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Abstract
CD160 is an Ig-like glycoprotein expressed by the majority of circulating natural killer cells and γδ T cells. Whether CD160 
could regulate  CD8+ T-cell functions remains unknown. In this study, we investigated the effects of CD160 on  CD8+ T cells 
in pancreatic cancer. First, we found that the frequency of PD-1+ cells was comparable between  CD160+ and  CD160−CD8+ 
T cells, with the former presenting significantly higher PD-1 expression level. In contrast, the frequency of TIM-3+ cells 
was higher among  CD160+ cells but the expression level was comparable between  CD160+ and  CD160−CD8+ T cells. The 
IFN-γ and IL-2-expressing  CD8+ T cells, directly ex vivo, were highly enriched in the  CD160+ subset. However, when 
 CD160+ and  CD160−CD8+ T cells were stimulated, the proliferation levels of  CD160+ and  CD160− cells were initially 
comparable, but were significantly lower in  CD160+CD8+ T cells than in  CD160−CD8+ T cells later on. The IFN-γ and 
IL-2 transcription levels were initially higher in  CD160+CD8+ T cells, but eventually reduced in  CD160+CD8+ T cells 
compared to  CD160−CD8+ T cells. Also,  CD160+CD8+ T cells presented lower cytotoxic capacity than  CD160−CD8+ T 
cells. Interestingly, we observed that tumor-infiltrating  CD8+ T cells were significantly enriched with the  CD160+ subset 
in pancreatic cancer patients. In addition, patients with higher frequencies of tumor  CD160+CD8+ T cells presented lower 
survival. Overall, these data demonstrated that tumor-infiltrating  CD8+ T cells were enriched with the  CD160+ subset in 
pancreatic cancer, with active effector responses directly ex vivo but limited potential for further activation.
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Introduction

CD160 is an Ig-like glycoprotein that acts as an activating 
receptor on the surface of several lymphocyte subsets [1]. 
It is expressed by all of the small intestinal intraepithelial 
T cells and the majority of circulating natural killer (NK) 
cells and circulating γδ T cells [2]. A minor population of 
circulating  CD4+ and  CD8+ T cells also express CD160 [2, 
3]. CD160 has not been found on normal B cells but is found 
on malignant B-cell chronic lymphocytic leukemia [4, 5].

CD160 binds broadly but weakly to MHC class I mol-
ecules and strongly to the regulatory molecule herpes virus 
entry mediator (HVEM) [3, 6–8]. Engagement of CD160 
with HLA-C is thought to mediate NK cytotoxicity and 
induce a unique cytokine expression profile with the pro-
duction of IFN-γ, TNF-α, and IL-6 [6, 9]. However, a later 
study using  CD160−/− mice has demonstrated that CD160-
deficient NK cells present regular cytotoxicity but severely 
reduced IFN-γ expression [10]. CD160 may also act as a 
co-receptor in T cells lacking CD28 expression and par-
ticipate in TCR signal transduction to promote proliferation 
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[11]. Interestingly, CD160 is slightly upregulated in  CD4+ 
T cells upon anti-CD3/CD28 stimulation, and the engage-
ment of CD160 with HVEM strongly inhibits  CD4+ T-cell 
proliferation and cytokine expression in a dose-dependent 
manner [3]. Similarly, blockade of CD160 can restore cell 
proliferation in  CD160+  CD8+ T cells, but unlike the situ-
ation in  CD4+ T cells, anti-CD3/CD28 stimulation does 
not upregulate CD160 in  CD8+ T cells [12]. In contrast, 
 CD56dim NK cells, which represent over 90% of all circu-
lating NK cells, highly express CD160, and upon engage-
ment with HVEM, CD160 induces strong phosphorylation 
of ERK1/2 and AKT and enhances NK-mediated lysis of 
target cells [13]. Together, it is clear that CD160 performs 
critical functions in the regulation of immune responses, and 
the specific direction of CD160-mediated regulation appears 
to be dependent on many factors, including the interacting 
ligand, the cell type, and the activation status.

