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Abstract. Previous studies using mouse liver tumor models 
have indicated that coexpression of CD38 and CD101 in 
programmed cell death‑1 (PD‑1)+CD8+ T cells may reflect 
fixed dysregulation of CD8+ T cells and thus indicate a poor 
response to anti‑PD‑1 immunotherapy. However, whether CD38 
and CD101 expression in PD‑1+CD8+ T cells can predict the 
clinical status and efficacy of chemotherapy for various cancer 
types, including ovarian cancer (OC), remains unclear. In the 
present study, peripheral blood mononuclear cells (PBMCs) 
were obtained by Ficoll‑Hypaque gradient centrifugation from 
96 fresh samples from healthy adult volunteers and patients 
with epithelial OC, aged 55.21±9.91  years. Additionally, 
tumor‑infiltrating lymphocytes (TILs) were separated using a 
combination of mechanical, chemical and enzymatic digestion 
from fresh surgically removed tumor tissues from 15 patients 
with epithelial OC. The expression of CD38 and CD101 in 
PD‑1+CD8+ T cells or TILs was detected by flow cytometry 
or immunofluorescence (IF) staining, respectively. The 
association between the level of CD38/CD101 expression and 
clinicopathological parameters or postoperative chemotherapy 
in patients with OC was statistically analyzed. The levels of 
CD38/CD101‑coexpressing PD‑1+CD8+ T cells were signifi-
cantly increased in PBMCs and TILs of patients with OC 
compared with those of healthy volunteers. The frequency of 
PD‑1+CD38+CD101+CD8+ T cells among the total PD‑1+CD8+ 
T cell subpopulation was negatively associated with clinical 
stage, lymph node metastasis and postoperative chemotherapy 

prognosis in patients with OC. Furthermore, IF staining 
confirmed colocalization of CD38 and CD101 on the majority 
of TILs in OC tissues. Thus, the present study suggests that 
coexpression of CD38 and CD101 in peripheral PD‑1+CD8+ 
T cells and TILs may serve as a new indicator for diagnosis 
and treatment efficacy in patients with epithelial OC.

Introduction

The incidence of ovarian cancer (OC) is third highest among 
female genital malignancies, and has the highest fatality rate; for 
example, ~14,080 women died from OC in the United States in 
2017 (1). Moreover, the mortality rate of OC ranks first among 
all types of gynecological tumors, and these malignant tumors 
seriously threaten the lives of women (2). In recent decades, 
there have been three major advances in the diagnosis and 
treatment of OC, namely, scientific surgical pathology staging, 
maximum tumor reduction surgery, and combination chemo-
therapy with platinum and paclitaxel, which have increased the 
5‑year survival rate of patients from ~35 to 50% (1). However, 
there are no effective biomarkers for the early diagnosis of 
OC; thus, 70‑80% of patients are at the late stage of the disease 
upon hospital admission and miss the optimal time window for 
radical surgery, chemotherapy and radiotherapy (3). Therefore, 
it is crucial to identify suitable prognostic biomarkers of OC to 
improve outcomes in patients.

CD8+ cytotoxic T lymphocytes (CTLs) specifically kill 
tumor cells and play an important role in antitumor immunity. 
However, numerous factors in the tumor microenvironment 
(TME) can induce CD8+ T cells to upregulate the expression 
of the inhibitory receptor programmed cell death‑1 (PD‑1) (4). 
The binding of PD‑1 to programmed cell death‑ligand 1 
(PD‑L1) significantly decreases the ability of CD8+ CTLs to 
kill tumor cells (5). Although several basic studies and clinical 
trials have shown that anti‑PD‑1 or anti‑PD‑L1 antibodies 
can elicit significant antitumor immunity, ~80% of patients 
fail to respond to treatment with antibodies against PD‑1 or 
PD‑L1 (6). Based on the available clinical data, PD‑1 blockade 
is effective in only a small number of patients with certain 
types of tumors. Furthermore, the molecular mechanisms that 
underlie this phenomenon remain to be clarified.

