
shows a conserved lock-and-key (B) interaction between 2 molecules. The “lock” is formed by the AX6G motif, and the 
“key” is formed by the corresponding T(Y/F)P motif on the neighboring molecule. The “key” residues Tyr113 and Phe128 in 
the conserved TIGIT motif TYP and the PVR motif TFP are labeled. Both (V/I) and (S/T)Q motifs also locate in the complex 
interface. (C) The “key” formed by Tyr113 in TIGIT and the lock formed by the AX6G motif of PVR. (D) The “key” formed by 
Phe128 on PVR and the lock formed by the AX6G motif of TIGIT.
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PAS staining: sections were treated with periodic acid for 10 
min, Schiff solution for 15–30 min in the dark, and hematox-
ylin for nuclear staining. After dehydration and transparentiz-
ing, sections were mounted with neutral resin.

Flow cytometry

ccRCC tissues and peripheral blood were collected from ccRCC 
patients. Myeloid cells and TILs were collected from cancer tis-
sues. The cancer tissues were ground and digested with col-
lagenase, and then cells were re-suspended in PBS. After fil-
tration through a 70-μm mesh, PBS was added to the filtrate 
until the volume was 30 ml. Then, the filtrate was added into 
a 50-ml centrifuge tube containing 15-ml lymphocyte separa-
tion fluid, followed by density gradient centrifugation for 20 
min. The middle white blood cell layer was carefully collected 
and transferred into a tube containing PBS, followed by centrif-
ugation. The supernatant was removed and TILs were harvest-
ed. Cells were re-suspended in PBS and counted. The periph-
eral blood underwent the same procedures for the collection 
of PBMC. Cells were subjected to Fixable Viability Dye eFlu-
or 506 staining. Cells were washed 20 min later and surface 
molecules were stained for 20 min according to the following 

procedures: after staining, cells were washed, and then re-sus-
pended in FACS buffer, followed by flow cytometry (Fortessa). 
The cells were detected as much as possible. Analysis of data 
was done with FlowJo software.

Immunohistochemistry with Elivision method

Sections were deparaffinized twice in xylene (10 min each) 
and then rehydrated in 100% ethanol for 2 min, 95% ethanol 
for 2 min, 80% ethanol for 2 min, 70% ethanol for 2 min, tap 
water for 5 min, and distilled water for 5 min. Then, sections 
were treated with 30% H2O2 for 10 min at room temperature 
to block endogenous peroxidases. After washing in distilled 
water for 5 min and in PBS for 5 min, antigen retrieval was 
done in a microwave oven twice (5 min for each). Then, the 
sections were allowed to cool to room temperature within 20 
min and subsequently treated with 10% normal goat serum 
in PBS for 1 h at 37°C. Sections were incubated with prima-
ry antibody (anti-human TIGIT/VSTM3 antibody) in PBS over-
night at 4°C. After washing 3 times with PBS (5 min each), sec-
tions were incubated with HRP-conjugated secondary antibody 
(goat anti-rabbit IgG) in PBS for 30 min at 37°C. After wash-
ing in PBS 3 times (3 min for each), visualization was done 
with DAB, and then the sections were gently rinsed with tap 
water for about 1–2 min. Counterstaining was done with he-
matoxylin, followed by incubation twice with 100% ethanol (2 
min each) and xylene twice (5 min each). Sections were finally 
mounted with neutral resin. The staining was evaluated by 2 
experienced pathologists in a blind manner and any discrep-
ancies were resolved by negotiation. To determine the number 
of positive cells, sections were first observed at low magnifi-
cation. Then, at high magnification (×400), positive cells were 
counted in 5 randomly selected fields, and a mean was calcu-
lated. The mean number of positive cells was determined in 
60 patients, and expression levels were classified as strongly 
positive (+++), positive (++), weakly positive (+), and negative 
(–) according to the number of positive cells.

Statistical analysis

Statistical analysis was performed with SPSS version 20.0 for 
Windows and the chi-square test was used for comparison, de-
pending on the distribution of data. The correlation between 
PD-1 expression and TIGIT expression in ccRCC was evaluat-
ed with Spearman rank correlation analysis. The correlation 
of PD-1 and TIGIT expression with distance of adjacent nor-
mal tissues to ccRCC (0.5, 1.0, and 2.0 cm) was evaluated with 
the Kruskal-Wallis H test. Paired comparisons were done with 
the Wilcoxon rank sum test. A value of P<0.05 was considered 
statistically significant with a at 0.05.