Recently in hepatocellular carcinoma, patients with lower 
density of intratumoral  CD160+ cells presented worse dis-
eases and higher recurrence rates [14]. The intrahepatic NK 
cells were distinguished into  CD160+ and  CD160− sub-
sets, in which  CD160+ NK cells presented higher levels 
of activating molecules, such as NKp30, NKp44, NKp46, 
NKG2D, CD244, and IFN-γ, and lower inhibitory recep-
tor B- and T-lymphocyte attenuator (BTLA) and CTLA-4, 
than  CD160− NK cells. However, the intratumoral  CD160+ 
NK cells were more exhausted than their peritumoral 
 CD160+ NK cell counterparts and presented lower IFN-γ 
expression, which could be restored by TGF-β inhibition. 
In  CD160−/− mice, adoptive transfer of  CD160+ NK cells 
resulted in stronger control of early tumor [10]. These stud-
ies indicated that  CD160+ NK cells were likely beneficial 
to cancer patients.

However, given that CD160 is best characterized with 
inhibition in T cells, the role of CD160-expressing T cells in 
cancer patients remains unclear and should be investigated 
independently. In this study, the characteristics of  CD160+ 
 CD8+ T cells were examined in patients with pancreatic 
cancer.

Methods

Study participants

Fifteen patients with resectable pancreatic cancer were 
recruited in this study. These patients consisted of 10 men 
and 5 women between 41 and 72 years of age. All patients 
were HLA-A2 positive. Diagnosis of pancreatic cancer was 
performed via imaging, ultrasound, and blood tests and con-
firmed using biopsy. All patients presented resectable tumor, 
and both the peripheral blood and tumor samples were col-
lected. Familial pancreatic cancer was not observed in this 

cohort of participants. In addition, potential participants 
with autoimmune diseases, chronic virus infections, alco-
holic liver diseases, cirrhosis, and rare inherited conditions 
were excluded.

Sample collection

Peripheral blood mononuclear cells (PBMCs) were collected 
using standard centrifugation method across the Ficoll gradi-
ent. Tumor-infiltrating lymphocytes (TILs) were collected 
using enzyme digestion according to a previous published 
protocol [15]. Briefly, the resected tumor was rinsed in 
10 × penicillin–streptomycin (Thermo Fisher), and then 
minced into small fragments. The tumor was then incubated 
in a shaking water bath at 37 ˚C for 2 h in the presence of 
1 mg/mL collagenase IV, 30 U/mL DNase, and 100 µg/mL 
hyaluronidase (Sigma). The resulting suspension was then 
strained across a 70-µm cell strainer to obtain TILs. To col-
lect pure  CD8+ T cells, PBMCs and TILs were processed 
using the Human CD8 T cell Enrichment Kit (Stemcell) 
according to the manufacturer’s procedures. This negative 
magnetic isolation process yielded a purity of above 97%, 
as verified in flow cytometry.

Flow cytometry

For the expression of inhibitory molecules,  CD8+ T cells 
from PBMCs and TILs were incubated with anti-human 
CD3, CD8, CD160, PD-1, and TIM-3 (BioLegend) and 
LIVE/DEAD Violet stain (Invitrogen) for 30 min in dark. 
For the expression of intracellular cytokines,  CD8+ T cells 
were incubated with 3 µg/mL each of GolgiPlug and Gol-
giStop (BD Biosciences) for 5 h and then incubated with 
anti-human CD8 and CD160 and Violet stain for 30 min 
in dark. After washing,  CD8+ T cells were incubated for 
20 min in CytoFix/CytoPerm buffer (BD Biosciences) and 
then incubated with anti-human IFN-γ and IL-2 for 30 min 
in dark. The cells were washed to remove excess antibodies 
and fixed in 2% formaldehyde. Samples were acquired in 
FACSCanto cytometer and investigated in FowJo Software 
(version 10).