Recently, Schietinger  et  al  (7) reported that tumor‑
infiltrating lymphocytes (TILs) in mice strongly express PD‑1 
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and that their differentiation involved two separate chromatin 
states, i.e., a therapeutically reversible state (state 1) and a 
fixed state (state 2) (7). These authors further demonstrated 
that the CD8+ T cells in state 1 exhibit a low level of CD38 
and CD101 coexpression, and can recover the ability to secrete 
interferon‑γ (IFN‑γ) and tumor necrosis factor‑α (TNF‑α) 
following in vitro stimulation, thus restoring the ability of 
the CD8+ T cells to kill tumor cells. By contrast, state 2 is 
an irreversible dysfunctional state in which the CD8+ T cells 
strongly coexpress CD38 and CD101, and cannot recover 
IFN‑γ or TNF‑α secretion despite several rounds of stimula-
tion  (8). Therefore, the coexpression of CD38 and CD101 
on PD‑1+CD8+ T cells can predict the therapeutic effect of 
anti‑PD‑1/PD‑L1 blockade (8). Nonetheless, whether the coex-
pression of CD38 and CD101 in PD‑1+CD8+ T cells can predict 
the clinical prognosis of OC remains unclear.

In the present study, the expression and distribution of 
CD38/CD101 in PD‑1+CD8+ T cells was examined in peripheral 
blood and cancer tissues of patients with OC. Furthermore, the 
association of PD‑1+CD8+ T cell subsets with patient clinical 
parameters, postoperative chemotherapy outcome indexes, 
serum cancer antigen 125 (CA125) and human epididymis 
protein 4 (HE4) values was analyzed to explore the predictive 
value of CD38/CD101 coexpression in PD‑1+CD8+ T cells on 
the prognosis of patients with OC.

Materials and methods

Patients. A total of 96 women with epithelial OC aged 
37‑68 years (mean age, 55.21±9.91 years) were enrolled in the 
present study, as well as 26 age‑matched healthy volunteers. 
All patients were admitted to the Department of Obstetrics 
and Gynecology at Southwest Hospital of the Third Military 
Medical University (Chongqing, China) between March 2017 
and February 2018. On the basis of histological stage, 45 cases 
had high and moderate differentiation, and 51  cases had 
low differentiation. Tumour staging was performed by the 
International Federation of Gynecology and Obstetrics clas-
sification (https://www.figo.org). Inclusive criteria were as 
follows: Ovarian cancer as the first tumor; no radiotherapy 
or chemotherapy treatment before admission; and all speci-
mens histologically confirmed with complete clinical data. 
Exclusive criteria were as follows: Borderline OC or OC in 
combination with other malignant tumors or abnormal liver 
and kidney; severe blood coagulation disorders; and primary 
cardiovascular and cerebrovascular diseases. The detailed 
clinical characteristics of these patients and the healthy 
controls are shown in Table I. Written, informed consent was 
obtained from all subjects prior to participation, and the study 
was approved by the ethics committee of the Third Military 
Medical University in Chongqing, China.

Cell separation. Fresh peripheral blood mononuclear cells 
(PBMCs) were obtained from the peripheral blood of healthy 
adult volunteers and patients with OC by Ficoll‑Hypaque 
gradient centrifugation (Axis‑Shield), according to the manu-
facturer's instructions. TILs were separated from the fresh 
tumor tissue of 15 patients with epithelial OC by a combina-
tion of mechanical, chemical and enzymatic digestion. Briefly, 
tissues were cut into small pieces with a surgical scissor, and 

were digested with type IV collagenase and pancreatin (Gibco; 
Thermo Fisher Scientific, Inc.). The TILs were then obtained 
by Ficoll‑Hypaque gradient centrifugation.

Flow cytometric analysis. The PBMCs or TILs were stained 
with the following fluorochrome‑labeled monoclonal antibodies 
(mAbs) at 4˚C for 30 min in the dark: Anti‑CD3‑PerCP (1:100; 
cat. no. 300428; BioLegend, Inc.), anti‑CD8‑FITC (1:100; 
cat. no. 11‑0086.42; eBioscience; Thermo Fisher Scientific, 
Inc.), anti‑PD‑1‑PE/Cy7 (1:100; cat. no. 329918; BioLegend, 
Inc.), anti‑CD38‑PE (1:100; cat.  no.  4322550; Invitrogen; 
Thermo Fisher Scientific, Inc.) and anti‑CD101‑APC (1:100; 
cat. no. 331007; BioLegend, Inc.). Isotype control antibodies 
were used to ensure accurate compensation and to set gates. 
The stained cells were analyzed using a FACSCalibur flow 
cytometer (BD Biosciences), and the data were analyzed with 
FlowJo 10 software (FlowJo LLC).