Variable n Proportion (%)

Age (year)

 £50 26 43.3

 >50 34 56.7

Sex

 Male 38 63.3

 Female 22 36.7

Tumor diameter (cm)

 £4.0 27 45.0

 >4.0 33 55.0

Fuhrman grade

 Well differentiated 45 75.0

 Intermediately differentiated 10 16.7

 Poorly differentiated 5 8.3

TNM stage

 Stage I 40 66.7

 Stage II 16 26.7

 Stage III 4 6.6

 Stage IV 0 0.0

Table 1. Clinical characteristics of 60 patients with ccRCC.
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Results

TIGIT and PD-1 expression

The TILs were successfully separated from ccRCC tissues and 
included B cells, T cells (CD4+T cells and CD8+T cells), NK cells, 
NKT cells, and Treg cells (Figure 2). In the lymphoid TILs and 
PBMCs, TIGIT expression was detected (Figure 3) and com-
pared with the PD-1 expression in TILs and PBMCs (Figure 4). 
Results showed TIGIT expression was significantly higher than 
PD-1 expression in the same sample.

Pathological results

The cancer tissues were subjected to pathological examina-
tion after HE staining (Figure 5). Under a light microscope, cells 

with transparent cytoplasm were diffuse with clear boundary, 
the small and round nucleus was localized at the center of a 
cell, few cells displayed atypia, and several cells showed dark 
staining with mild atypia. The interstitium was rich in blood 
vessels with mild fibrous hyperplasia. Immunofluorescence 
staining was also performed and indicated positive TIGIT ex-
pression (Figure 6).

PD-1 expression in ccRCC and adjacent normal tissues

PD-1 expression was mainly found in interstitial lympho-
cytes; the majority of PD-1 expression was noted in the cyto-
plasm, and several cells showed PD-1 expression on the cell 
membrane. In 60 ccRCC tissues, positive PD-1 expression was 
found in 22 tissues, with a positive rate of 36.7% (22/60). In 
adjacent normal tissues, positive PD-1 expression was noted 
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Figure 2.  Flow cytometry of lymphocytes in ccRCC. The TILs were separated from ccRCC, including B cells, T cells (CD4+T cells and 
CD8+T cells), NK cells, NKT cells, and Treg cells. The proportion of TILs increased significantly, especially the proportion of 
CD8+T cells.
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in 9 tissues, with a positive rate of 15.0% (9/60). The chi-
square test indicated significant differences in the PD-1 posi-
tive rate between ccRCC tissues and adjacent normal tissues 
(P=0.007<0.05) (Table 2).

Correlation of PD-1 expression in ccRCC with 
clinicopathological characteristics

The positive PD-1 expression had no relationship with age, 
sex, or TNM stage (P>0.05), but was closely correlated to tu-
mor diameter and Fuhrman grade (P<0.05). The PD-1 positive 
rate in patients with tumor diameter >4.0 cm (48.5%) was sig-
nificantly higher than in those with tumor diameter £4.0 cm. 
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Figure 3.  TIGIT expression on lymphocytes. TIGIT expression on TILs and PBMC (CD8+T, CD4+T, NK, and NKT). TIGIT expression in these 
cells was significantly higher than PD-1 expression.
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Figure 4.  PD-1 expression on lymphocytes. PD-1 expression on TILs and PBMC (CD8+T, CD4+T, NK, and NKT). PD-1 expression in these 
cells was significantly lower than TIGIT expression.
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Figure 5.  HE staining of ccRCC (×400). The majority of cells 
showed transparent cytoplasm with clear boundary, 
the small and round nucleus localizes at the center in 
most cells, few cells showed atypia, and several cells 
showed dark nuclear staining with mild atypia. The 
interstitium was rich in blood vessels and mild fibrous 
hyperplasia was observed.

