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ABSTRACT
The prognosis of hepatocellular carcinoma (HCC) is extremely poor, of which hepatitis B virus-related 
hepatocellular carcinoma (HBV-HCC) accounts for the majority in China. Immune checkpoint inhibitors 
have become an effective immunotherapy method for the treatment of HCC, but they are mainly used for 
T cells. NK cells play a vital role as the first line of defense against tumors. Therefore, we explored the 
characteristic expression pattern of immune checkpoints on NK cells of HBV-HCC patients. We analyzed 
the correlation between the co-expression of TIGIT and TIM-3 and the clinical progress of patients with 
HBV-HCC. The co-expression of TIGIT and TIM-3 on NK cells is elevated in patients with HBV-HCC. 
TIGIT+TIM-3+NK cells showed exhausted phenotypic characteristics and displayed dysfunction manifested 
as weakened killing function, reduced cytokine production, and proliferation function. TIGIT+TIM-3+NK 
cells participate in NK cells function exhaustion and are closely related to the disease progression of 
patients with HBV-HCC, suggesting a new target for future immunotherapy.
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Background

Hepatocellular carcinoma (HCC) is a common malignant 
tumor. According to the latest global cancer statistics in 2020, 
the mortality rate of HCC ranks third among global cancer.1 In 
China, more than 80% of patients with HCC are induced by 
chronic hepatitis B virus (HBV) infection.2–4 Therefore, HBV 
infection is the most critical cause of HCC, and the high 
incidence and mortality rates of HBV related hepatocellular 
carcinoma (HBV-HCC) have always been the focus of 
research.

Liver is the dominant organ of natural immunity, which 
contains a large number of natural killer (NK) cells. NK cells 
mediate immune surveillance and immune clearance functions 
in cancer.5,6 In various malignant tumors such as lung cancer,7 

breast cancer,8 head and neck cancer,9 and liver cancer,10 NK 
cells are immunosuppressed under the influence of the tumor 
microenvironment, which is an important cause of tumor 
progression and metastasis. Significantly elevated levels of 
inhibitory receptors mediate NK cell immunosuppression 
and exhaustion in liver cancer and other cancers,11,12 such as 
T-cell immunoglobulin and immunoreceptor tyrosine–based 
inhibitory motif (ITIM) domain (TIGIT), Natural killer group 
2 member A(NKG2A), T cell immunoglobulin domain and 
mucin domain protein-3 (TIM-3) and programmed cell 
death-1 (PD-1).13–15 Compared with other organs, the normal 

liver is rich in a large number of NK cells. The enhanced 
activity of NK cells plays a vital role in the immune surveillance 
of HCC, which may be mediated by the production of perforin, 
Granzyme, and IFN-γ.6 Meanwhile, the significant increase in 
the level of inhibitory receptors, the suppression of such NK 
cells is significantly associated with the progression of HCC.16

The inhibitory receptor TIGIT is considered as an immune 
checkpoint that mainly mediates T cell exhaustion.17 

Moreover, in tumor-bearing mice and colon cancer patients, 
blocking TIGIT can reverse NK cell exhaustion and promote 
NK cell’s immune anti-tumor function.13 Recent studies have 
shown that TIM-3 is a marker of NK cell activation and 
exhaustion.18,19 The up-regulation of TIM-3 expression inhi
bits the cytotoxicity of NK cells in CHB patients, suggesting 
that TIM-3 may mediate the NK cell’s exhaustion function in 
CHB patients.20 We identify a two-parameter biomarker for 
the detection of HBV-HCC progression from numerous co- 
inhibitory molecules. The two-parameter biomarker, the co- 
expression of TIGIT and TIM-3, was positively correlated with 
tumor progression and significantly associated with the poor 
clinical prognosis of HCC patients. TIGIT and TIM-3 syner
gistically mediate the exhaustion of NK cells in HBV-HCC 
patients. More importantly, the level of TIGIT+TIM-3+NK 
cells significantly correlated with the poor clinical prognosis 
in HBV-HCC patients.
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Materials and methods

Patients

Peripheral blood samples were collected from 133 patients with 
HBV-HCC, 25 patients with HBV-LC, 23 patients with CHB, 
and 32 healthy donors by Center for Integrative Medicine, 
Beijing Ditan Hospital, Capital Medical University (Beijing, 
China). This study is in accordance with the Declaration of 
Helsinki and has been approved by the ethical committee of 
Beijing Ditan Hospital, and each individual provides informed 
consent.

