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ABSTRACT
CD3+CD56+ NKT-like cells play pivotal roles in the anti-tumor immune defense response. However, little is 
known regarding circulating NKT-like cells in patients with primary hepatocellular carcinoma (HCC). In the 
present study, we demonstrate that circulating NKT-like cells in HCC patients are functionally impaired 
and anti-PD-1 blockade improves their anti-tumor potency. Circulating NKT cells were mainly comprised 
of CD8+ T cells. The frequencies and absolute counts of circulating NKT-like cells were comparable 
between HCC patents compared to healthy donors. NKT-like cells in HCC patients were impaired in 
their production of TNF-α and IFN-γ as well as cytotoxicity. The level of activating receptor NKG2D was 
significantly decreased on NKT-like cells in HCC patients. In contrast, the expression of inhibitory receptors 
PD-1, Tim-3, and CTLA-4 were markedly increased on NKT-like cells in HCC patients. Meanwhile, the 
expression of PD-L1 was also upregulated on NKT-like cells in HCC patients. In detail, PD-1+ NKT-like cells 
expressed lower levels of NKG2D, higher levels of Tim-3, and CTLA-4, and less IFN-γ when compared with 
PD-1− NKT-like cells. Importantly, PD-1 blocked with anti-PD-1 antibody effectively improved the effector 
function of NKT-like cells from HCC patients or healthy donors. Our findings unveil the functional 
characterization of NKT-like cells in HCC patients and provide the potential targets to improve their 
function, which might benefit the optimization of HCC immunotherapy.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
cancer and the third most common cause of cancer mortality 
worldwide.1The difficulty in early diagnosis and the limited 
therapeutic options leads to extremely high mortality and low 
five-year overall survival rates.2 New therapeutic options are 
urgently needed for patients with advanced HCC. Immune 
cells play pivotal roles in the development of HCC. In detail, 
CD8+ T cells and NK cells are involved in the defense against 
HCC.3,4 In contrast, macrophages build immune-suppressive 
microenvironments in advanced HCC.5 Currently, immu-
notherapy is an accepted clinical treatment of HCC. 
However, only a small proportion of HCC patients benefit 
from this treatment strategy.6 Therefore, deep understanding 
of the features and roles of distinct immune cell subsets in 
HCC might be helpful to optimize HCC immunotherapy and 
improve clinical efficacy.

CD3+CD56+ NKT-like cells are a unique subpopulation of 
lymphocytes that not only express NK and T cell markers, but 
also share functional characteristics from both NK and T cells 
and possess both innate and adaptive immune functions. NKT- 

like cells can be activated through T-cell receptor (TCR) 
ligation.7 Meanwhile, these cells can also been activated to 
rapidly produce cytotoxic cytokines to kill cancer cells in a 
non-MHC-restricted manner.8 In addition, the effector func-
tion of NKT-like cells can be regulated by activating or inhibi-
tory receptors. For example, tumor-derived soluble NKG2D 
ligands, MHC class I-related chains (MICs), impair NKT-like 
cell cytotoxicity in patients with ovarian cancer or prostate 
cancer.9 NKT-like cells have been found to be a heterogeneous 
subpopulation of lymphocytes, which comprise γδT cells and 
mucosal-associated invariant T (MAIT) cells as well as CD4+ 

cells and CD8+ cells.10 NKT-like cells are widely distributed in 
the thymus, spleen, and peripheral blood as well as enriched in 
normal liver tissue, reaching a high proportion of 50% in 
intrahepatic T cells, but there are relatively few in the periph-
eral blood, only accounting for 5%–15% of circulating T cells. 
up11,12down Interestingly, NKT-like cells have been found to 
increase in the peripheral blood with age.13 Of note, NKT-like 
cells have been revealed to be involved in diverse types of 
diseases, including cancers, infections, and autoimmune 
diseases.14–19 Of note, NKT-like cells play important roles in 
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the defense against cancers. The decrease of tumor-infiltrating 
NKT-like cells with impaired effector function is associated 
with cancer progression and poor survival of patients with 
gastric cancer.20 Moreover, the impairment of NKT-like cells 
is also associated with the progression of chronic lymphocytic 
leukemia and colorectal cancer,21,22 However, the characteris-
tics and roles of NKT-like cells in HCC remain unclearly 
elucidated.

