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 Background: Glioma is a common brain malignancy, but the effects of the gd T cells and their subsets in peripheral blood in 
patients with glioma have not been reported.

 Material/Methods: Flow cytometry was used to analyze the functions and expressions of d T cells and their subsets in peripheral 
blood in healthy controls and patients with glioma. The Vd2 T cells and the activation of killing function-relat-
ed signaling pathway were analyzed by Western blot assay; the immunosuppressive functions of Vd1 T cells 
were detected by CFSE proliferation assay; and the Vd2 T cell killing functions were detected by killing assay.

 Results: Compared with the healthy controls, the ratio of Vd1 T cells was significantly increased and the ratio of Vd2 
T cells was significantly decreased. After in vitro culture and anti-TCR gd antibody stimulation and in the pres-
ence of IL-2, in the patients with glioma, the Vd1 T cells dominated and Vd2 T cells were scarce. Flow cytometry 
staining showed that expression of immunosuppression-related molecules on the Vd1 T cell surface was signif-
icantly increased, while the expression of killing function-related molecules and the activation of killing func-
tion-related signaling pathway in the Vd2 T cells were significantly decreased. Functional test results showed 
that the immunosuppressive function of Vd1T cells was enhanced and the killing function of Vd1T cells was 
reduced.

 Conclusions: The ratio and function changes of Vd1 T cells and Vd2 T cells are possibly associated with the pathogenesis of 
glioma.

 MeSH Keywords: Astrocytoma • Immunosuppression • Neuroectodermal Tumors, Primitive, Peripheral

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/905932

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

Department of Neurosurgery, Dongying People’s Hospital, Dongying, Shandong, 
P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 1784-1792

DOI: 10.12659/MSM.905932

1784
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

T cells are mainly divided into 2 subsets according to the ex-
pressions of TCR (T cell receptors, TCR): ab T cells and gd T 
cells [1]. gd T cells are a group of T lymphocytes distinct from 
ab T cells, and their surfaces express TCR consisting of g chains 
and d chains. gd T cells account for a small fraction of CD anti-
gen (cluster of differentiation, CD) 3T cells, at about 1–10% [2]. 
Due to the limited diversity of gd TCR and non-restrictive MHC, 
gd T cells are always regarded as innate immune cells [2]. gd 
T cells can be further divided into 2 cell subsets: Vd1 T cells 
(mainly distributed in epithelial related lymphoid tissue) and 
Vd2 T cells (mainly distributed in peripheral blood) [3,4]. Vd1 
T cells and Vd2 T cells have different functions. Vd2 T cells are 
mainly involved in the immune surveillance of tumors and de-
fense responses against invasion of pathogens [5–8], while Vd1 
T cells mainly have immunoregulatory functions [9].

Glioma is a common brain malignancy, accounting for about 
50% of primary brain tumors [10]. Glioma refers to all neuro-
epithelial-derived tumors in a broad sense; and in a narrow 
sense, it refers to tumors derived from glial cells. At present, 
the etiology of glioma is still unclear, but might be correlated 
with tumor origin, genetic factors, biochemical environment, 
ionizing radiation, nitroso compounds, polluted air, unhealthy 
behaviors, and infections. Although surgical treatment, radio-
therapy, and chemotherapy have developed rapidly in recent 
years, the therapeutic effect of glioma is still not ideal [11]. 
The pathological features of glioma are infiltrative growth of 
tumor, without apparent boundary with brain tissue [12]. It is 
difficult to achieve total resection expect for small tumors in 
appropriate sites in early stage. Therefore, it is urgent to find 
additional anti-tumor strategies to enhance the therapeutic 
effect of surgery and/or radiation therapy of glioma.

Immunotherapy has long been used for the treatment of can-
cers [13]. gd T cells have become a popular topic of tumor im-
munotherapy due their unique characteristics [14,15]. It is still 
unclear whether immunotherapy of gd T cells is applicable for 
the treatment of patients with glioma. The literature contains 
few studies on the change of gd T cells in peripheral blood in 
patients with glioma. In the present study, we observed the 
ratio and function changes of gd T cells and their subsets in 
peripheral blood of patients with glioma and investigated the 
possible role of gd T cells and their subsets in the pathogenesis 
of glioma to provide a scientific basis for the application of im-
munotherapy of gd T cells in patients with glioma in the future.