Figure 6.  TIGIT expression in ccRCC. TIGIT expression was detectable in ccRCC, and confocal microscopy showed TIGIT expression on 
CD45-positive cells.
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Moreover, the PD-1-positive rate in patients with highly differen-
tiated ccRCC (28.9%) was significantly lower than in those with 
poorly differentiated ccRCC (80.0%) according to the Fuhrman 
grading system (P=0.040<0.05), but a marked difference was 
not observed between any other 2 groups (P>0.05) (Table 3).

TIGIT expression in ccRCC and adjacent normal tissues

TIGIT was mainly expressed on T cells and NK cells. In 60 
ccRCC tissues, TIGIT-positive expression was found in 45 tis-
sues, with a positive rate of 75% (45/60). In 60 adjacent nor-
mal tissues, the TIGIT-positive rate was 48.3% (29/60). The 
chi-square test showed a significant difference in the TIGIT-
positive rate between ccRCC tissues and adjacent normal tis-
sues (P=0.003<0.05) (Table 4).

Correlation of TIGIT expression in ccRCC with 
clinicopathological characteristics

The TIGIT-positive rate had no relationship with age, sex, tu-
mor diameter, Fuhrman grade, or TNM stage (P>0.05) (Table 5).

Correlation between PD-1 and TIGIT in ccRCC

In 60 ccRCC tissues, 18 were positive for both PD-1 and TIGIT 
and 11 were negative for both PD-1 and TIGIT; 4 tissues were 
positive for PD-1 but negative for TIGIT; and 27 tissues were 
negative for PD-1 but positive for TIGIT. Spearman rank cor-
relation analysis showed there was no significant correlation 
between PD-1 and TIGIT in ccRCC (r=0.120, P=0.362>0.05) 
(Table 6).

Sites Positive Negative Total Positive rate (%)

ccRCC 22 38 60 36.7

Adjacent normal tissues 9 51 60 15.0

Total 31 89 120 25.8

Table 2. PD-1 expression in ccRCC and adjacent normal tissues.

c2=7.350, P=0.007.

n
PD-1 Positive 

rate (%)
P

– + ++ +++

Age (year) 0.428

 £50 26 15 7 4 0 42.3

 >50 34 23 9 1 1 32.4

Sex 0.282

 Male 38 26 9 2 1 31.6

 Female 22 12 7 3 0 45.5

Tumor diameter (cm) 0.036

 £4.0 27 21 4 2 0 22.2

 >4.0 33 17 10 5 1 48.5

Fuhrman grade 0.047

 Well differentiated 45 32 9 4 0 28.9

 Intermediately differentiated 10 5 1 3 1 50.0

 Poorly differentiated 5 1 1 2 1 80.0

TNM stage 0.071

 Stage I 40 29 8 3 0 27.5

 Stage II 16 8 3 4 1 50.0

 Stage III 4 1 1 1 1 75.0

Table 3. Correlation of PD-1 expression in ccRCC with clinicopathological characteristics.

Chi-square test with continuity correction: P<0.05.
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Correlation of PD-1 expression with distance to ccRCC

The PD-1 expression was related to the distance of adjacent 
normal tissues to ccRCC (P=0.000<0.05). Paired comparisons 
showed no significant difference in PD-1 expression between 

Sites Positive Negative Total Positive rate (%)

ccRCC 45 15 60 75.0

Adjacent normal tissues 29 31 60 48.3

Total 74 46 120 61.7

Table 4. TIGIT expression in ccRCC and adjacent normal tissues.

c2=9.025, P=0.003.

n
PD-1 Positive 

rate (%)
P

– + ++ +++

Age (year) 0.367

 £50 26 8 10 6 2 69.2

 >50 34 7 15 7 5 79.4

Sex 0.757

 Male 38 10 10 9 9 73.7

 Female 22 5 7 6 4 77.3

Tumor diameter (cm) 0.178

 £4.0 27 9 4 10 4 66.7

 >4.0 33 6 12 8 7 81.8

Fuhrman grade 0.551

 Well differentiated 45 13 17 10 5 71.1

 Intermediately differentiated 10 1 1 5 3 90.0

 Poorly differentiated 5 1 1 1 2 80.0

TNM stage 0.341

 Stage I 40 12 11 13 4 70.0

 Stage II 16 3 3 4 6 81.3

 Stage III 4 0 1 1 2 100.0

Table 5. Correlation of TIGIT expression in ccRCC with clinicopathological characteristics.