To investigate the phenotypic and functional properties of 
circulating NKT-like cells in HCC patients, we deciphered 
circulating NKT-like cells, including frequency, absolute 
count, function, and a detailed analysis of the expression of 
activating and inhibitory receptors on NKT-like cells from 
HCC patients. It was discovered that circulating NKT-like 
cells are functionally exhausted in HCC patients, and are char-
acterized by the down-regulation of NKG2D, the up-regulation 
of PD-1, Tim-3, and CTLA-4 and impaired functionality. PD-1 
blockade effectively improved effector function of NKT-like 
cells from HCC patients. Our findings might deepen the 
understanding of the properties of circulating NKT-like cells 
in HCC and provide new insights for the immunotherapy 
of HCC.

Materials and methods

Study population and samples

Peripheral blood samples of 52 HCC patients and 80 healthy 
donors (HD) were collected between 2017 and 2021. None of 
the patients selected for this study had received chemotherapy 
or radiotherapy. Additionally, none of the patients selected for 
this study had pregnancy, multiple sclerosis or history of aller-
gies. Patients’ characteristics are summarized in Table 1. 
Patients were recruited from the First Affiliated Hospital of 
Anhui Medical University. This study was approved by the 
Medical Ethics Committee of the First Affiliated Hospital of 
Anhui Medical University, the number LLSC20170493, and the 
protocols were carried out in accordance with the approved 
guidelines. All participants gave written informed consent to 
participate in the study.

Isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were isolated 
from the peripheral blood of HCC patients or HD by gradient 
centrifugation with Ficoll-Paque (Solarbio, Beijing, China). 
Briefly, fresh peripheral blood was diluted with 1× PBS, gently 
overlaid on Ficoll-Paque, and then centrifuged at 380 × g for 
20 min. After centrifugation, the middle layer was harvested 
and washed with 1× PBS. Lastly, PBMCs were counted in a cell 
counter Celldrop (DeNovix Inc., DE, USA).

Culture and stimulation of PBMCs

PBMCs were seeded in 96-well round bottom plates at a den-
sity of 5 × 105 cells/well in RPMI 1640 containing 10% fetal calf 
serum (Gibco, Thornton, Australia). To assess intracellular 
cytokine production, PBMCs were stimulated with phorbol 

12-myristate 13-acetate (PMA, 100 ng/mL), ionomycin (1 μg/ 
mL), and monensin (5 μg/mL) for 5 hours and monensin (5 μg/ 
mL) was supplemented after the first hour. To assess the effects 
of anti-PD-1 mAb on NKT-like cells, PBMCs were stimulated 
with phorbol 12-myristate 13-acetate (PMA, 100 ng/mL), iono-
mycin (1 μg/mL) and monensin (5 μg/mL) for 5 hours in the 
presence of 20 μg/mL anti-PD-1 neutralizing antibody (JS001) 
or equal dose of isotype control antibody used as control. 
Alternatively, PBMCs were stimulated with anti-CD3 (2 μg/ 
mL) and anti-CD28 (1 μg/mL) (Biolegend, San Diego, CA) for 
6 hours in the presence of 20 μg/mL anti-PD-1 blocking anti-
body (J110, Bio-X Cell, Lebanon, USA), equal dose of mouse 
IgG1, κ isotype antibody as control. Considering the internali-
zation of TCR/CD3 during T cell activation by anti-CD3/ 
CD28, fluorescently-labeled antibody anti-CD3 and anti- 
CD56 was added and incubated for 20 min in the dark before 
T cell activation by anti-CD3/anti-CD28.