We reviewed the data according to the 2019 China guide
lines to confirm HCC diagnosis.21 Moreover, patients with 
HBV-HCC were defined as positive serum for the hepatitis 
B surface antigen (HBsAg ≥ 6 months) and conformed to the 
HCC diagnosis. All patients had no HIV, HCV infection, no 
hepatitis caused by non-phagocytic hepatitis, and no metastatic 
liver cancer. The diagnostic criteria for HBV-LC are imple
mented in accordance with the diagnostic criteria in the 
“Guidelines for the Diagnosis and Treatment of Liver 
Cirrhosis” (2019 Edition) formulated by the Liver Disease 
Branch of the Chinese Medical Association: the diagnosis cri
teria of chronic hepatitis B have been previously diagnosed, 
and the liver cirrhosis can be divided into compensatory stage, 
decompensated stage, recompensation stage and liver cirrhosis 
reversion stage.22 The clinical characteristics of enrolled all 
populations have been summarized in Table 1.

Sample collection and PBMC isolation

In this study, 5 ml of peripheral blood from all the population 
was collected, placed in EDTA anticoagulant blood collection 
tube. The procedure for isolating peripheral blood mononuc
lear cells (PBMC) is shown here.23

Multi-parametric flow cytometric analysis

NK cell-surface markers were used the following reagents for 
multi-parametric flow cytometric: anti-humanCD3-BV786 
(clone SK7; 563800), anti-CD19-APC-H7 (clone SJ25C1; 
560177), anti-CD14-BV650 (clone M5E2; 563419), anti-CD56- 
BV510 (clone HCD56; 318340), anti-CD16-BV711 (clone 3G8; 
563127), anti-TIGIT-PE-CY7 (clone MBSA43; 25–9500-42), 

anti-TIM-3-FITC (clone F38-2E2; 11–3109-42), anti-PD-1-PE 
(clone EH12.2H7; 329906), anti-CD39-APC (clone A1; 
328210), anti-LAG-3-AF700 (clone T47-530; 565775), anti- 
BTLA-PE-CY7 (clone MIH26; 344515), anti-CD160-FITC 
(clone BY55; 562351), anti-2B4-BV421 (clone 2–69; 565750), 
and the corresponding isotype controls.

Detection of NK cytokine secretion function: PBMC were 
isolated from peripheral blood of patients with HBV-HCC, and 
then stimulated with stimulant system, including IL-12 
(100 ng/ml), IL-15 (20 ng/ml), IL-18 (100 ng/ml), 1 μl of BD 
GolgiPlug™ (1 ml, cat 555029) and anti-CD107a-BUV395 
(clone H4A3; 565113), incubated in 37°C and 5% CO2 incu
bator for 4 hours. Cells were washed in PBS, the extracellular 
stained with CD3, CD14, CD19, CD56, CD16, TIGIT and 
TIM-3 antibodies, respectively, add 100 μl of reagent A for 
cell fixation, and then add 50 μl of reagent B solution for cell 
permeabilization (BD IntraSure Kit), further the intracellular 
stained with anti-IFN-γ-AF700 (clone 4S.B3; 56–7319-42) and 
anti-TNF-α-BV421 (clone MAb11; 502932) antibodies.

NK cell transcription factor expression analysis: PBMC 
were isolated from peripheral blood of patients with HBV- 
HCC. Cells were washed in PBS, the extracellular stained 
with CD3, CD14, CD19, CD56, CD16, TIGIT, and TIM-3 
antibodies, respectively, adding TF Fix/Perm Working 
Solution for cell fixation and permeabilization and then add 
TF Perm/Wash Working Solution to serve as an antibody 
diluent and cell wash buffer (BD pharmingen™ Kit). 
Intracellular standing with anti-T-bet-BV421 (clone O4-46; 
563318), anti-Eomes-PE (clone WD1928; 12–4877-41) and 
anti-Ki67-BV605 (clone Ki-67; 350521) antibiotics were used. 
Use LSR Fortessa flow cytometer to obtain experimental data, 
and then use FlowJo software (Version 10) for analysis.