CD8+ T‑cell stimulation

CD8+ T cells were incubated with phycoerythrin 
(PE)-anti-CD160 and then separated into  CD160− and 
 CD160+ subsets using PE-Positive Selection kit (Stem-
cell). Each subset was then plated at  104 cells per well 
per 100 µL complete medium in a 96-well round bottom 
plate, and incubated with 1 bead per cell Human T-Acti-
vator CD3/CD28 (Thermo Fisher) and 20 U/mL recom-
binant human (rh)IL-2 (R&D systems). The cells were 
harvested at 12 h, 24 h, 48 h, and 96 h post-stimulation, 
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and separated into two portions. One portion was incu-
bated for 5  h with 0.5  µCi/mL radioactive thymidine 
(Amersham) and then harvested for reading in a direct 
β-counter. The other portion was treated using the RNe-
asy Mini kit (Qiagen) and the SuperScript IV Reverse 
Transcriptase kit (Invitrogen) to obtain cDNA. The 
expression of IFNG and IL2 transcripts was then evalu-
ated using commercial TaqMan assays (Hs00989291_m1 
for IFNG and Hs00174114_m1 for IL2). Relative levels to 
the reference gene GAPDH were presented in the figures.

Cytotoxicity assay

CD8+ T cells were separated into  CD160+ and 
 CD160− subsets and stimulated by anti-CD3/CD28 and 
rhIL-2 as described above. After 48 h, stimulated  CD8+ 
T cells were co-incubated with Capan-2 cells (ATCC) at 
various ratios. The amount of cell lysis was then meas-
ured using the LDH Cytotoxicity Assay kit (Invitrogen), 
according to the manufacturer’s procedures. Maximum 
lysis used pure water in place of culture media, and mini-
mum lysis did not contain  CD8+ T cells. Specific lysis 
was calculated as (experiment − minimum)/(maximum 
− minimum) × 100.

Statistical analysis

Results between  CD160+ and  CD160− cells were compared 
using Student’s t-test. Correlation between tumor and blood 
was examined using Pearson correlation test. Differences 
in specific lysis between  CD160+ and  CD160− cells were 
examined using ordinary 2-way ANOVA. A p value smaller 
than 0.05 was considered statistically significant.

Results

CD160+  CD8+ T‑cell characteristics in cancer patients

First, fresh circulating  CD8+ T cells from 15 pancreatic can-
cer patients were isolated from total PBMCs using negative 
magnetic sorting (Supplementary Figure). To examine the 
ex vivo expression of inhibitory receptors PD-1 and TIM-
3, surface staining was performed on  CD8+ T cells imme-
diately following isolation (Fig. 1a). The vast majority of 
PD-1+ and TIM-3+ cells was found in the  CD160− popula-
tion (Fig. 1b). However, the percentage of  CD160+  CD8+ 
T cells that expressed PD-1 was comparable to the percent-
age of  CD160−  CD8+ T cells that expressed PD-1; while, 
the percentage of  CD160+  CD8+ T cells that expressed 

Fig. 1  Expression of PD-1 and TIM-3 by  CD160+ vs.  CD160−  CD8+ 
T cells. Fresh circulating  CD8+ T cells were stained directly ex vivo. 
a Representative gating of CD160 vs. PD-1 and CD160 vs. TIM-3 
in one representative individual, pre-gated on  CD8+ T cells. b Fre-
quencies of PD-1+CD160− and PD-1+CD160+ cells in total  CD8+ T 

cells, and TIM-3+CD160− and TIM-3+CD160+ cells in total  CD8+ T 
cells. c Percent of  CD160− or  CD160+  CD8+ T cells that expressed 
PD-1 and TIM-3. d Geometric mead fluorescence intensity (GMFI) 
of PD-1 and TIM-3 in PD-1+ and TIM-3+ cells, respectively, from 
 CD160− or  CD160+  CD8+ T cells. ns not significant. ***p < 0.001
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TIM-3 was significantly higher than the percentage of 
 CD160−  CD8+ T cells that expressed TIM-3 (Fig. 1c). Inter-
estingly, the level of PD-1 expression by PD-1-expressing 
 CD160+  CD8+ T cells was higher than the level of PD-1 
expression by PD-1-expressing  CD160−  CD8+ T cells; 
while, the level of TIM-3 expression was comparable 
between TIM-3-expressing  CD160+  CD8+ T cells and TIM-
3-expressing  CD160−  CD8+ T cells (Fig. 1d).