Flow cytometric analysis of immune cell phenotype

Single-cell suspensions of PBMCs were stained with the fluor-
escently-labeled antibodies, including FITC anti-human-CD3 
(clone OKT3); FITC anti-human-CD3 (clone UCHT1); 
Brilliant Violet 510™ anti-human-CD3 (clone OKT3); 
Brilliant Violet 421™ anti-human-CD56 (clone 5.1H11); APC/ 
Cy7 anti-human-CD56 (clone 5.1H11); PE anti-human- 
CD366 (T cell immunoglobulin and mucin domain-containing 
protein 3 [TIM-3], clone F38-2E2); APC/Cy7 anti-human- 
CD366 (TIM-3, clone F38-2E2); PerCP/Cy5.5 anti-human- 
CD337 (NKp30, clone P30-15); APC anti-human-CD337 
(NKp30, clone P30-15); PerCP/Cy5.5 anti-human-CD335 
(NKp46, clone 9E2); PE/Cy7-CD335 (NKp46, clone 9E2); PE/ 
Cy7 anti-human-CD314 (NKG2D, clone 1D11); Brilliant 
Violet 510™ anti-human-CD314 (NKG2D, clone 1D11); 
PerCP/Cy5.5 anti-human-CD152 (CTLA-4, clone BNI3); PE 
anti-human-CD274 (PD-L1, clone 29E.2A3). APC anti- 
human-CD279 (PD-1, clone EH12.2H7); PerCP/Cy5.5 anti- 
human-CD8(clone RPA-T8); PE/Cy7 anti-human-CD8 
(clone RPA-T8); APC anti-human-CD8 (clone HIT8a); 
PerCP/Cy5.5 anti-human-CD4(clone RPA-T4); PE/Cy7 anti- 
human-CD4 (clone RPA-T4); APC/Cy7 anti-human-CD4 
(clone RPA-T4); APC anti-human-TCR α/β (clone IP26); 
APC anti-human-TCR γ/δ (clone B1); PE anti-human-TCR 
γ/δ (clone B1); APC anti-human-TCR Vα7.2 (clone 3C10); 
Brilliant Violet 605™ anti-human-CD161 (clone HP-3G10); 
PE anti-human FOXP3(eBioscience, clone PCH101). The PE- 
CD1d-PBS157 tetramer was provided by the tetramer core 
facility at the National Institutes of Health. For intracellular 
staining of FoxP3 molecules, cells first were stained with FITC 
anti-human-CD3, PerCP/Cy5.5 anti-human-CD4 and APC 
anti-human-CD25 (clone BC96), then permeabilized and 
fixed using eBioscience fix/perm (eBiosciences) according to 
the manufacturer’s instructions. PE anti-human FOXP3 was 
added after permeabilization for 30 minutes. Isotype controls 
were used to determine cutoff levels for positive staining. Data 
were acquired using a flow cytometer (Beckman Coulter; Brea, 
CA, USA) and analyzed using FlowJo software, version 10 
(Tree Star; Ashland, OR, USA).
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Flow cytometric analysis of immune cell function

The stimulated PBMCs were harvested and labeled with phe-
notypic markers. Then these cells were intracellularly stained 
with PE anti-human-tumor necrosis factor (TNF)-α (clone 

MAb11); and PE/Cy7 anti-human-interferon (IFN)-γ (clone 
B27) to assess NKT-like cell function after fixation and per-
meabilization using fixation/permeabilization diluent 
(eBioscience Company). PerCP/Cy5.5 anti-human-CD107a 
(clone H4A3) was added into cell culture before stimulation. 
Isotype controls were used to determine cutoff levels for posi-
tive staining. All antibodies and isotypes were purchased from 
Biolegend (San Diego, CA, USA). Data were acquired using a 
flow cytometer (Beckman Coulter; Brea, CA, USA) and ana-
lyzed using FlowJo software, version 10 (Tree Star; Ashland, 
OR, USA).

Statistical analysis

Data are shown as median and interquartile ranges (interquar-
tile range, 25 to 75). The difference between groups was ana-
lyzed using Mann-Whitney test or Wilcoxon matched-pairs 
signed rank test. Any potential correlations between variables 
were analyzed using Pearson’s correlation test. Analyses yield-
ing P-values <0.05 were considered statistically significant. 
Statistical analyses were performed using GraphPad Prism 6.0 
(GraphPad Software Inc., CA,USA).