Statistical analysis

All data were analyzed using GraphPad Prism 5.0 and SPSS 
22.0 statistical software. Fisher’s exact test was used for classi
fication, and t test or nonparametric test was used to evaluate 
continuous variables. For more than two independent samples, 
one-way ANOVA was used by Tukey’s multiple comparison 
test. Mann–Whitney U-test was used to analyze the non- 
normally distributed data. The Kaplan–Meier curve was used 
for survival analysis, and then the log-rank test was used to 
compare survival time of two groups. P values < .05 were 
considered statistically significant.

Results

TIGIT+TIM-3+NK cells expression was elevated in patients 
with HBV-HCC

To evaluate the expression levels of TIGIT and TIM-3, we used 
flow cytometry analysis to detect the respective expression 
levels in healthy donors, CHB, HBV-LC, and HBV-HCC 
patients. The basic characteristics of the four groups were 
presented in Table 1. Firstly, we found that the proportion of 
total NK cell among lymphocytes in HBV-HCC patients was 
significantly decreased than that of healthy donors and CHB 
patients (P < .01), but there was no significant difference 

Table 1. Characteristics of HDs, CHB, HBV-LC, and HBV-HCC patients.

Variables HDs CHB HBV-LC HBV-HCC P values
Case 32 23 25 133 NA
Age(years) 55.6 ± 12.8 35.9 ± 5.6* 55.1 ± 12.6 58.3 ± 11.4 <0.001
Gender 

(male/ 
female)

17/15 14/9 15/10 103/30 0.09

HBVDNA 
(<100/ 
≥100IU/ 
ml)

NA 16/7 22/3 104/29 0.29

HBeAg 
(-/+)

NA 17/6 19/6 108/25 0.65

ALT(U/L) 26.7 ± 9.8 42.4 ± 16.8 33.3 ± 13.4 37.9 ± 40.2 0.26

Abbreviations: NA not applicable, HDs healthy donors, CHB chronic hepatitis B, 
HBV-LC hepatitis B virus-related liver cirrhosis, HBV-HCC HBV-related hepatocel
lular carcinoma, ALT aspartate aminotransferase 

*p value < 0.05 vs HDs, HBV-LC or HBV-HCC group
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between patients with HBV-HCC and patients with HBV-LC 
(Figure 1a, b). Subsequently, we compared the changes in the 
proportions of TIGIT and TIM-3 in the total NK cells and 
subgroups of patients with HBV-HCC compared with healthy 
donors, patients with CHB, and HBV-LC. The expression level 
of TIGIT+ NK cells was elevated in HBV-HCC patients, com
pared with healthy donors, CHB, and HBV-LC patients in total 
NK cells (P < .01) (Figure 1c). The expression level of TIM-3+ 

NK cells was also elevated in HBV-HCC patients, compared 
with healthy donors and CHB patients (P < .001). However, 
there was no statistically significant difference in the expression 

of TIM-3 in total NK cells between HBV-HCC patients and 
HBV-LC patients (Figure 1d). The fluorescence minus one 
(FMO) control of TIGIT+ or TIM-3+ was shown in supple
mentary Figure 1(Supplementary Figures, Figure S1). 
Interestingly, we found that TIGIT and TIM-3 had a certain 
proportion of co-expression; the co-expression level of TIGIT 
and TIM-3 was also significantly increased in HBV-HCC 
patients (P < .01) (Figure 2a, b). At the same time, the expres
sion levels of TIGIT and TIM-3 of total NK cells in HBV-HCC 
patients were significantly positively correlated (r= 0.5218, 
P < .0001) (Figure 2c).