To retain ex vivo cytokine expression intracellularly, 
freshly isolated  CD8+ T cells were incubated for 5 h with 
Golgi inhibitors in the absence of any other stimulating 
agents. The expression of cytokines IFN-γ and IL-2 by 
 CD160+ and  CD160−  CD8+ T cells was then examined 
using intracellular staining (Fig. 2a). More IFN-γ+ and IL-2+ 
cells belonged to the  CD160+  CD8+ T-cell subset than the 
 CD160−  CD8+ T-cell subset (Fig. 2b). Subsequently, the 
percentages of  CD160+ cells and  CD160−  CD8+ T cells that 
expressed IFN-γ and IL-2 were calculated. The frequency of 
IFN-γ+ and IL-2+ cells was significantly higher in  CD160+ 
 CD8+ T cells than in  CD160−  CD8+ T cells (Fig. 2c). In 
these patients, no significant association was observed 
between the levels of PD-1 and TIM-3 expression and the 
levels of IFN-γ and IL-2 expression (data not shown).

Overall, the above results demonstrated that under direct 
ex vivo condition,  CD160+  CD8+ T cells presented higher 
inhibitory receptor expression and higher cytokine expres-
sion than  CD160−  CD8+ T cells.

CD160+  CD8+ T cells presented limited 
proliferation potential and higher cell death 
following stimulation

To examine the effector responses of  CD160+ and 
 CD160−  CD8+ T cells upon activation, we separated 
 CD160+ and  CD160−  CD8+ T cells and stimulated each 
population using pan-T-cell activating anti-CD3/CD28 
beads and the T-cell growth factor IL-2. The proliferation 
of each population was examined using radioactive thymi-
dine incorporation assay. At 12 h and 24 h,  CD160− and 
 CD160+  CD8+ T cells presented comparable levels of 
thymidine incorporation (Fig. 3a). However, at 48 h and 
96 h,  CD160+  CD8+ T cells demonstrated significantly 
lower proliferation than  CD160−  CD8+ T cells (Fig. 3a). 
To examine the viability of  CD160+ and  CD160−  CD8+ 
T cells, the numbers of live and dead cells were counted 
using Trypan Blue dye at each time point before pulsing 
with radioactive thymidine. The frequencies of dead cells 
were compared between  CD160+ and  CD160−  CD8+ T 
cells (Fig. 3b). Between 12 and 48 h, no significant differ-
ence was observed between  CD160+ and  CD160−  CD8+ 
T cells (Fig. 3b). At 96 h, however,  CD160+  CD8+ T cells 
presented slightly, but significantly, higher levels of dead 
cells than  CD160−  CD8+ T cells (Fig. 3b).

Fig. 2  Expression of intracellular cytokines by  CD160+ vs.  CD160− 
 CD8+ T cells. Fresh circulating  CD8+ T cells were incubated with 
Golgi inhibitors for 5 h, and the expression of cytokines was exam-
ined via intracellular flow cytometry. a Representative gating of 
CD160 vs. IFN-γ and CD160 vs. IL-2 in one representative indi-

vidual, pre-gated on  CD8+ T cells. b Percent of IFN-γ+ and IL-2+ 
cells found in the  CD160− or  CD160+ subset. c Percent of  CD160− 
or  CD160+  CD8+ T cells that expressed IFN-γ and IL-2. *p < 0.05. 
**p < 0.01. ***p < 0.001
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CD160+  CD8+ T cells presented lower cytokine 
expression following stimulation

To investigate the cytokine expression of  CD160− and 
 CD160+  CD8+ T cells in response to activation, each pop-
ulation was stimulated with anti-CD3/CD28 and IL-2, and 
a portion of the cells was lysed at various time points for 
transcript analysis. Prior to stimulation (time 0), the IFN-γ 
transcription in  CD160+  CD8+ T cells was significantly 
higher than the IFN-γ transcription in  CD160−  CD8+ T 
cells (Fig. 4a), which was consistent with the intracellular 
staining data (Fig. 2). However, 12 h into the stimulation, 
no significant difference between  CD160−  CD8+ T cells 
and  CD160+  CD8+ T cells was observed (Fig. 4a), and at 
24 h onward, the IFN-γ transcription in  CD160−  CD8+ T 
cells was significantly higher than that in  CD160+  CD8+ T 
cells. The IL-2 transcription level was significantly higher 
in  CD160+  CD8+ T cells than in  CD160−  CD8+ T cells 
before stimulation and at 12 h after stimulation (Fig. 4b). 
However, at 24 h post-stimulation, no difference between 
 CD160−  CD8+ T cells and  CD160+  CD8+ T cells was 
seen, and from 48 h onward,  CD160−  CD8+ T cells pre-
sented significantly higher IL-2 expression than  CD160+ 
 CD8+ T cells.