Results

NKT-like cells were functionally defective in HCC patients

To access the alteration of CD3+CD56+ NKT-like cells in HCC 
patients, the frequency and absolute count of NKT-like cells in 
peripheral blood from HCC patients and HD were firstly 
analyzed. We found that the frequency and absolute count of 
NKT-like cells in HCC patients were comparable with those in 
HD (Figure 1(a,b)). NKT-like cells were composed of CD8+ 

cells and CD4+ cells as well as αβT cells, γδT cells, mucosal- 
associated invariant T (MAIT) cells and a few invariant NKT 
(iNKT) cells (sFigure 1(a)). Most of NKT-like cells were CD8+ 

T cells. The frequencies of these NKT-like cell subsets were 
comparable between HCC patients and HD (Figure 1(c,d)). 
However, the frequency of NKT-like cells was lower in patients 
with stage III/IV HCC than that with stage I/II HCC (Table 1), 
indicating higher cancer grades were associated with reduced 
frequency of circulating NKT-like cells. Besides NKT-like cells, 
the absolute count of lymphocytes as well as the frequencies of 
lymphocytes, CD3+CD56− T cells and CD3+CD8+CD56− T 
cells were comparable between HCC patients and HD 
(sFigure 1(b-f)). However, NK cells were decreased, whereas 
regulatory T cells were increased in HCC patients (sFigure 1(g- 
h)), consistent with previous reports.26,27 Interestingly, we 
found that NKT-like cells displayed stronger effector function 
than conventional CD3+CD56− T cells (sFigure 2(a)). 
Moreover, CD8+ NKT-like cells displayed stronger effector 
function than conventional CD3+CD8+CD56− T cells 
(sFigure 2(a)).We further access the alteration of effector func-
tion of NKT-like cells in HCC patients. The frequencies of 
TNF-α+ and IFN-γ+ NKT-like cells in HCC patients were 
lower than those in HD (Figure 1(e-f)), suggesting that the 
production of cytokines was impaired in NKT-like cells from 
HCC patients. The frequency of CD107a+ NKT-like cells was 
lower in HCC patients when compared with HD (Figure 1(g)), 

Table 1. Clinicopathological correlation of the proportion of CD3+CD56+ cells in 
HCC.

Variables No.of patients (%) % CD3+CD56+ cells P value

Age, years 0.5869
>57 14 (47) 3.935 (1.843–7.505)
≤57 16 (53) 4.185 (3.668–6.520)
Gender 0.1399
Male 25 (83) 3.990 (2.315–5.915)
Female 517 7.310 (4.305–9.235)
History of Hepatitis B 0.9084
Absent 620 4.110 (2.878–6.863)
Present 24 (80) 4.305 (2.248–7.115)
Alpha-fetoprotein 0.3740
>400 μg/L 1223 3.860 (1.070–6.520)
≤400 μg/L 18 (60) 4.420 (2.465–8.263)
GGT 0.3824
>144 U/L 14 (47) 3.895 (2.383–5.528)
≤144 U/L 16 (53) 5.465 (2.253–7.895)
ALP 0.2673
>146 U/L 13 (43) 3.720 (2.315–5.225)
≤146 U/L 17 (57) 5.400 (2.915–7.700)
Albumin 0.7053
>38 g/L 15 (50) 4.300 (3.160–5.920)
≤38 g/L 15 (50) 4.070 (2.180–9.690)
Total bilirubin 0.2583
>20 μmol/L 924 3.160 (2.180–5.965)
≤20 μmol/L 21 (70) 4.540 (3.095–7.700)
PT 0.7979
>12 s 14 (47) 4.990 (2.165–6.725)
≤12 s 16 (53) 4.110 (2.455–7.418)
Cirrhosis 0.7367
Absent 310 3.920 (3.720–4.300)
Present 27 (90) 4.540 (2.180–7.310)
Portal hypertension 0.2397
Absent 413 3.820 (1.193–4.205)
Present 26 (87) 4.775 (2.383–7.505)
PVTT 0.1466
Absent 21 (67) 5.010 (3.440–6.920)
Present 925 2.180 (1.475–7.115)
Vascular invasion 0.7029
Absent 13 (43) 4.300 (2.815–8.435)
Present 17 (57) 4.070 (2.180–6.510)
Intrahepatic metastasis 0.0831
Absent 19 (63) 5.910 (2.470–8.090)
Present 11 (47) 3.650 (2.180–5.010)
Distant metastasis 0.1632
Absent 28 (93) 4.420 (2.455–7.115)
Present 27 2.100 (0.550–3.650)
Tumor number 0.7475
Single 21 (67) 4.540 (2.180–7.700)
Multiple 925 4.070 (2.805–5.965)
Maximum tumor size 0.2527
>5 cm 16 (53) 3.685 (1.153–7.105)
≤5 cm 14 (47) 4.655 (3.730–6.920)
Child-Pugh class 0.7704
A 20 (67) 4.420 (2.628–7.105)
B 1025 3.820 (1.843–7.320)
AJCC TNM 0.0452
I–II 19 (63) 5.400 (3.720–7.310)
III–IV 11 (47) 2.180 (0.830–4.540)