Immunofluorescence (IF) analysis. The colocalization of 
CD38 and CD101 was assessed by IF staining of fresh tumor 
tissues and adjacent non‑tumor tissues from five patients 
with epithelial OC representative of the whole cohort. For 
double‑staining with anti‑CD38 (cat. no. ZM‑0422; OriGene 
Technologies, Inc.) and anti‑CD101 (cat. no. AG09158376; 
BIOSS) antibodies, anti‑CD38 (50  µl) and anti‑CD101 
(1:100) were mixed and applied to slides, and subsequently 
incubated for 12 h at 4˚C in a humidified chamber. Next, 
DyLight 488‑labeled anti‑rabbit (1:500; cat.  no. A‑11008; 
Invitrogen, Thermo  Fisher Scientific, Inc.) and DyLight 
555‑labeled anti‑mouse antibodies (1:500; cat. no. A‑31570; 
Invitrogen; Thermo Fisher Scientific, Inc.) were applied for 
60 min at 37˚C. Nuclear counterstaining was performed by 
incubating the slides in DAPI (1:100 in PBS; Invitrogen; 
Thermo Fisher Scientific, Inc.) for 5 min at room temperature. 
Normal mouse, goat or rabbit IgG (1:100; cat. no. bs‑0296P; 
BIOSS) was used as an isotype control. Images were obtained 
using an upright fluorescence microscope at x200 magnifica-
tion (Olympus Corporation).

Statistical analysis. All data were analyzed using SPSS 
statistics software (v24.0; IBM Corp.) and GraphPad Prism 
software (v6.0; GraphPad Software, Inc.). All experiments 
were repeated three times and all data are presented as the 
mean ± SD. P<0.05 was considered to indicate a statistically 
significant difference. The patients were divided into high‑ 
and low‑expression groups according to the median value. 
Student's t‑test was used to analyze comparisons between two 
groups, and the χ2 test was applied to analyze the associations 
between each cell subset and the clinicopathological param-
eters of patients. The associations between CD38/CD101 
coexpression on PD‑1+CD8+ T cells in PBMCs or TILs and 
serum CA125 or HE4 levels following surgery and first chemo-
therapy in OC patients were analyzed using nonparametric 
Kruskal‑Wallis test.

Results

CD38/CD101 were markedly upregulated on peripheral 
PD‑1+CD8+ T  cells of patients with OC. PD‑1 is a key 
checkpoint factor in immunosuppressive pathways and an 
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acceptable marker of immune failure. The overexpression 
of PD‑1 has been reported in patients with OC compared 
with healthy donors (9). Therefore, the expression of PD‑1 
on peripheral CD8+ T lymphocytes was investigated in 
patients with OC by flow cytometry, using the indicated 
gating strategies (Fig. 1A). Statistical analysis revealed that 
the frequency of PD‑1+CD8+ T cells in the peripheral blood 
of patients with OC was significantly higher than that in 
the peripheral blood of healthy controls (Fig. 1B). Further 
analysis of CD38 and CD101 expression on PD‑1+CD8+ 
T cells demonstrated that the frequencies of CD38‑CD101+ 
and CD38+CD101+PD‑1+ CD8+ T cells were higher in samples 
from patients with OC than in samples from healthy controls. 
In contrast, the frequency of CD38‑CD101‑PD‑1+CD8+T and 
CD38+CD101‑PD‑1+CD8+T cells was dramatically decreased 
in samples from patients with OC compared with those from 
healthy controls (Fig. 1C).

Clinical significance of PD‑1 and CD38/CD101 expression on 
peripheral CD8+ T cells in patients with OC. In order to explore 
the clinical significance of CD38 and CD101 expression on 
PD‑1+CD8+ T cell subpopulations in OC patients, the associations 
between the expression frequency of total peripheral PD‑1+CD8+ 
T or CD38/CD101‑expressing peripheral PD‑1+CD8+ T cells and 
clinical parameters or postoperative chemotherapy outcomes 
were analyzed. According to the results, total PD‑1+CD8+ 
T cells and all PD‑1+CD8+ T cell subsets showed no association 
with age or histopathological grade of patients (Table II and 
Table SI). Moreover, the frequency of total PD‑1+CD8+ T cells 
and positive expression of CD38 or CD101 on PD‑1+CD8+ 
T cell subsets were not associated with the clinicopathological 
parameters of patients (Table SI). However, the double‑positive 
or double‑negative expression of CD38/CD101 on PD‑1+CD8+ 
T cell subsets was significantly associated with tumor grade and 
lymph node metastasis (Table II).