Material and Methods

Collection of clinical data

We collected peripheral blood samples from 30 patients un-
dergoing glioma resection in our hospital from January 2015 
to November 2016. All patients were pathologically confirmed 
as having glioma. Patient aged ranged from 35 to 69 years 
(mean, 47.32±15.93). None of the patients had received che-
motherapy and radiotherapy before surgery. All included pa-
tients signed the informed consent.

Main reagents

Bovine serum albumin (BSA) was purchased from Sigma; 
RPMI 1640 medium and fetal bovine serum (FBS) were pur-
chased from Gibco; PBS (phosphate buffer saline, PBS) was 
purchased from Hyclone; lymphocyte separation medium, 
PE-anti-TCR VV2 antibody, PEcy5-anti-CD3 antibody, FITC-
anti-TCR Vd1 antibody, PE-anti-TCR Vd2 antibody, APC-anti-
TNF-a antibody, APC-anti-CTLA-4 antibody, APC-anti-Foxp3 
antibody, APC-anti-perforin antibody, and APC-anti-Foxp3 an-
tibody were purchased from Biolegend; purified anti-TCR gd 
antibody and purified anti-TCRVd1 antibody for amplification 
were purchased from Beckman; anti-phospho-PLCg1(Tyr783) 
and anti-phospho-Erk1/2 (Thr202/Tyr204) antibody were pur-
chased from Cell Signaling Technology; anti-b-actin antibody 
was purchased from Sigma; naïve CD4 T cell sorting kits were 
purchased from Miltenyi Biotec; CFSE dye solution was pur-
chased from Thermo; and CytoTox 96® non-radioactive cell kill-
ing detection kits were purchased from Promega.

Separation of PBMC (peripheral blood mononuclear cell, 
PBMC)

We collected 15 mL of peripheral venous blood from patients 
with glioma and healthy controls under fasting condition in 
the morning, then we added 15 mL of PRMI-1640 medium 
to a 50-mL centrifuge tube and the blood sample was added 
for dilution (1: 1), and 15 mL of lymphocyte separation me-
dium was added to another 50-mL centrifuge tube. The di-
luted blood sample was drawn carefully using a pipette and 
added to separation medium to ensure that the blood was 
above the lymphocyte separation medium, and centrifuged 
it for 18 min at 800×g. After centrifugation, the albuginea 
layer was gently absorbed and added to a conical tube con-
taining 15 mL of serum-free RPMI 1640 medium. After cells 
were mixed well, we centrifuged tubes for 10 min at 400×g; 
the supernatant was discarded, and the cell precipitate was 
re-suspended with 10 mL of serum-free RPMI 1640 medium, 
centrifuged for 8 min at 250×g. Then cell precipitate was re-
suspended with 1 mL of RPMI-1640 complete medium con-
taining 10% fetal bovine serum. After trypan blue staining 

1785
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Yue C. et al.: 
gd T cells in peripheral blood of glioma patients
© Med Sci Monit, 2018; 24: 1784-1792

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



and counting, the cell suspension at a concentration of 2×106 
cells/mL was prepared.

Determination of ratio of Vd1 T cells and Vd2 T cells

We added 1×106 PBMCs obtained from the above density gra-
dient centrifugation method to a 1.5-mL Eppendorf tube, and 
1 mL of PBS washing solution containing 1% BSA was added. 
After mixing well, tubes were centrifuged for 8 min at 250×g, 
then the supernatant was discarded and the above proce-
dure was repeated. Later, the cells were re-suspended in 0.1 
ml of PBS containing 1% BSA, then the PEcy5-anti-CD3 anti-
body, FITC-anti-TCR Vd1 antibody, and PE-anti-TCR Vd2 anti-
body were added and incubated at 4°C in the dark for 30 min. 
After washing twice with PBS containing 1% BSA, cells were 
re-suspended in 0.1 ml of PBS for flow cytometry.