Abbreviations: HCC, hepatocellular carcinoma; GGT, gamma-glutamyl- 
transpeptidase; 

ALP, alkaline phosphatase; PT, prothrombin time; PVTT, portal vein tumor 
thrombus; 

AJCC, American Joint Committee on Cancer; TNM, tumor-node-metastasis; IQR, 
interquartile range; 

Data are presented as n (%) orMedian(IQR, 25 to 75). Significance was assessed by 
Mann-Whitney test. 

P < 0.05 is considered significant and P > 0.05 is considered non-significant.
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suggesting that the cytotoxicity of NKT-like cells was 
decreased. The functional impairment was observed in 
CD3+CD56− T cells in HCC patients (sFigure 2(b)). These 
results reveal that NKT-like cells were functionally impaired 
in HCC patients.

NKT-like cells displayed an exhausted phenotype in HCC 
patients

Besides effector function, we also examined the alteration of 
activating receptors and inhibitory receptors on NKT-like cells 
in HCC patients. As shown in Figure 2, there were no differences 

Figure 1. NKT-like cells are functionally impaired in HCC patients. Frequency (A) and absolute count (B) of NKT-like cells in HCC patients and HD. Frequency of CD8+ and 
CD4+ subsets (C) as well as αβT, γδT, MAIT and iNKT subsets (D) in NKT-like cells in HCC patients and HD. Frequency of (E) TNF-α+ cells, (F) IFN-γ+ cells, and (G) CD107a+ 

cells in NKT-like cells in HCC patients and HD. Data are shown as means ± standard deviation (s.d.). P-values < 0.05 are considered statistically significant. *P < .05; **P 
< .01; ***P < .001.
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in the expression of activating receptors including NKp30, 
NKp44, and CD16 (Figure 2(a–c)). However, the expression of 
activating receptors NKG2D on NKT-like cells was significantly 
reduced in HCC patients (Figure 2(d)). In contrast, the expres-
sion of Tim-3, CTLA-4, and PD-1 on NKT-like cell subsets was 
significantly increased in HCC patients compared with HD 
(Figure 3(a-c)). More Tim-3+CTLA-4+PD-1+ NKT-like cells 
appeared in HCC patients (Figure 3(d)), Besides NKT-like 
cells, the expression of these inhibitory receptors were found 
to be increased in the CD3+ T cells, CD8+ T cells, and NK cells 
from HCC patients, compared to HD (sFigure 3(a-c)). 
Interestingly, the expression of PD-L1 was up-regulated on 
NKT-like cells in HCC patients (sFigure 4). These results reveal 
that suggesting the levels of inhibitory receptors were increased 
increased on NKT cells in HCC patients.