Chi-square test with continuity correction: P<0.05.

PD-1
TIGIT Total

+ –

+ 18 4 22

– 27 11 38

Total 45 15 60

Table 6. Correlation between PD-1 and TIGIT in ccRCC.

r=0.120, P=0.362.

ccRCC and interface tissues, between ccRCC and 0.5-cm tissues, 
or between interface tissues and 0.5-cm/1.0-cm/2.0-cm tissues 
(P>0.05). However, a marked difference in PD-1 expression was 
noted between ccRCC and 1.0-cm tissues (P=0.007<0.05), be-
tween ccRCC and 2.0-cm tissues (P=0.000<0.05), between in-
terface tissues and 1.0-cm tissues (P=0.001<0.05), between 
interface tissues and 2.0-cm tissues (P=0.000<0.05), between 
0.5-cm tissues and 1.0-cm tissues (P=0.019<0.05), and between 
0.5-cm tissues and 2.0-cm tissues (P=0.000<0.05) (Table 7).

Spearman rank correlation analysis of PD-1 expression with 
distance of adjacent normal tissues to ccRCC showed that the 
PD-1 expression was closely related with the distance of adja-
cent normal tissues to ccRCC: longer distance was associated 
with lower PD-1 expression and PD-1-positive rate.
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Correlation of TIGIT expression with distance to ccRCC

The TIGIT expression was correlated to the distance to ccRCC 
(P=0.000<0.05). Paired comparisons showed no significant dif-
ference in TIGIT expression between ccRCC and interface tis-
sues, between interface tissues and 0.5-cm tissues, and be-
tween 0.5-cm tissues and 1.0-cm tissues (P>0.05). However, 
marked differences in TIGIT expression were noted between 
ccRCC and 0.5-cm tissues (P=0.008<0.05), between ccRCC and 
1.0-cm tissues (P=0.000<0.05), between ccRCC and 2.0-cm tis-
sues (P=0.000<0.05), between interface tissues and 1.0-cm 
tissues (P=0.043<0.05), between interface tissues and 2.0-cm 
tissues (P=0.000<0.05), between 0.5-cm tissues and 2.0-cm 
tissues (P=0.003<0.05), and between 1.0-cm tissues and 2.0-
cm tissues (P=0.013<0.05) (Table 7).

Spearman rank correlation analysis of TIGIT expression with 
distance of adjacent normal tissues to ccRCC showed that the 
TIGIT expression had a close relationship with the distance of 
adjacent normal tissues to ccRCC: a longer distance was associ-
ated with lower TIGIT expression and lower TIGIT-positive rate.

In ccRCC, positive PD-1 expression was significantly lower than 
TIGIT (36.7% vs. 75%, P<0.001). In interface tissue, positive 
PD-1 expression was significantly lower than TIGIT (41.7% vs. 
65%, P=0.010<0.05). In 0.5-cm tissues, positive PD-1 expres-
sion was significantly lower than TIGIT (33.3% vs. 51.7%, P=0. 
042<0.05). In 1.0-cm tissues, positive PD-1 expression was sig-
nificantly lower than TIGIT (15.0% vs. 46.7%, P<0.001). In 2.0-
cm tissues, positive PD-1 expression was significantly lower 
than TIGIT (5% vs. 25%, P=0.002<0.05).

Discussion

The occurrence, development, and metastasis of RCC are regu-
lated by multiple genes and involve multiple factors at different 
levels. With the rapid development of genomics, proteomics, 
and metabolomics, the gene variations related to tumorigene-
sis of tubular epithelial cells have been further elucidated and 
more pathways involved in this process have been identified, 
which provide evidence for the development of methods for 
diagnosis and treatment of RCC [13].

In this study, immunofluorescence staining, flow cytometry, 
and immunohistochemistry were employed to detect the ex-
pression of PD-1 and TIGIT in ccRCC and adjacent normal tis-
sues. The correlation of PD-1 and TIGIT expression with clinico-
pathological characteristics of ccRCC, the correlation between 
PD-1 and TIGIT, and the correlation of PD-1 and TIGIT expres-
sion with distance to ccRCC were further evaluated. Our find-
ings indicate PD-1 and TIGIT expression are closely related to 
the occurrence, development, and outcome of RCC.