In vitro amplification of gd T cells

Amplification was performed according to the procedures in 
the literature [15]. The specific procedure was: a 24-well cell 
culture plate was coated by anti-pan-TCRgd mAb (10 µL of 
0.05 mg/mL anti-pan-TCRgd mAb and 500 µL of serum-free 
RPMI 1640 medium were added to each well and incubated 
at 37°C for 2 h); the prepared PBMC suspension was added to 
the coated wells (3~5×106 cells/well) and incubated in an in-
cubator (37°C, 5% CO2). On Day 5, the solution was replaced 
for subculture; from Day 10 to Day 14, the amplified gd T cells 
were collected for purity and phenotype analysis.

Amplification of Vd1 T cells

We added 0.2 ml of RPMI-1640 medium containing 0.125 μg 
of anti-TCR Vd1 monoclonal antibody to each well of a 48-
well plastic culture plate, and incubated it in a saturated wet 
environment (37°C, 5%CO2) for 2 h. The PBMC suspension re-
suspended with complete medium (RPI-1640 + 10% FBS) was 
added to a 48-well plate (1.0 ml per well) coated with anti-TCR 
Vd1 monoclonal antibody and cultured in a saturated wet en-
vironment (37°C, 5%CO2). The solution was replaced or divided 
to wells every 1 to 3 days according to the cell growth state, 
cultured for 2 weeks, then the Vd1 T cells with purity higher 
than 90% were sorted out by flow cytometry.

Detection of Vd1 T cell surface molecules

We added 1×106 PBMCs obtained from above density gradient 
centrifugation method to a 1.5-mL Eppendorf tube, and 1 mL 
of PBS washing solution containing 1% BSA was added. After 
mixing well, tubes were centrifuged for 8 min at 250×g, then 
the supernatant was discarded and the above procedure was 
repeated. Cells were re-suspended in 0.1 ml of PBS containing 
1% BSA, then the PEcy5-anti-CD3 antibody, FITC-anti-TCR Vd1 

antibody, and APC-anti-CTLA-4 antibody/APC-anti-Foxp3 anti-
body were added, and cells were incubated at 4°C in the dark 
for 30 min. After washing twice with PBS containing 1% BSA, 
cells were re-suspended in 0.1 ml of PBS for flow cytometry.

Detection of Vd2 T cell perforin and TNF-a secretion

We added 2×106 Vd2 T cells to a 48-well plate, and 100X PMA 
+ Ion was added to the culture plate, cultured for 6 h at 37°C, 
then cells were collected. We added 0.5 ml of membrane rup-
ture solution, and placed the cells in the dark for 30 min at 
room temperature. Cells were washed twice using penetrating 
fluid, then the PEcy5-anti-CD3 antibody, FITC-anti-TCR Vd2 anti-
body, and APC-anti-TNF-a antibody/APC-anti-perforin antibody 
were added, and the cells were placed in the dark for 30 min 
at room temperature. Cells were washed twice using penetrat-
ing fluid, then re-suspended using 0.1 mL of PBS for testing.

Western blot analysis

The amplified Vd2 T cells were sorted by flow cytometry to 
obtain Vd2 T cells with purity greater than 90%. The total pro-
teins of cells were extracted according to the method in the 
literature, and the concentration was determined. An equal 
amount of the extracted protein was separated by 8~10% 
SDS-PAGE separation gel and 5% spacer gel, and when semi-
dry, it was transferred to a nitrocellulose membrane, incu-
bated, and blocked for 2 h using TBST containing 5% BSA at 
room temperature. The anti-phospho-PLCg1 (Tyr783)/anti-
phospho-Erk1/2 (Thr202/Tyr204) was added and incubated 
at 4°C overnight. On the next day, membranes were washed 
3 times with 0.1% TBST, 5 min each time, then the HRP-
labeled secondary antibody was added, followed by incuba-
tion for 1 h at room temperature. After membrane washing 
with 0.1% TBST, the bands were dyed with Supersignal West 
Femto/Pico HRP-sensitive chemiluminescent substrate, and 
Actin was used as an internal control. All experiments were 
repeated at least 3 times.