PD-1+ NKT-like cells were more exhausted than PD-1− 

NKT-like cells

Among these inhibitory receptors, the levels of PD-1 were 
highest on NKT-like cells in HCC patients. Therefore, we 
accessed the effect of PD-1 up-regulation on NKT-like cells. 
We found that PD-1+ NKT-like cells had a lower expression of 
activating receptor NKG2D and a higher expression of inhibi-
tory receptors Tim-3 and CTLA-4, compared with PD-1− 

NKT-like cells (Figure 4(a–c)). Moreover, PD-1+ NKT-like 
cells expressed less IFN-γ, although the levels of TNF-α and 
CD107a in the PD-1+ NKT-like subset were similar to those in 
the PD-1− subset (Figure 4(d–f)). These data reveal that PD-1+ 

NKT-like cells have more exhausted phenotype and more 
impaired function, suggesting increased PD-1 suppresses the 
effector function of NKT-like cells in HCC patients.

Figure 2. NKT-like cells in HCC patients display lower levels of activating receptors. (A) Frequency of NKp30+ NKT-like cells and MFI of NKp30 on NKT-like cells, (B) 
frequency of NKp46+ NKT-like cells and MFI of NKp46 on NKT-like cells, (C) frequency of CD16+ NKT-like cells and MFI of CD16 on NKT-like cells, and (D) frequency of 
NKG2D+ NKT-like cells and MFI of NKG2D on NKT-like cells in HCC patients and HD. Data are shown as means ± standard deviation (s.d.). P-values < 0.05 are considered 
statistically significant. *P < .05; **P < .01; ***P < .001.
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PD-1 blockade improved function of exhausted NKT-like 
cells from HCC patients

The up-regulation of PD-1 on NKT-like cells in HCC patients 
suggested that PD-1 was a potential target for improving NKT- 
like cell effector function. To evaluate this possibility, anti-PD- 
1 blocking antibody was used ex vivo before stimulating NKT- 
like cells from HD. Our data showed that the production of 
TNF-α and IFN-γ in NKT-like cells was increased in the pre-
sence of anti-PD-1 blocking antibody and stimulation with 
PMA/Ion (Figure 5(a,b)). Similarly, increased levels of TNF-α 
and IFN-γ and CD107a in NKT-like cells were also observed in 
the presence of anti-PD-1 mAb when stimulated with anti- 
CD3/anti-CD28 (Figure 5(c–e)). To confirm the possibility 
that the blockade of PD-1 improved NKT-like cells in HCC 
patients, the effector function of NKT-like cells in HCC 

patients was measured in the presence of anti-PD-1 blocking 
antibody. As expected, increased levels of TNF-α and IFN-γ in 
NKT-like cells from HCC patients were observed in the pre-
sence of anti-PD-1 mAb and stimulation with PMA/Ion 
(Figure 6(a,b)). Moreover, levels of TNF-α and IFN-γ and 
CD107a were also increased in NKT-like cells from HCC 
patients in the presence of anti-PD-1 mAb when stimulated 
with anti-CD3/anti-CD28 (Figure 6(c–e)). Of note, the 
increase in NKT-like cells functionality was conversely corre-
lated with initial PD-1 levels (sFigure 5(a,b)). The short-term 
PD-1 blockade failed to influence the levels of Tim-3 or CTLA- 
4 on NKT-like cells (sFigure 5(c,d)). These findings demon-
strated that blocking the PD-1/PD-L1 pathway could improve 
the exhausted effector function of NKT-like cells in HCC 
patients.