Figure1. Co-expression of TIGIT and TIM-3 is upregulated on NK cells in HBV-HCC patients. a-b The Proportion of total NK cells and NK cell subsets(CD56brightNK cells, 
CD56dimNK cells, and CD56−NK cells) from HBV-HCC (n = 133), compared with HDs (n = 32), CHB (n = 23),and HBV-LC patients (n = 25) by flow cytometry analysis. 
c-d The expression of TIGIT (c) and TIM-3 (d) on total NK cells and NK cell subsets(CD56brightNK cells,CD56dimNK cells, and CD56−NK cells) from HBV-HCC, HDs, CHB and 
HBV-LC patients. P values were calculated by using the Kruskal–Wallis nonparametric H test.* P < .05, **P < .01, ***P < .001, ****P < .0001.
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Figure2. The co-expression of TIGIT and TIM-3 is elevated on NK cells of progression patients with HBV-HCC. a-b Percentages of TIGIT+TIM-3+NK cells on total NK cells 
and NK cell subsets(CD56brightNK cells,CD56dimNK cells, and CD56−NK cells) from HBV-HCC, HDs, CHB and HBV-LC patients by flow cytometry analysis. c Correlation 
analysis of TIGIT and TIM-3 on NK cells from patients with HBV-HCC. d-e Flow-cytometry analyses (d) of TIGIT and TIM-3 were performed on PBMCs collected from HBV- 
HCC patients. Representative plots (e) display the expression of TIGIT+NK cells, TIM-3+NK cells and total TIGIT+TIM-3+NK cells from patients with progression (n = 61) and 
no progression (n = 72). P values were calculated by using the Kruskal–Wallis nonparametric H test (a-c). P values were obtained by the unpaired t test (d-e). * P < .05, 
**P < .01, ***P < .001, ****P < .0001.
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High expression of TIGIT+TIM-3+NK cells was associated 
with the progression of HBV-HCC patients

To evaluate the relationship between TIGIT+TIM-3+ NK cells 
and the clinical outcome of HBV-HCC patients, we enrolled 133 
patients with HBV-HCC. We divided them into progress group 
and no progress group according to whether they had pro
gressed. The expression levels of TIGIT+, TIM-3+and 

TIGIT+TIM-3+ NK cells were compared between the two 
groups. We found that only the expression of TIGIT+TIM-3+ 

NK cells in HBV-HCC patients in the progress group was 
significantly higher than that of patients in the no progress 
group (P < .001) (Figure 2d, e). Further, we analyzed the 
CD56dimCD16+ subgroup and CD56−CD16+ subgroup, respec
tively, and found that the proportion of co-expression of 
TIGIT+TIM-3+ in the progress group was higher than that in 

Table 2. Demographic and clinical characteristics of different level of TIGIT+TIM-3+NK cells in patients with HBV-HCC.

Variables TIGIT+TIM-3+low 
(n = 68)

TIGIT+TIM-3+high 
(n = 65)

P values

Age(≤50/>50y) 16/52 14/51 0.784
Gender(male/female) 19/49 11/54 0.129
Hypertension(yes/no) 21/47 18/47 0.686
Diabetes(yes/no) 13/55 15/50 0.576
Coronary disease(yes/no) 5/63 1/64 0.106
BCLC stage(0-B/C-D) 48/20 39/26 0.199
Child-Pugh(A/B/C) 41/19/8 37/18/10 0.824
HBV-DNA(<100/≥100IU/ml) 56/12 48/17 0.235
HBeAg(<1/>1S/CO) 56/12 52/13 0.728
Tumor size(≤5/>5 cm) 49/19 46/19 0.869
Tumor multiplicity(solitary/multiple) 39/29 35/30 0.684
HGB(≤120/>120 g/L) 29/39 19/46 0.107
PLT(≤100*109/>100*109/L) 31/37 36/29 0.259
ALT(≤50/>50 U/L) 54/14 52/13 0.933
ALB(≤40/>40 g/L) 50/18 50/15 0.651
γ-GGT(≤60/>60 U/L) 40/28 41/24 0.615
AFP(≤400/>400 ng/ml) 54/14 50/15 0.728
Ascites(yes/no) 29/39 32/33 0.446
Portal hypertension(yes/no) 34/34 42/23 0.089
Hepatic encephalopathy(yes/no) 6/62 3/62 0.334
Vascular metastasis(yes/no) 7/61 8/57 0.714
Distant metastasis(yes/no) 14/54 17/48 0.448
Treatments(palliative/minimally invasive/resection) 16/51/1 18/45/2 0.684
Progression (yes/no) 23/45 38/27 0.004

Abbreviations: HGB Hemoglobin, PLT Platelet, ALT aspartate aminotransferase, ALB Albumin, GGT Glutamyl Transferase, AFP Alpha-fetoprotein