CD160+  CD8+ T cells presented reduced cytotoxicity 
compared to  CD160−  CD8+ T cells

Subsequently, we measured the cytotoxicity by  CD160+ 
 CD8+ T cells and  CD160−  CD8+ T cells form 15 pancreatic 
cancer patients.  CD160+  CD8+ T cells and  CD160−  CD8+ 
T cells were activated using anti-CD3/CD28 beads and IL-2 
for 48 h. Activated  CD8+ T cells (effector cells) were then 
co-incubated with Capan-2, a human pancreatic adenocarci-
noma cell line, acting as target cells. The Capan-2 cell line 
was chosen because both Capan-2 and all of our patients were 
HLA-A2 positive. At every effector/target ratio investigated 
in this study, the cytotoxicity mediated by  CD160+  CD8+ T 
cells was significantly lower than the cytotoxicity mediated by 
 CD160−  CD8+ T cells (Fig. 5a). The expression of granzyme 
B and perforin was then examined in activated  CD160+  CD8+ 
T cells and  CD160−  CD8+ T cells.  CD160+  CD8+ T cells 
presented significantly lower granzyme B and lower perforin 
than  CD160−  CD8+ T cells (Fig. 5b).

Fig. 3  Proliferation of stimulated  CD160+ and  CD160−  CD8+ T cells. 
Circulating  CD8+ T cells were separated into  CD160+ and  CD160− 
subsets, each stimulated by anti-CD3/CD28 beads and IL-2. The cells 
were then pulsed with radioactive thymidine at 12 h, 24 h, 48 h, and 

96 h after stimulation. a The level of thymidine incorporation at each 
time point. b The frequency of dead cells at each time point. ns not 
significant. **p < 0.01. ***p < 0.001
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The  CD160+ subset was enriched 
in tumor‑infiltrating  CD8+ T cells

Finally, the characteristics of  CD160+  CD8+ T cells in resected 
tumor were investigated. Compared to the frequencies of 
 CD160+  CD8+ T cells in the blood of the patients, the frequen-
cies of  CD160+  CD8+ T cells in the tumors were significantly 
elevated (Fig. 6a). No correlation between the frequency of 
 CD160+  CD8+ T cells in blood and the frequency of  CD160+ 
 CD8+ T cells in tumor was observed (Fig. 6b).

The mRNA transcript levels of cytokines and inhibitory 
molecules were then examined in  CD160+ and  CD160− tumor-
infiltrating  CD8+ T cells, immediately after isolation and sort-
ing. Tumor-infiltrating  CD160+  CD8+ T cells presented sig-
nificantly higher PD-1 than tumor-infiltrating  CD160−  CD8+ 
T cells (Fig. 6c). The expression levels of TIM-3, IFN-γ, 
and IL-2 were also significantly higher in tumor-infil-
trating  CD160+  CD8+ T cells than in tumor-infiltrating 
 CD160−  CD8+ T cells (Fig. 6d, f). These trends in tumors 
were similar to those in the peripheral blood.

Patients with higher frequencies of tumor  CD160+ 
 CD8+ T cells presented lower survival

The survival of pancreatic cancer patients after tumor resec-
tion was recorded, and we examined whether the length of 
survival was associated with the frequency of  CD160+ cells 
in  CD8+ T cells. No association between the blood frequen-
cies of  CD160+  CD8+ T cells and the survival of the patients 
was observed (Fig. 7a). In contrast, patients with higher fre-
quencies of  CD160+ cells in tumor-infiltrating  CD8+ T cells 
presented shorter survival time (Fig. 7b).