Figure 3. NKT-like cells in HCC patients express higher levels of inhibitory receptors. (A) Frequency of Tim-3+ NKT-like cells and MFI of Tim-3 on NKT-like cells, (B) 
frequency of CTLA-4+ NKT-like cells and MFI of CTLA-4 on NKT-like cells, (C) frequency of PD-1+ NKT-like cells and MFI of PD-1 on NKT-like cells in HCC patients and HD. 
(D) Frequency of Tim-3+ CTLA-4+ PD-1+ NKT-like cells in HCC patients and HD. Data are shown as means ± standard deviation (s.d.). P-values < 0.05 are considered 
statistically significant. *P < .05; **P < .01; ***P < .001.
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Discussion

The fact that not all HCC patients benefit from immunotherapy, 
stimulated our investigation of the properties of distinct immune 
cell subpopulations in HCC. In the present study, we showed 
that circulating CD3+CD56+ NKT-like cells were exhausted in 
HCC patients and exposure to anti-PD-1 mAb was capable of 
improving the function of circulating NKT-like cells, indicating 
NKT-like cells might be a target for HCC immunotherapy.

NKT-like cells are recognized as a heterogeneous subpopu-
lation of lymphocytes.10 In our study, we confirmed that NKT- 
like cells comprise αβT cells, γδT cells, MAIT cells and a few 
iNKT cells as well as CD4+ cells and CD8+ cells. Of note, NKT- 
like cells are mainly composed of CD8+ cells. Consistent with 
the finding that CD56 expression is associated with enhanced 
cytotoxicity and cytokine production of CD3+ T cells,28 we 
found that NKT-like cells had higher function than 
CD3+CD56− T cells. Therefore, this population might be 
important for defense against HCC albeit of TCR 
heterogeneity.

The number of NKT-like cells infiltrating HCC tissues is 
much fewer than those present in adjacent tissues.29 Moreover, 
recent research has suggested that a higher percentage of NKT- 

like cells was associated with a higher overall survival rate in 
HCC patients.30 These findings suggest that NKT-like cells play 
critical roles in HCC incidence and development. However, 
studies evaluating NKT-like cells in HCC patients is very 
limited. Our data showed that the percentages and absolute 
counts of circulating NKT-like cells was comparable between 
HCC patients and HD. But higher cancer grades were asso-
ciated with reduced percentage of circulating NKT-like cells, 
shown by lower percentage of circulating NKT-like cells in 
patients with stage III/IV HCC when compared with those 
with stage I/II HCC. In term of function, the production of 
TNF-α and IFN-γ was decreased in NKT-like cells of HCC 
patients. Moreover, although no change in KIR2DL and CD94 
expression on circulating NKT-like cells in HCC patients was 
reported,17 the expression of NKG2D on was decreased on 
NKT-like cells in HCC patients. Inhibitory checkpoint mole-
cules PD-1 and TIM-3 serve as exhaustion markers of T cells 
and CTLA-4 can suppress anti-tumor immune responses in 
solid tumors.24,31,32 Our findings showed that Tim-3, CTLA-4, 
and PD-1 were increased on NKT-like cells in HCC patients 
compared with HD, which indicated that these inhibitory 
receptors might contribute to the suppression of NKT-like 

Figure 4. PD-1+ NKT-like cells are more exhausted than PD-1− NKT-like cells. Frequency of (A) NKG2D+ cells, (B) TIM-3+ cells, (C) CTLA-4+ cells, (D) IFN-γ+ cells, (E) TNF-α+ 