Table I. Patient clinicopathological parameters.

Clinicopathological parameters	 Peripheral blood samples, n=96	 Tissue samples, n=15

Age (years)	 37‑68	 37‑68
Pathological grade, well + moderately	 45/51	 4/11
differentiated/poorly differentiated
Tumor grade, T1‑T2/T3‑T4	 25/71	 3/12
Lymph node metastasis, N0/N1	 26/70	 3/12
Distant metastasis, M0/M1	 93/3	 15/0
Serum CA125 (U/ml), ≤35/>35	 25/71	 4/11
Serum HE4 (pmol/ml), ≤76.2/>76.2	 31/65	 4/11

CA125, cancer antigen 125; HE4, human epididymis protein 4.

Table II. Association between CD38/CD101 coexpression in PD‑1+CD8+ T cells and clinical parameters of patients with ovarian 
cancer.

	 PD‑1+CD38+	 PD‑1+CD38‑

	 CD101+	 CD101‑

	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Clinicopathological parameters	 n	 Low	 High	 P‑value	 Low	 High	 P‑value

Age (years)				    0.537			   0.537
  <55	 54	 29	 25		  25	 29	
  ≥55	 42	 19	 23		  23	 19	
Pathological grade				    0.101			   0.220
  Well/moderately differentiated (G1‑G2)	 45	 27	 18		  19	 26	
  Poorly differentiated (G3)	 51	 21	 30		  29	 22	
Tumor grade				    0.019			   0.019
  T1‑T2	 25	 18	 7		  7	 18	
  T3‑T4	 71	 30	 41		  41	 30	
Lymph node metastasis				    0.002			   0.038
  N0	 26	 20	 6		  8	 18	
  N1	 70	 28	 42		  40	 30	

P‑values were all calculated by the χ2 test. PD‑1, programmed cell death‑1.
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Similarly, the frequency of total PD‑1+CD8+ T cells and 
positive expression of CD38 or CD101 on PD‑1+CD8+ T cell 
subsets was not associated with the therapeutic effect of 
chemotherapy following surgical resection (Fig. S1), whereas 
double‑positive or double‑negative expression of CD38/CD101 
on PD‑1+CD8+ T cell subsets were significantly associated 
with the therapeutic effect (Fig. 2).

Expression of CD38/CD101 on CD8+ T cells among TILs 
from patients with OC and clinical significance. TILs 
were isolated from OC tissues, and expression frequencies 
of PD‑1, CD38 and CD101 on CD8+ T cells from OC TILs 
were determined separately by flow cytometry. Similar to 
the observations in peripheral blood, the frequency of total 
PD‑1+CD8+ T cells and positive expression of CD38 or CD101 
on PD‑1+CD8+ T cell subsets were not associated with the 

clinicopathological parameters of patients except that CD38 
expression on PD‑1+CD8+ T cells was associated with the 
pathological grade (P=0.037; Figs. 3A and S2A). In contrast, 
double positive or double negative expression of CD38/CD101 
on PD‑1+CD8+ T cell subsets was significantly associated with 
lymph node metastasis (Fig. 3A).

Additionally, the frequency of total PD‑1+CD8+ T cells 
and positive expression of CD38 or CD101 on PD‑1+CD8+ 
T cell subsets was not associated with the therapeutic effect 
of chemotherapy following surgical resection (Fig.  S2B). 
However, both double‑positive and double‑negative expression 
of CD38/CD101 on PD‑1+CD8+ T cell subsets demonstrated 
significant association with the therapeutic effect (Fig. 3B).