Naïve CD4 T cell proliferation assay

The amplified Vd1 T cells were sorted by flow cytometry to ob-
tain Vd1 T cells with purity greater than 90%. Naïve CD4 T cells 
were washed once with 10 ml of serum-free RPMI 1640 me-
dium stock solution, then CFSE dye solution at a final concen-
tration of 5 mmol/L was added, incubated 10 min in a saturat-
ed wet environment (37°C, 5% CO2), 5 ml of pre-cooled RPMI 
1640 medium containing 5% FBS (CFSE dyeing stop solution) 
was added to the centrifugal tube immediately, placed for 5 
min on ice to stop dyeing, centrifuged 8 min at 400×g, then 
washed once with 10 ml RPMI 1640 medium stock solution. 
After cells were re-suspended in RPMI-1640 complete medi-
um containing 10% FBS, Vd1 T cells and the naïve CD4 T cells 
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(1: 1) were added to 48-well plates coated with 1 µg/ml CD3 
antibody and 2 µg/ml CD 28 antibody. After incubation for 5 
days, cells were harvested for flow cytometry.

Killing function test of Vd2 T cells

The killing function test of Vd2 T cells was carried out accord-
ing to a previously reported method [16]. SHG-44 cells and Vd2 
T cells were co-cultured at a ratio of 10: 1, 20: 1, and 30: 1. 
After incubation at 37°C for 6 h, 50 μl of the culture super-
natant was withdrawn and then subsequent operations were 
performed as per the instructions of the kits.

Statistical processing

All data are expressed as mean ± standard deviations. Data 
analysis was performed using SPSS 16.0 statistical software. 
For comparison between the 2 groups, the t test was used. 
p<0.05 was considered a statistically significant difference.

Results

Detection of ratio of gd T cells and their subsets in 
peripheral blood

The ratio of total gd T cells in peripheral blood in healthy controls 
was (5.38±1.13)% and the ratio of total gd T cells in peripher-
al blood in patients with glioma was (5.49±1.35)% but the dif-
ference was not statistically significant (p>0.05). The ratios of 
Vd1 T cells in peripheral blood of healthy controls and patients 
with glioma were (0.91±0.42)% and (2.45±0.61)%, respectively, 
compared with the healthy controls, and the ratio of Vd1 T cells 
in peripheral blood of patients with glioma was significantly in-
creased (p<0.01). The ratios of Vd2 T cells in peripheral blood of 
healthy controls and patients with glioma were (4.73±1.33)% 
and (2.69±0.84)%, respectively, compared with the healthy con-
trols, and the ratio of Vd2 T cells in peripheral blood of patients 
with glioma was significantly decreased (p<0.01) (Figure 1).
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Figure 1. Detection of cell expression level by flow cytometry.
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In vitro proliferation of gd T cell and their subsets in 
peripheral blood

As shown in Figure 2A, the PBMCs in healthy controls were 
cultured for 14 days after anti-TCR gd antibody stimulation 
and in the presence of IL-2 the purity of gd T cells could be 
as high as (90.13±11.42)%, of which, the ratio of Vd2 T cells 
was (81.94±18.25)%, and the ratio of Vd1 T cells was only 
(4.83±2.93)%. As shown in Figure 2B, after PBMCs in patients 
with glioma were cultured for 14 days after anti-TCR gd antibody 
stimulation, and in the presence of IL-2, the purity of gd T cells 
could be as high as (86.12±13.82)%, of which, the Vd1T cells 
dominated, accounting for (72.94±16.94)%, while the Vd2T cells 
accounted for only a small proportion, which was (6.28±3.91)%.