cells, and (F) CD107a+ cells in PD-1+ NKT-like cells and PD-1− NKT-like cells. P-values < 0.05 are considered statistically significant. *P < .05; **P < .01; ***P < .001.
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Figure 5. PD-1 blockade improves the function of NKT-like cells from healthy donors. Frequency of (A) TNF-α+ cells in NKT-like cells and (B) IFN-γ+ cells in NKT-like cells 
from HD in the presence of anti-PD-1 mAb or isotype mAb. PBMCs from healthy donors and were stimulated with PMA (100 ng/mL) and ionomycin (1 μg/mL) for 5 hours 
in the presence of 20 μg/mL anti-PD-1 mAb or an equal dose of mouse IgG1, κ isotype antibody. Frequency of (C) TNF-α+ cells, (D) IFN-γ+ cells, and (E) CD107a+ cells in 
NKT-like cells from HD in the presence of anti-PD-1 mAb or isotype mAb. PBMCs from HD were stimulated with anti-CD3 (2 μg/mL)/anti-CD28 (1 μg/mL) for 6 hours in 
the presence of 20 μg/mL anti-PD-1 mAb or an equal dose of mouse IgG1, κ isotype antibody. P-values < 0.05 are considered statistically significant. *P < .05; **P < .01; 
***P < .001.
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Figure 6. Anti-PD-1 treatment improves the effector function of NKT-like cells from HCC patients. Frequency of (A) TNF-α+ cells and (B) IFN-γ+ cells in NKT-like cells from 
HCC patients in the presence of anti-PD-1 mAb or isotype mAb. PBMCs from HCC patients were stimulated with PMA (100 ng/mL), ionomycin (1 μg/mL) for 5 hours was 
in the presence of 20 μg/mL anti-PD-1 mAb or equal dose of mouse IgG1, κ isotype antibody. Frequency of (C) TNF-α+ cells, (D) IFN-γ+ cells, and (E) CD107a+ cells in NKT- 
like cells from HCC patients in the presence of anti-PD-1 mAb or isotype mAb. PBMCs from HCC patients were stimulated with anti-CD3 (2 μg/mL)/anti-CD28 (1 μg/mL) 
for 6 hours in the presence of 20 μg/mL anti-PD-1 mAb or an equal dose of mouse IgG1, κ isotype antibody. P-values < 0.05 are considered statistically significant. *P 
< .05; **P < .01; ***P < .001.
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cell function in HCC patients. However, more studies are 
needed to investigate the association between circulating 
NKT-like cells and HCC progression and the role and mechan-
isms of circulating NKT-like cells in defense against HCC.

PD-1 is an inhibitory receptor involved in regulating host 
immune responses.33 The increased expression of PD-1 on 
CD8+ T cells, CD4+ T cells, and NK cells contributes to the 
impaired function of these cells and correlates with poor prog-
nosis in patients with HCC.25,34,35 PD-L1 has been found to be 
up-regulated on cancer cells in patients with HCC.36 Increasing 
evidence shows that PD-L1 on tumor-infiltrating immune cells 
rather than tumor cells is increased and suppresses anti-tumor 
immune response.37–39 In the present study, we found the 
expression of PD-1 was increased on NKT-like cells in HCC 
patients compared with HD. PD-1+ NKT-like cells produced less 
IFN-γ and had lower expression of NKG2D and higher expres-
sion of Tim-3 and CTLA-4. Meanwhile, PD-L1 was also 
increased on NKT-like cells in patients with HCC. These results 
suggested PD-1 could play an important role in mediating 
functional exhaustion of NKT-like cells in HCC patients. TCR 
and cytokine-mediated immune activation can induce PD-1 
expression on T cells.40 However, the factors mediating the up- 
regulation of PD-1 and PD-L1 on NKT-like cells dysfunction in 
HCC patients need further investigation.

The clinical success of anti-PD-1/PD-L1 therapy in a variety of 
cancers has demonstrated that the PD-1/PD-L1 axis plays an 
important role in regulating the antitumor immune response. 
Blocking the PD-1/PD-L1 axis could effectively enhance the func-
tion and antitumor efficacy of CD8+ T cells in HCC.23 However, 
the clinical efficacy of anti-PD-1 therapy is limited to a small subset 
of HCC patients, with overall response rates of 20% or less.6 More 
in depth investigation of the PD-1/PD-L1 pathway might aid the 
discovery and design of new clinically applicable approaches in 
HCC immunotherapy. In the present study, we found that block-
ing the PD-1 pathway effectively enhanced TNF-α, IFN-γ, and 
CD107a levels in NKT-like cells. However, additional studies are 
required to elucidate the precise mechanisms for improving NKT- 
like cell function through blocking the PD-1/PD-L1 axis.

In conclusion, our study showed that NKT-like cells dis-
played an exhausted phenotype and impaired immune activity. 
Anti-PD-1 drugs could improve the effector function of NKT- 
like cells. These findings might provide new insights on a NKT- 
like cell-based therapeutic strategy for the treatment of HCC.
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