Colocalization of CD38 and CD101 on TILs from OC 
tissues. The flow cytometry results indicated that the levels 

Figure 1. PD‑1+CD8+ T cell subsets in the peripheral blood of patients with ovarian cancer. (A) CD38 and CD101 expression on PD‑1+CD8+ T cells was detected 
by flow cytometry with the indicated gating strategies. (B) PD‑1 expression on peripheral CD8+ T cells. (C) CD38 and CD101 expression on PD‑1+CD8+ T cells 
from patients with OC (n=96) and HCs (n=26). PD‑1, programmed death‑1; OC, ovarian cancer; HCs, healthy controls.
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of CD38+CD101+ T cells were significantly increased in OC 
tissues. Thus, double‑IF staining was conducted in order to 
assess whether CD38 and CD101 are able to colocalize on 
TILs from OC tissues. The results showed that both CD38 
and CD101 were highly expressed in OC tissues, and some 
staining revealed colocalization of the two markers on TILs. In 
contrast, almost no CD38 and CD101 expression was observed 
in adjacent tissues (Fig. 4).

Discussion

The immune system plays a crucial role in the antitumor 
process. On one hand, the immune system can monitor and 
eliminate tumor cells and prevent the development of tumors. 
On the other hand, in a complex TME, tumor cells exert an 
inhibitory effect on the immune system, allowing tumor 
cells to evade immune surveillance, and rapidly multiply and 
metastasize in vivo (10). T cells differentiate from lymphatic 
stem cells in the thymus, and are the most complex type of 
lymphocytes (11). Among T cells, killer T cells, which are also 
called cytotoxic T cells, release perforin/granzyme, and cyto-
kines such as IFN‑γ and TNF‑α to kill target cells, including 
cells infected by pathogens and cells expressing tumor‑specific 
antigens (12). To ensure that T cells are not overstimulated, 
activated T  cells also express coinhibitory molecules, 
mainly cytotoxic T‑lymphocyte‑associated protein 4‑B7 and 
PD‑1/PD‑L1, which regulate their activity (13‑15).

However, the TME usually induces CD8+ T cells to over-
express immunosuppressive molecules such as PD‑1; binding 
of PD‑1 with PD‑L1, a ligand on the surface of tumor cells, 

significantly inhibits the ability of CD8+ CTLs to eliminate 
tumor cells (5). It is widely known that the binding of PD‑1 
with PD‑L1 activates a critical immune checkpoint, leading to 
T cell dysfunction, exhaustion and tolerance (16‑18). Moreover, 
high‑affinity anti‑PD‑1 or anti‑PD‑L1 mAbs, which block the 
PD‑1‑PD‑L1 interaction, can reverse the immune checkpoint, 
releasing the repression of T cell responses (19). However, 
previous studies have also shown that certain CD8+ T cells can 
enter an irreversible dysfunctional state that cannot be rescued 
by PD‑1/PD‑L1 blockade. In the majority of advanced tumors, 
with the exception of Hodgkin's lymphoma and melanoma, the 
objective response rate with anti‑PD‑1/PD‑L1 monotherapy 
is only ~20% (20), which strongly suggests that PD‑1+CD8+ 
T cells may comprise a highly heterogeneous population, of 
which a certain subpopulation may determine the effects of 
PD‑1 blockade immunotherapy.

Recently, Schietinger et al (7) demonstrated that tumor‑
transformed tissues express tumor‑specific antigens during 
tumorigenesis. In the noninflammatory TME, a small number 
of inhibitory receptors expressed in original tumor‑specific 
CD8+ T cells disrupt CD8+ T cell function; this dysfunction 
is reversible during the early stages of malignancy (state 1). 
However, during persistent antigen stimulation, CD8+ T cells 
continuously upregulate the expression of inhibitory receptors 
such as PD‑1, thus causing irreversible dysfunction of CD8+ 
T cells and loss of the killing effect of CD8+ T cells against 
tumors, which contributes to tumor immune escape and unreg-
ulated growth (state 2) (7,21). Notably, Schietinger et al (7) 
further reported that CD8+ T cells in state 1 exhibit low levels 
of CD38 and CD101 coexpression, and can recover the ability 

Figure 2. Association between CD38/CD101 coexpression on PD‑1+CD8+ T cells and serum CA125 and HE4 levels following surgery and first chemotherapy 
in patients with ovarian cancer. PD‑1, programmed death‑1; CA125, cancer antigen 125; HE4, human epididymis protein 4.