Detection of immunosuppression-related molecules of Vd1 
T cells

The ratio of Foxp3+ Vd1 T cells was (6.04±3.02)% in healthy 
controls and (22.83±5.36)% in patients with glioma compared 

with the healthy controls, and the ratio of Foxp3+ Vd1 T cells 
in patients with glioma was significantly increased (p<0.01). 
The ratio of CTLA-4+ Vd1 T was (1.85±0.93)% in healthy con-
trols and (7.48±2.61)% in patients with glioma. Compared with 
the healthy controls, the ratio of Foxp3+ Vd1 T cells in patients 
with glioma was significantly increased (p<0.01) (Figure 3).

Detection of molecules and signaling pathway related to 
Vd2 T cell killing function

The ratio of perforin+ Vd2 cells was (34.01±8.03)% in healthy 
controls and (19.42±5.26)% in patients with glioma compared 
with the healthy controls, and the ratio of perforin+ Vd2 cells 
in patients with glioma was significantly decreased (p<0.01). 
The ratio of TNF-a+ Vd2 T cells was (37.57±8.82)% in healthy 
controls and (19.73±5.23)% in patients with glioma, com-
pared with the healthy controls, the ratio of TNF-a+ Vd2 T cells 
in patients with glioma was significantly decreased (p<0.01) 
(Figure 4A). As shown in Figure 4B, the activation of Vd2 T cell 
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Figure 2.  The ratios of gd T cells and their subsets after amplification detected by flow cytometry.
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killing function-related signaling pathway in the patients with 
glioma was significantly lower than that in the healthy controls.

Functional test of Vd1 T cells and Vd2 T cells

As shown in Figure 5A, the proliferation level of Naïve CD4 T 
cells was (93.35±15.67)% in healthy controls, and after co-
culture with Vd1 T cells, the proliferation level of naïve CD4 T 
cells was (60.74±16.94)%. The proliferation level of naïve CD4 
T cells was (91.63±16.35)% in patients with glioma, and af-
ter co-culture with Vd1 T cells, the proliferation level of naïve 
CD4 T cells was (29.74±15.37)%. There was no significant dif-
ference in proliferation level of naïve CD4 T cells between the 
healthy controls and patients with glioma (P>0.05); however, 
after co-culture with Vd1 T cells, the proliferation level of na-
ïve CD4 T cells in patients with glioma was significantly low-
er than that of the healthy controls (P<0.01), suggesting that 
the immunosuppressive function of Vd1 T cells in patients with 
glioma was significantly enhanced. As shown in Figure 5B, the 
Vd2 T cell killing function in patients with glioma was signif-
icantly reduced compared with the healthy controls (P<0.01).

Discussion

Our study results show that, compared with healthy controls, 
the ratio of total gd T cells in peripheral blood in patients with 
glioma showed no significant change. gd T cells can be divided 
into 2 cell subsets: Vd1 T cells (mainly distributed in epithelial 
related lymphoid tissue) and Vd2 T cells (mainly distributed in 
peripheral blood) [3,4]. The results of different subsets of gd T 
cells showed that the ratio of Vd1 T cells in peripheral blood in 
patients with glioma was significantly increased, and the ratio 
of Vd2 T cells was significantly decreased. After in vitro culture 
for 14 days after anti-TCR gd antibody stimulation and in the 
presence of IL-2, the purity of gd T cells in healthy controls and 
patients with glioma was over 80%; in the healthy controls, the 
Vd2 T cells dominated and Vd1 T cells were scarce, while in the 
patients with glioma, the Vd1 T cells dominated and the Vd2 
T cells were scarce. The expression of immunosuppression-re-
lated molecules on the Vd1 T cell surface in peripheral blood 
of patients with glioma was significantly increased and their 
immunosuppressive function was significantly enhanced. The 
expression of Vd2 T cells and their killing function-related mol-
ecules in peripheral blood of patients with glioma was signif-
icantly decreased and the activation of Vd2 T cells and killing 
function-related signaling pathway was significantly reduced, 
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Figure 3.  Detection of expression of Vd1 T cell surface molecules by flow cytometry.
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and the killing function of Vd2 T cells was also significantly 
reduced. The above results show that the unbalanced distri-
bution of the ratio of Vd1T cells and Vd2T cells in peripheral 
blood of patients with glioma leads to immunosuppression, 
allowing tumors to evade immune surveillance, thus facilitat-
ing the occurrence and progression of tumors.