Figure3. Kaplan–Meier curve analysis showing the efficacy of TIGIT+TIM-3+NK cells levels as a predictor of progression-free survival (PFS) in HBV-HCC patients across 
different tumor stage and liver function classification. a Progression-free survival in HBV-HCC patients, b-d Subgroup analysis of patients with BCLC stage 0-B (b), BCLC 
stage C-D (c), Child-Pugh A (d), and Child-Pugh B + C (e). P values and HRs were obtained using the log-rank test.
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Figure4. Kaplan–Meier curve analysis showing the efficacy of TIGIT+TIM-3+NK cells levels as a predictor of progression-free survival in HBV-HCC across different tumor 
load, liver function level and HBV virus load. a-b Patients with different tumor size, tumor size ≤ 5 cm (a), tumor size > 5 cm (b); c-d patients with different tumor 
number, tumor solitary (c), tumor multiple (d); e-f patients with different AFP level, AFP ≤ 400 ng/ml (e), AFP > 400 ng/ml (f); g-h patients with different ALT level, ALT≤ 
50 U/L (g), ALT > 50 U/L (h); i patients with different HBV-DNA level; j patients with or without HBeAg. P values and HRs were obtained using the log-rank test.
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Figure5. TIGIT+TIM-3+NK cells in HBV-HCC patients are functionally exhausted. a-c Intracellular staining for IFN-γ (a), TNF-α (b) and CD107a (c) in TIGIT+TIM-3+NK cells 
from HBV-HCC patients (n = 30) upon in vitro stimulation for IL-12, IL-15, and IL-18 (100, 20, and 100 ng/ml, respectively).d Percentage of expression of Ki67 (d) on 
TIGIT−TIM-3−, TIGIT+TIM-3−, TIGIT−TIM-3+ and TIGIT+TIM-3+ NK cells from patients with HBV-HCC (n = 8).e Representative flow cytometry data and histogram showing 
the percentage of T-betloEomeshi and T-bethiEomeslo cells (e) in different subpopulations of TIGIT+TIM-3+ NK cells from patients with HBV-HCC (n = 8). P values were 
obtained by the Kruskal–Wallis ANOVA test. *P < .05, **P < .01, ***P < .001.
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Figure6. TIGIT+TIM-3+NK cells display an exhausted phenotype in HBV-HCC patients. The percentages of the NK cells inhibitory receptors CD39 (a), LAG-3 (b), BTLA (c) 
and CD160 (d) expressed on four NK cells subsets (TIGIT−TIM-3−, TIGIT+TIM-3−, TIGIT−TIM-3+ and TIGIT+TIM-3+, respectively) from HBV-HCC patients (n = 51). P values 
were obtained by the Kruskal–Wallis ANOVA test. * P < .05, **P < .01, ***P < .001, ****P < .0001.
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the non-progress group, but no significant statistical difference 
was found between the two groups (Supplementary Figures, 
Figure S2). According to the proportion of TIGIT+TIM-3+NK 
cells, the median of TIGIT+TIM-3+NK cells expression level 
(20.5%) was used as cutoff value. We divided HBV-HCC 
patients (n = 133) into two groups: TIGIT+TIM-3+high 
(>20.5%) and TIGIT+TIM-3+low (≤20.5%). A total of 65 patients 
were defined as the TIGIT+TIM-3+ high group, and 68 patients 
were defined as the TIGIT+TIM-3+low group. We analyzed 
clinical characteristics and found no significant difference 
between the two groups in terms of age, gender, hypertension, 
diabetes, coronary disease, BCLC stage, Child-pugh, HBV-DNA, 
HBeAg, tumor size, tumor multiplicity, HGB, PLT, ALT, ALB,γ- 
GGT, AFP, ascites, hepatic encephalopathy, vascular metastasis 
and distant metastasis (Table 2). Portal hypertension was higher 
in the TIGIT+TIM-3+high group, but there was no statistical 
difference between the two groups. Moreover, there were no 
statistical differences among different treatment methods. We 
further observed the correlation of tumor progression in the two 
groups of patients. We found that HBV-HCC patients in the 
TIGIT+TIM-3+high group had a higher rate of tumor progres
sion (38/27(58.5%) vs. 23/45(33.8%), P = .004, Table 2).