Discussion

In this study, we examined the characteristics of  CD160+ 
 CD8+ T cells in comparison with  CD160−  CD8+ T cells. 
The  CD160+  CD8+ T cells directly ex vivo presented com-
parable PD-1 expression and significantly higher TIM-3 
expression than  CD160−  CD8+ T cells. TIM-3 was first 

Fig. 4  Expression of cytokines by stimulated  CD160+ and  CD160− 
 CD8+ T cells. Circulating  CD8+ T cells were separated into  CD160+ 
and  CD160− subsets, each stimulated by anti-CD3/CD28 antibodies 

and IL-2. The (a) IFN-γ and (b) IL-2 transcript levels were examined 
before stimulation (time 0) and at 12  h, 24  h, 48  h, and 96  h after 
stimulation. ns not significant. ***p < 0.001
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found on IFN-γ-expressing  CD4+ and  CD8+ T cells [16]. 
Later studies demonstrated that TIM-3 was associated with 
exhausted T cells in chronic virus infections and TILs, and 
engagement with TIM-3 ligand could trigger T-cell apopto-
sis [17, 18]. Interestingly, by staining for intracellular IFN-γ 
and IL-2 expression directly ex vivo, we found that the fre-
quencies of IFN-γ+ and IL-2+ cells were significantly higher 
in  CD160+  CD8+ T cells than in  CD160−  CD8+ T cells. 
These data combined seemed to suggest that the  CD160+ 
 CD8+ T cells represented an activated  CD8+ T-cell subset 
directly ex vivo.

To investigate the function of  CD160+  CD8+ T cells 
upon activation, we separated  CD160+  CD8+ T cells and 
 CD160−  CD8+ T cells prior to stimulation. This was done 
to prevent alterations in CD160 expression in stimulated 
cells.  CD160+  CD8+ T cells and  CD160−  CD8+ T cells 
were then activated by anti-CD3/CD28 and IL-2 in separate 
cell cultures. Upon CD3/CD28/IL-2-mediated stimulation, 
the proliferation capacity of  CD160+ and  CD160−  CD8+ T 
cells was comparable at 12 and 24 h post-stimulation, but 
was significantly lower in  CD160+  CD8+ T cells than in 
 CD160−  CD8+ T cells at 48 h and 96 h post-stimulation. 
Also, the cell death following activation was comparable 
between 12 and 48 h post-stimulation, but was slightly 
higher in  CD160+  CD8+ T cells than in  CD160−  CD8+ T 

Fig. 5  Cytotoxicity of  CD160+ and  CD160−  CD8+ T cells. Circulat-
ing  CD8+ T cells were separated into  CD160+ and  CD160− subsets, 
each stimulated by anti-CD3/CD28 antibodies and IL-2 for 48  h. a 
Stimulated  CD8+ T cells were co-incubated with target Capan-2 cells 
at ratios indicated above for 12 h. The specific lysis was then meas-
ured using lactate dehydrogenase release assay. Mean ± SD of 15 
pancreatic patients was shown. b Stimulated  CD8+ T cells were lysed 
and the granzyme B (GZMB) and perforin (PRF) transcript levels 
were examined. ns not significant. ***p < 0.001

Fig. 6  Characteristics of  CD160+ tumor-infiltrating  CD8+ T cells. 
a  CD160+ cell frequencies in tumor-infiltrating  CD8+ T cells, com-
pared with that in circulating  CD8+ T cells from the same patients. 
b The correlation between the percent of  CD160+  CD8+ T cells in 
tumor vs. that in blood. c–f  CD160+ and  CD160− tumor-infiltrating 
 CD8+ T cells were sorted and the transcript levels of PD-1, TIM-3, 
IFN-γ, and IL-2 were examined using PCR. *p < 0.05. **p < 0.01. 
***p < 0.001

Fig. 7  The association between the frequencies of  CD160+  CD8+ 
T cells and the length of survival after tumor resection. a The asso-
ciation between the duration of patient survival and the frequencies 
of  CD160+  CD8+ T cells in the peripheral blood. b The associa-
tion between the duration of patient survival and the frequencies of 
 CD160+  CD8+ T cells in the resected tumor. Pearson correlation test
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cells at 96 h post-stimulation. However, the difference in 
cell death occurred at 96 h, while the difference in prolif-
eration occurred much earlier at 48 h, suggesting that the 
higher death in  CD160+  CD8+ T cells was only a secondary 
contributor to lower proliferation. The underlying cause of 
elevated cell death in  CD160+  CD8+ T cells has not been 
investigated in this study. Activation-induced cell death 
may have acted in both  CD160− and  CD160+  CD8+ T cells 
[19]. Also,  CD160+  CD8+ T cells may have been subjected 
to additional suppression due to the interactions between 
CD160 and its ligand HVEM [3, 8, 20]. These possibilities 
should be investigated in future studies.