https://www.spandidos-publications.com/10.3892/ol.2020.11580
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to secrete IFN‑γ and TNF‑α following in vitro stimulation to 
kill tumors, and that CD8+ T cells in state 2 strongly coex-
press CD38 and CD101, and lose their ability to secrete IFN‑γ 
and TNF‑α despite several rounds of stimulation (8). These 
results indicate that PD‑1+CD8+ T cells can be subgrouped into 
several subpopulations according to their CD38 and CD101 
expression. This hypothesis may explain the observation that, 
although PD‑1/PD‑L1 blockade with neutralizing antibodies 
has achieved great clinical success in combating certain 
cancer types, and long‑lasting responses can be achieved in 
patients  (22,23), clinical trials have demonstrated that the 
majority of patients with PD‑L1+/PD‑1+ expression do not 
respond to PD‑1/PD‑L1 blockade (20).

The aforementioned studies also suggest that the frequency 
of PD‑1+CD8+ T  cell subsets with different CD38/CD101 

expression patterns may be a key indicator of tumor prognosis. 
To verify this hypothesis, the association of CD38/CD101 
expression in PD‑1+CD8+ T cells with clinical parameters and 
postoperative chemotherapy outcomes in patients OC was 
analyzed in the present study. The results demonstrated that the 
proportion of CD38/CD101‑coexpressing PD‑1+CD8+ T cells 
significantly increased and the proportion of CD38/CD101 
double‑negative PD‑1+CD8+ T cells was markedly decreased 
in peripheral blood and tumor tissues of patients with OC 
compared with the proportions in paracancerous tissues. The 
frequency of PD‑1+CD38+CD101+CD8+ T cells was associated 
with clinical stage, lymph node metastasis and postoperative 
chemotherapy outcomes in patients with OC but not with 
age or histological grade. A higher level of CD38 and CD101 
expression was associated with a higher degree of malignancy 

Figure 3. Association between CD38/CD101 coexpression on PD‑1+CD8+ T cell subsets among TILs. CD38/CD101 coexpression on PD‑1+CD8+ T cell subsets 
among TILs based on (A) clinical parameters of patients with OC and (B) serum CA125 and HE4 levels following treatment. PD‑1, programmed death‑1; OC, 
ovarian cancer; CA125, cancer antigen 125; HE4, human epididymis protein 4; TILs, tumor‑infiltrating lymphocytes.
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in OC and worse postoperative chemotherapy outcomes. 
Therefore, the coexpression of CD38 and CD101 in PD‑1+CD8+ 
T cells may be used as an indicator of adjuvant diagnosis and 
prognosis in patients with OC, and may serve as an effective 
adjuvant biological index for determining the applicability of 
anti‑PD‑1 immunotherapy in patients with OC.

CD38 is a 45‑kDa single‑chain transmembrane glyco-
protein that localizes to the cell membrane. The expression 
of CD38 in human peripheral blood lymphocytes varies with 
age (24). The first indicator that CD38 may be involved in 
signal transduction was due to the fact that the interaction 
between CD38 and ligands on PBMCs and T cell lines can 
induce activation and proliferation signals (24). Furthermore, 
studies on hepatitis B virus and human immunodeficiency 
virus have shown that, since CD38 induces T cell activation 

via external signals, CD38+ can be used as a T cell activa-
tion marker  (25,26). CD101 is a 240‑kDa disulfide‑linked 
homodimeric type I glycoprotein (27) that was considered 
to play a costimulatory role in T cell receptor/CD3‑mediated 
T cell activation. A mAb against CD101 inhibits allogeneic 
T  cell responses  (28). Therefore, CD38 and CD101 are 
viewed as markers of T cell activation (24,29); however, the 
overexpression of these factors may also be considered an 
exhaustion marker due to overactivation of T cells, particu-
larly when these factors are highly expressed in PD‑1+CD8+ 
T cells. The expression of PD‑1 was significantly increased 
following T cell activation to limit T cell overactivation; thus, 
sustained high expression of PD‑1 in T cells has been viewed 
as a marker of T cell exhaustion. It is reasonable to propose 
that high CD38, CD101 and PD‑1 expression in CD8+ T cells 