The pathological features of glioma make it is difficult to cure 
by surgical procedures. Therefore, it is urgent to look for ad-
ditional anti-tumor strategies to improve the survival of gli-
oma patients. Adoptive immunotherapy has always been a 
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Figure 4.  Detection of molecules and signaling pathway related to Vd2 T cell killing function. (A) Detection of expressions of Vd2 T 
perforin and TNF-a by flow cytometry; (B) Detection of activation of Vd2 T cell signaling pathway by Western blot.

focus in cancer treatment [13]. In adoptive immunotherapy, 
the sensitized lymphocytes (with specific immunity) or sensi-
tized lymphocyte products (such as transfer factors and im-
mune ribonucleic acid) are transfused into patients with low 
cellular immune function (such as cancer patients) to make 
them acquire anti-tumor immunity. At present, the experimen-
tal or clinical trial results of adoptive immunotherapy strate-
gies based on natural killer (NK) cells, lymphokine-activated 
killer cells (LAK), and tumor-infiltrating lymphocytes (TIL) have 
not achieved satisfactory curative effect, mainly due to the 
weak antigenicity of most tumors, antigen-presenting function 
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defects, and the immunosuppression of patients with tumors. 
gd T cells have the functional features of NK cells, cytotoxic T 
lymphocytes (CTL), and T helper cells (Th), and the advantage 
of not needing tumor antigen stimulation for in vitro amplifi-
cation; therefore, it has become an important focus of tumor 
immunotherapy [14,15]. However, the 2 subsets of gd T cells 
(Vd1 T cells and Vd2T cells) have exactly the opposite effects in 
the human body’s anti-tumor immune responses. A variety of 
cancer patients can gain greatly increase effect of anti-tumor 
therapy by giving Vd2 T cell adoptive therapy and zoledron-
ic acid treatment at the appropriate time after chemothera-
py [17], but Vd1T cells mainly promote the progression of tu-
mors by suppressing the body’s immune function [18,19]. At 
present, there are few studies on gd T cells and their subsets 
in glioma, thus it was the focus of the present study. In this 
study, we intended to provide a scientific basis for the use of 
adoptive immunotherapy of glioma through studies on gd T 
cells in glioma patients.

Flow cytometry staining showed that, compared with healthy 
controls, the ratio of Vd1 T cells in peripheral blood of pa-
tients with glioma was significantly increased, while the ra-
tio of Vd2 T cells was significantly decreased. Rong et al. [20] 
found that the infiltrated gd T cells in colorectal cancer tissues 
are mainly Vd1 T cells, and the ratio of Vd2 T cells was signifi-
cantly decreased. We did not analyze infiltrated gd T cells and 
their subsets in tumor tissues of patients with glioma, which 
is a limitation of this study. We also found that, after in vitro 
amplification, Vd1T cells dominated in patients with glioma, 
and Vd2T cells only accounted for a small proportion, which 
was consistent with Vd1T dominance in peripheral blood of 
patients with glioma. In addition, Peng et al. [19] found that 
Vd1T cells also dominated after in vitro amplification in pa-
tients with breast cancer. As mentioned in the introduction, 
Vd2T cells have tumor-killing functions, while Vd1T cells main-
ly have immunosuppressive functions. Accordingly, we further 
investigated the immunosuppressive function of Vd1T cells and 
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the tumor-killing function of Vd2T cells. Results revealed that 
the expression of immunosuppression-related molecules on 
the Vd1 T cell surface in peripheral blood of patients with gli-
oma was increased significantly and the immunosuppressive 
function was enhanced significantly. We found that the expres-
sions of Vd2 T cells and their killing function-related molecules 
in peripheral blood of patients with glioma were significantly 
decreased, the activation of Vd2 T cells and killing function-
related signaling pathway was reduced significantly, and the 
killing functions of Vd2 T cells were also reduced significantly.
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