High expression of TIGIT+TIM-3+NK cells was more sensi
tive to the poor prognosis of patients with early-stage HBV- 
HCC

To further determine the effects of tumor progression on 
TIGIT+TIM-3+ co-expression, we used the Kaplan–Meier survi
val curve to compare the progression-free survival (PFS) time of 
the two groups (TIGIT+TIM-3+high group and TIGIT+TIM- 
3+low group) in the clinical subgroup. In the total HBV-HCC 
population, we found that the TIGIT+TIM-3+high group had 
lower PFS rates than the TIGIT+TIM-3+low group (Figure 3a; 
HR = 2.05, 95% CI 1.24–3.04, P = .005). Next, we further 
compared the effects of the TIGIT+TIM-3+high group and 
TIGIT+TIM-3+low group on tumor progression in different 
tumor stages and liver function grades. For patients in BCLC 
stages 0-B and patients in Child-Pugh A, the PFS rates of 
patients with TIGIT+TIM-3+high NK cells populations were 
significantly lower than those with TIGIT+TIM-3+low NK cells 
populations (BCLC stage 0-B, P= .010; Child-Pugh A, P = .031, 
Figure 3b, d), but not in the subgroups of patients in BCLC stage 
C-D and Child-Pugh B + C (BCLC stage C-D, P= .443; Child- 
Pugh B + C, P = .087, Figure 3c, e). Furthermore, we also divided 
the tumor burden, transaminase level, and hepatitis B virus level 
into subgroups to compare the effects of TIGIT+TIM-3+high 
group and TIGIT+TIM-3+low group on PFS. The PFS rate of 
the TIGIT+TIM-3+high group was obviously lower than the 
TIGIT+TIM-3+low group in patients with tumor size ≤5 cm 
(Figure 4a; HR = 2.38, 95% CI 1.28–4.45, P = .006) and tumors 
solitary (Figure 4c; HR = 2.11, 95% CI 1.01–4.39, P = .045) and 
the level of AFP ≤ 400 ng/mL (Figure 4e; HR = 2.34, 95% CI 
1.30–4.22, P = .004), but not in the subgroups of patients with 
tumors size >5 cm (P = .342; Figure 4b) and tumor multiple 
(P = .068; Figure 4d) and the level of AFP > 400 ng/mL (P = .549; 
Figure 4f). The PFS rate of the TIGIT+TIM-3+high group was 
obviously lower than the TIGIT+TIM-3+low group in patients 
with the level ALT ≤ 50 U/L (Figure 4g; HR = 2.21, 95% CI 1.26– 
3.89, P = .005), but not in the subgroup of patients with the level  

ALT > 50 U/L (P = .446; Figure 4 h). In the process of chronic 
viral infection, hepatitis B virus and HBeAg were also important 
reasons that affect the tumor progress of patients. Therefore, 
observe the effect of the virus level and HBeAg level of the 
TIGIT+TIM-3+high group and TIGIT+TIM-3+low group of co- 
inhibitory molecules on the PFS of HBV-HCC patients. The PFS 
of TIGIT+TIM-3+high NK cells patients was significantly lower 
than that of TIGIT+TIM-3+low NK cells patients in HBV-DNA 
level <100 IU/mL (Figure 4i; HR = 2.63, 95% CI 1.45–4.77, 
P = .001) and HBeAg negative group (Figure 4j; HR = 2.17, 
95% CI 1.23–3.84, P = .007), but not in the subgroups of patients 
with HBV-DNA level ≥100 IU/mL (P = .726) and HBeAg 
positive group (P = .418).

TIGIT+TIM-3+NK cells from HBV-HCC patients showed 
functional exhaustion

To further study whether the TIGIT+TIM-3+ NK cells in HBV- 
HCC patients were functionally exhausted, we tested the cyto
kines release and cell killing function. TIGIT+TIM-3+NK cells in 
HBV-HCC patients exhibited a reduced capacity to produce 
IFN-γ compared with TIGIT−TIM-3− and TIGIT−TIM-3+NK 
cells (P < .05, Figure 5a). Meanwhile,TIGIT+TIM-3+NK cells in 
HBV-HCC patients exhibited a reduced capacity to produce 
TNF-α and CD107a compared with TIGIT−TIM-3−, 
TIGIT+TIM-3−and TIGIT−TIM-3+NK cells (P < .05, Figure 5b, 
c). We next tested the proliferation of NK cells in HBV-HCC 
patients and found that the expression level of Ki67 of 
TIGIT+TIM-3+NK cells in HBV-HCC patients was significantly 
reduced compared with TIGIT−TIM-3− and TIGIT+TIM-3−NK 
cells, indicating that their proliferation ability was weakened 
(P < .05, Figure 5d). In addition, we detected NK cell transcrip
tion factors T-bet and Eomes in HBV-HCC patients, and found 
that percentage of T-betloEomeshi on TIGIT+TIM-3+NK cells in 
HBV-HCC patients increased compared with TIGIT−TIM-3−, 
TIGIT+TIM-3−and TIGIT−TIM-3+NK cells, while 
T-bethiEomeslo expression levels did not change significantly 
(P < .05, Figure 5e).