PD-1 pathway activation in cancer may exert negative regu-
latory effects and can inhibit the immune response to cancer 
cells, which is an important mechanism underlying immune 
escape of cancer cells. The poor therapeutic efficacy might be, 
at least partially, ascribed to the inhibitory pathways, including 
the PD-1 pathway. Thus, block these inhibitory pathways (such 
as the PD-1 pathway) may be a good way to reduce the inhib-
itory immune regulation and indirectly strengthen the anti-tu-
mor immunity. To date, antibodies targeting PD-1 approved by 
the FDA of USA include nivolumab (Opdivo; US Bristol-Myers 
Squibb Company; humanized IgG4 monoclonal antibody) and 
pembmlizumab (Keytmda, Merck USA; humanized IgG4 mono-
clonal antibody). Topalian et al. [14] published a phase I clini-
cal trial on nivolumab in the New England Journal of Medicine 

Level
Positive rate (%) c2 P value

– 1+ 2+ 3+

ccRCC
PD-1 38 15 6 1 36.7

17.88 <0.001
TIGIT 15 18 17 10 75.0

Interface tissues
PD-1 35 14 10 1 41.7

6.56 0.010
TIGIT 21 17 14 8 65.0

0.5-cm tissues
PD-1 40 12 6 2 33.3

4.13 0.042
TIGIT 29 15 10 6 51.7

1.0-cm tissues
PD-1 51 8 1 0 15.0

14.11 <0.001
TIGIT 32 13 10 5 46.7

2.0-cm tissues
PD-1 57 3 0 0 5.0

9.41 0.002
TIGIT 45 12 2 1 25.0

Table 7. Correlation of PD-1 and TIGIT expression with distance to ccRCC.
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in 2012, in which 296 patients with different cancers were re-
cruited (including 33 patients with RCC). Patients were intra-
venously injected with nivolumab, and results showed the ob-
jective remission rate (CR+PR) was 27% and the safety was 
good. Motzer et al. [15] conducted a phase II clinical trial on 
nivolumab in which 168 patients developing metastatic re-
nal clear cell carcinoma after targeted therapy were recruit-
ed. Results showed the objective remission rate was 21%, an 
additional 41% of patients showed stable disease, 54% of pa-
tients with objective remission showed effectiveness longer 
than 12 months, the safety was favorable, and the incidence 
of grade 3/4 adverse effects was 11%. Motzer et al. [16] pub-
lished a phase III clinical trial in the New England Journal of 
Medicine in which the therapeutic efficacy was compared be-
tween nivolumab and everolimus in patients with advanced 
RCC. In that study, 821 patients with advanced ccRCC were re-
cruited, and results showed the median OS was 25.0 months 
in the nivolumab group, which was significantly longer than 
in the everolimus group (19.6 months), the RR of death was 
0.73, showing better survival in nivolumab group, and the ob-
jective remission rate was 25% and 5% in the nivolumab group 
and everolimus group, showing a significant difference. This 
phase III study further confirms anti-PD-1 treatment is effec-
tive and safe for patients with advanced RCC. On the basis of 
findings from phase I, phase II, and phase III studies, the ther-
apeutic efficacy and safety of nivolumab treatment are favor-
able for RCC patients, but a clear dose-response relationship 
has not been established. This indicates that the PD-1 path-
way is only a tip of the iceberg in the target anti-tumor thera-
py [17]. Of note, the effectiveness of anti-CTLA-4 and anti-PD-1 
treatment is not observed in all types of cancers but is mainly 
found in those with some solid cancers [18]. In respect to co-
expression of other molecules with PD-1/PD-L1 in the tumor 
microenvironment, it is necessary to investigate the specific 
mechanisms underlying the immune escape of cancer cells in 
a specific cancer. The present study focused on TIGIT as a po-
tential target for the RCC treatment.