Besides proliferation, we also compared cytokine produc-
tion and cytotoxicity between  CD160+  CD8+ T cells than 
in  CD160−  CD8+ T cells. The IFN-γ and IL-2 transcrip-
tion levels were initially higher in  CD160+  CD8+ T cells 
but eventually reduced in  CD160+  CD8+ T cells compared 
to  CD160−  CD8+ T cells. Also, we observed that  CD160+ 
 CD8+ T cells presented lower cytotoxic capacity than 
 CD160−  CD8+ T cells. This was different from some previ-
ous studies, which suggested that CD160 could be used as a 
marker that selected NK cells and cytotoxic T cells with high 
cytotoxic capacity [6, 7, 21]. One possible explanation was 
that the  CD160−  CD8+ T cells might become  CD160+ cells 
upon anti-CD3/CD28 and IL-2 stimulation, and it was those 
CD160-upregulated cells that mediated cytotoxicity. How-
ever, Vigano et al. demonstrated that unlike PD-1, which 
could be elevated following stimulation and T-cell activa-
tion, CD160 did not present the same expression dynamic 
[12]. In anti-CD3/CD28-stimulated  CD8+ T cells, the 
expression of CD160 was in fact downregulated with long 
duration of stimulation, while the expression of PD-1 was 
markedly upregulated. Hence, the reason for the discrepan-
cies between our current study and previous investigations 
could not be explained by CD160 expression in stimulated 
 CD8+ T cells.

A major limitation of this study is that the specific signal-
ing cascade downstream of CD160 has not been addressed 
in these  CD160+  CD8+ T cells. Hence, it is unclear whether 
stimulated  CD160+  CD8+ T cells intrinsically presented 
lower activation potential, or required interaction with 
ligands. Two ligands have been identified to interact with 
CD160, including the MHC class I molecules and HVEM. 
Interestingly, HVEM is prevalently expressed by pancre-
atic tumor cells [22]. Its interaction with  CD160+  CD8+ T 
cells should be further examined, potentially using HVEM-
Fc fusion proteins. In addition, whether HVEM and MHC 
class I molecules send similar or different signals to  CD160+ 
 CD8+ T cells remains to be investigated.

Another possibility is that the function of  CD160+ 
 CD8+ T cells could be inhibited via other inhibitory recep-
tors that were co-expressed with CD160, such as TIM-3 in 

blood  CD160+  CD8+ T cells and PD-1 and TIM-3 in tumor 
 CD160+  CD8+ T cells. Indeed, we found that the levels 
of  CD160+  CD8+ T cells were inversely associated with 
patient survival, which appeared paradoxical since tumor 
 CD160+  CD8+ T cells had significantly higher IFNG and 
IL2 expression than  CD160−  CD8+ T cells. To what extent 
is this caused by the associated PD-1 and TIM-3 is unclear. 
Both PD-1 and TIM-3 can serve as markers of activated/
effector cells in addition to their role in suppressing further 
activation and label exhausted T cells [23, 24]. The avail-
able data seem to suggest that  CD160+  CD8+ T cells have 
basal cytokine production directly ex vivo due to chronic 
activation but are unable to respond to further activation 
due to exhaustion. In the current study, the frequencies 
of  CD160+  CD8+ T cells and those that expressed PD-1 
and TIM-3 were low, which prevented further functional 
analyses. In the future, diseases that are characterized 
by chronic activation and/or exhaustion, such as autoim-
mune diseases and infections, might be investigated for the 
frequency and characteristics of  CD160+  CD8+ T cells. 
 CD8+ T cells that co-express CD160 and PD-1 and/or 
TIM-3 may be sorted for the examination of proliferation, 
cytokine expression, granzyme B and perforin expression, 
and cytotoxicity. In addition, whether PD-1 and TIM-3 
blockade, in combination with CD160 blockade could ele-
vate the effector response of  CD160+  CD8+ T cells should 
be examined.
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