TIGIT+TIM-3+NK cells from HBV-HCC patients exhibited an 
exhausted phenotype

To characterize the phenotype of NK cells that co-expressed 
TIGIT+TIM-3+ in HBV-HCC patients, we detected the expres
sion of several inhibitory receptors on TIGIT+TIM-3+ NK cells. 
We found that the expression level of CD39 was significantly 
higher in the TIGIT+TIM-3+ NK cells than the TIGIT−TIM-3− 

NK cells in HBV-HCC patients (P < .0001, Figure 6a). The 
expression level of LAG-3 and BTLA was significantly higher 
in the TIGIT+TIM-3+ NK cells than TIGIT−TIM-3− and 
TIGIT+TIM-3− NK cells in HBV-HCC patients (P < .001, 
Figure 6b, c). Besides, the expression level of CD160 on 
TIGIT+TIM-3+ NK cells increased significantly, compared 
with TIGIT−TIM-3−, TIGIT+TIM-3−and TIGIT−TIM-3+NK 
cells (P < .05, Figure 6d). TIGIT+TIM-3+ NK cells highly 
expressed co-inhibitory molecules, such as CD160, so they 
exhibited an exhausted phenotype.
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Discussion

NK cell exhaustion is usually caused by tumor progression and 
chronic infection, which weakens the anti-tumor and anti- 
infection ability of NK cells.24 The blocking of immune check
point is an important part of reversing exhaustion. The reversal 
of T cell exhaustion by anti-PD-1 monoclonal antibody and 
anti-CTLA-4 monoclonal antibody has shown clinical benefits 
to some patients, but its clinical effective response rate is about 
35%.24–26 Studies have shown that co-inhibitory molecules on 
T cells such as PD-1, TIGIT, TIM-3, LAG-3, CTLA-4 also exist 
on NK cells.27,28 In a variety of tumors, the co-inhibitory 
molecules TIGIT and TIM-3 are closely related to T cell 
exhausted.29–32 These studies indicate that it is necessary to 
study the specific exhausted phenotype and function of NK 
cells in HBV-HCC patients to reveal new anti-tumor targets of 
NK cells. In this study, we found that the co-expression of 
TIGIT and TIM-3 mediates NK cells exhaustion in HBV- 
HCC patients, which is characterized by the decrease of cyto
kine (IFN-γ, TNF-α), decreased cytotoxicity (CD107a), prolif
eration (Ki67), and high expression of T-betloEomeshiNK cells 
in HBV-HCC patients. Importantly, we found that high levels 
of TIGIT+TIM-3+NK cells are closely associated with poor 
prognosis of HBV-HCC. To our knowledge, this is the first 
evidence that TIGIT+TIM-3+NK cells are related to the pro
gression of HBV-HCC. Besides, our results provide a potential 
therapeutic target for the treatment of HCC to prevent tumor 
progression.

TIGIT is an inhibitory receptor expressed on both T cells 
and NK cells. It inhibits the activation of T cells and NK cells by 
mediating inhibitory signals.33,34 Studies have shown that the 
expression level of TIGIT is significantly negatively correlated 
with the IFN-γ secretion capacity of NK cells in tumor patients 
and autoimmune disease patients.35 TIM-3 is an inhibitory 
receptor expressed on various immune cells, mainly involved 
in immune regulation.36,37 In recent years, TIM-3 has been 
regarded as an important immune checkpoint involved in 
tumor immunosuppression, which has attracted considerable 
attention and is expected to become a new immunotherapy 
target. Studies have reported that the expression of TIM-3 on 
NK cells in patients with metastatic melanoma is increased, 
and the function of NK cells is impaired. Simultaneously, the 
expression level of TIM-3 is related to tumor stage and poor 
prognosis.38 The expression level of TIM-3 in patients with 
lung adenocarcinoma is higher in patients with high tumor 
burden and advanced tumor. Patients with high TIM-3 expres
sion are associated with a shorter overall survival time, and 
further blocking TIM-3 signaling can improve patients’ NK cell 
cytotoxicity and IFN-γ production function.39 In this study, we 
found that the co-expression of TIGIT and TIM-3 was 
increased in HBV-HCC patients, and they coordinated to 
mediate the exhaustion of NK cells. Highly expressed 
TIGIT+TIM-3+NK cells had a significant correlation with the 
progression of HCC patients.