TIGIT is a new immunomodulatory molecule and has the fol-
lowing characteristics: (1) TIGIT is an immunosuppressive mol-
ecule of effector T cells and can antagonize the CD226 mediat-
ed costimulatory signals. TIGIT is mainly expressed on activated 
memory CD4+CD45RO+ cells, but not on naive CD4+CD45RO-T 
cells [19]. Kuchroo et al. [19] found TIGIT was able to reduce the 
threshold of T cell activation. Further gene microassay showed 
activation of TIGIT on T cells could down-regulate the expres-
sion of molecules related to TCR/CD28 activation and the cy-
cle progression was then inhibited. This suggests that there 
is a TIGIT-mediated mechanism in T cells contributing to the 
negative regulation of immunity. (2) TIGIT is a marker of hu-
man Treg cells. Foxp3 is a specific transcription factor related 
to Treg related cell development and function. It can activate 
the transcription of immune inhibitory genes such as CTLA-4 

and also inhibit the transcription of immune activation genes 
such as IL-2 and IFN-r. In recent years, studies revealed there 
is a binding site of Foxp3 in the promoter of the human TIGIT 
gene [20]. There is evidence showing TIGIT is a marker differ-
entiating nTreg cells and effector T cells activated in vitro. (3) 
TIGIT is a co-inhibitory molecule of NK cells. As in T cells, NK 
cells also express CD226 and TIGIT, which are 2 molecules that 
act as co-stimulatory and co-inhibitor signals, respectively, to 
regulate the activation of NK cells. In addition, CD155/CD226 
and CD112/CD226 can provide activation signals, but CD155/
TIGIT and CD112/TIGIT provide inhibitory signals. After CD155 
stimulates human NK cells, the Tyr225 close to the ITIM mo-
tif in the tail of TIGIT in the cytoplasm is phosphorylated and 
then binds to adapter protein Grb2. Subsequently, SH2 (Src 
homology 2)-containing inositol phosphatase-1 (SHIP1) is re-
cruited to stop the PI3K and MAPK signaling, resulting in the 
inhibition of NK cell functions [21]. (4) TIGIT may also affect 
DCs. CD155 on DCs may serve as a ligand to TIGIT. TIGIT may 
phosphorylate the intracellular segment of CD155 to activate 
MAPK Erk pathway, which regulates the cytokine secretion of 
DCs (increase in IL-10 and reduction in IL-12). After TIGIT-Fc 
treatment, the ability of DCs to stimulate the proliferation of T 
cells is compromised [19]. (5) TIGIT may also affect the follic-
ular helper T cells (Tfh). Recent studies indicate that Tfh cells 
have a high expression of TIGIT but have no CD226 expression, 
while FDCs show high CD155 expression. TIGIT/CD155 may me-
diate the adhesion between Tfh cells and FDC. This indicates 
that the expression of TIG1T/CD226 changes dynamically in 
the differentiation of Th cells into different cell subsets [22].

Conclusions

Great progress has been achieved in the PD-1/PD-L1 pathway-
related target therapy of RCC, and the favorable disease control 
rate provides new promise for the treatment of advanced RCC. 
This study for the first time investigated the TIGIT expression 
in RCC and its relationship with clinicopathological character-
istics, Fuhrman grade, and TNM stage of RCC, and this infor-
mation was compared with that of the PD-1/PD-L1 pathway. 
We speculate that TIGIT is an important immune binding mol-
ecule involved in the immune regulation of cancer and may 
become a potential target for the ccRCC treatment. In future 
studies, the influence of TIGIT on the CD8/CD4 ratio, number 
and proportion of Treg cells, and ratio of MDSC as well as on 
other immune binding molecules will be investigated, its influ-
ence on CTL activity (such as Granzyme B/Perforin, IFN-g and 
TNF-a) will be elucidated, as will the role of the TIGIT signal-
ing pathway in the regulation of RCC growth. Moreover, the 
relationship between differentially expressed genes deter-
mined by RNAseq and TIGIT pathway should be further con-
firmed. These investigations may provide theoretical evidence 
for the design and screening of targets for pharmacotherapy 
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of RCC and their clinical application. We also intend to focus 
the mechanism of the TIGIT signaling pathway in ccRCC im-
mune regulation, including correlation of TIGIT with RNAseq 
expression of different immune cells, expression of the TIGIT 
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