Figure 4. CD38/CD101 colocalization on TILs from ovarian cancer tissues. Five fresh samples of OC tissue and matched paracancerous tissue were analyzed 
by immunofluorescence staining with anti‑human CD38 (red), anti‑human CD101 (green) antibodies and counterstained with DAPI (blue). Representative 
results of the five IF samples are shown. Boxes indicate enlarged areas. The arrows indicate the CD38 and CD101 co‑expressing cells. PD‑1, programmed 
death‑1; OC, ovarian cancer; TILs, tumor‑infiltrating lymphocytes. Magnification, x200.
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represents the irreversible state 2 of CD8+ T cells. Hence, a 
significant increase in CD38+CD101+PD‑1+CD8+T cells would 
predict poor clinical status and treatment outcomes for patients 
with OC, which is supported by the data in the present study, 
i.e., CD38/CD101 coexpression levels in PBMCs and TILs in 
patients with terminal‑stage OC were much higher than those 
in patients with early‑stage OC.

CA125 is currently the most commonly used biomarker 
for OC (30,31); it is employed as a diagnostic tool to assess 
the effect of OC treatment and to monitor recurrence (32,33). 
HE4 is considered a potential biomarker for OC because 
it is expressed in 32% of patients with OC without CA125 
expression, and the Food and Drug Administration has 
approved HE4 for monitoring disease recurrence in patients 
with OC (34). Thus, the combination of serum CA125 and 
HE4 measurements may improve evaluations of malignancy 
prognosis in ovarian tumors  (35,36). The present study 
demonstrated that patients with OC and a higher frequency 
of CD38+CD101+PD‑1+CD8+ T cells exhibited higher CA125 
and HE4 levels upon chemotherapy following surgical resec-
tion compared with those of patients with a lower frequency 
of CD38+CD101+PD‑1+CD8+ T cells. Thus, the hypothesis 
that coexpression of CD38/CD101 on PD‑1+CD8+ T cells is 
an indicator of worse prognosis in patients with OC is further 
supported.

In conclusion, the present study is the first to demonstrate 
an association between the coexpression of CD38/CD101 in 
PD‑1+CD8+ T cells and the clinical stage, lymph node metas-
tasis of patients with OC; by contrast, total PD‑1+CD8+ T cells 
alone among TILs or PBMCs do not reflect disease status or 
prognosis. These observations are in line with a previous study, 
in which CD38/CD101 protein coexpression was suggested to 
represent a more useful predictor of diagnosis and prognosis 
for patients with pancreatic cancer compared with PD‑1 
alone (37). However, the present study further suggested that 
the coexpression of CD38/CD101 by peripheral PD‑1+CD8+ 
T cells and TILs may serve as a new indicator for the treat-
ment efficacy of patients with OC and as an indicator for the 
selection of patient populations for further immunotherapy 
by immune checkpoint blockade. However, the detection of 
CD38/CD101 coexpression in PD‑1+CD8+T cells in the present 
study relied on flow cytometry analysis, and therefore this 
method would be more expensive than routine ELISA detec-
tion of levels of CA125, HE4 and other serum biomarkers. 
Accordingly, cost is one of the limitations of the strategy for 
OC diagnosis described in this study.

Although the coexpression of CD38/CD101 in PD‑1+CD8+ 
T cells is a potential novel biomarker for the diagnosis and 
treatment of OC, which is strongly associated with serum levels 
of CA125 and HE4, other helpful biomarkers of OC diagnosis 
and treatment exist (38). For instance, osteopontin (OPN) has 
been used as a biomarker for the diagnosis and treatment of 
several cancer types , such as ovarian cancer, breast cancer, 
colorectal cancer and osteosarcoma (39‑41). OPN is a secreted 
extracellular matrix glycoprotein that is involved in a number 
of cellular processes, including wound healing, inflammation, 
immune response and tumorigenesis (40). As OPN is usually 
overexpressed in several cancer types, including OC, an 
increase in serum OPN is often used to assess the diagnosis 
and prognosis of various human cancer types, including breast, 

lung, gastric and ovarian cancer, as well as melanoma (39‑41). 
Therefore, in the future, the combined application of several 
biomarkers, such as CA125 and OPN, as well as the expres-
sion of CD38/CD101 in PD‑1+CD8+ T cells, may provide more 
accurate and sensitive diagnoses and/or treatment indicators 
for patients with OC.
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