It is generally believed that tumor factors and chronic infec
tion factors are important reasons for the exhaustion of NK 
cells.24 Therefore, we further divided the related clinical indi
cators into subgroups to observe the relationship between 
increased expression of TIGIT and TIM-3 and tumor 

progression in different subgroups. In this study, we found 
that patients with high expression of TIGIT+TIM-3+NK cells 
were more likely to develop tumor progression in the early 
stage of the tumor, better liver function, lighter tumor load, 
lower hepatitis B virus level, and HBeAg negative patients than 
those with low expression of TIGIT+TIM-3+NK cells. This may 
be because there is a more sensitive correlation between the 
increase of inhibitory receptors and the adverse outcomes in 
the early stage of disease development and in the mild condi
tion. In the future, we need to expand the sample size and 
continue to further verify in prospective studies.

In the process of anti-tumor and anti-virus infection, tran
scription factors T-bet and Eomesodermin (Eomes) not only 
regulate the differentiation and maturation of NK cells, but also 
play an anti-tumor role by regulating the function of NK cells. 
Eomes is mainly involved in the function of mature NK cells. 
Some studies have found that the decrease of Eomes levels is 
related to the damage of cytotoxicity of NK cells.40,41 Animal 
studies have found that the down-regulation of Eomes chro
mosomes can inhibit the anti-tumor activity of adoptive metas
tasis mouse.42 In peripheral blood NK cells of patients with 
renal cell carcinoma, it was found that higher Eomes mRNA 
expression is an independent good prognostic factor for OS 
and PFS.43 These reports speculate that the expression level of 
Eomes was positively correlated with the cytotoxicity of NK 
cells. However, there are also reports that the expression of 
Eomes is down-regulated due to the stronger cytotoxicity of 
mature NK cells, which indicated that Eomes was negative 
regulator of NK cytotoxicity.44,45–46 This study is consistent 
with our findings that EomeshiNK cells express more inhibitory 
receptors and lower cytotoxicity. In our study, the expression 
of Eomes was up-regulated on TIGIT+TIM-3+NK cells in per
ipheral blood of patients with HBV-HCC, and there was 
a characteristic change of subsets. However, T-bet can affect 
the differentiation and maturation of end-stage NK cells and 
stabilize immature NK cells. The decrease of T-bet is related to 
the damage of NK cytotoxicity, and affects the anti-tumor 
effect of NK cells.40–42 Whether the up-regulation of T-bet is 
the cause of its increased cytotoxicity remains controversial.44 

In our study, we found that there was no significant difference 
in the expression proportion of T-bet in TIGIT+TIM-3+NK 
cells of HBV-HCC patients.

The subjects in this study were all peripheral blood samples, 
not tumor tissues. Because tumor tissue is difficult to obtain in 
a short period of time, we want to obtain new immune targets 
for HCC patients through simple, rapid and noninvasive per
ipheral blood, so as to provide new ideas for future immu
notherapy. At the same time, many studies have shown that the 
inhibitory molecules of NK cells are increased in tumor tissues 
and peripheral blood. Qing Z et al. found that the high expres
sion of TIGIT on tumor infiltrating NK cells was related to the 
progression of colon cancer patients and NK cell exhaustion.13 

Tan S et al. found that the expression of TIM-3 was up- 
regulated in tumor infiltrating NK cells and peripheral blood 
NK cells of patients with hepatocellular carcinoma, which 
inhibited the cytotoxicity of NK cells.47 Moreover, in our pre
vious study, we found that the expression levels of PD-1 and 
TIGIT on tumor infiltrating T cells in HCC patients were 
consistent with those in peripheral blood T cells.48
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Conclusions

In conclusion, the present study has provided new insights into 
the phenotype and function of TIGIT+TIM-3+NK cells and 
tumor progression in patients with HBV-HCC. We have 
demonstrated that TIGIT+TIM-3+NK cells population is ele
vated by the progression in HBV-HCC patients, characterized 
by NK cells exhaustion. More importantly, TIGIT+TIM-3+NK 
cells subset may represent a novel indicator to predict the poor 
prognosis of HBV-HCC patients.
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