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Human glioma facilitates an impaired anti-tumor immunity response, including defects

in circulation of T lymphocytes. The level of CD8+ T-cell activation acts as an immune

regulator associated with disease progression. However, little is known about the

characteristics of peripheral and tumor-infiltrating CD8+ T cells in patients with glioma. In

this study, we examined the level of CD8+ T-cell activation in a group of 143 patients

with glioma and determined that peripheral CD3+ T cells decreased in accordance

with disease severity. The patients’ peripheral CD8+ T-cell populations were similar to

that of healthy donors, and a small amount of CD8+ tumor-infiltrating lymphocytes

was identified in glioma tissues. An increase in activated CD8+ T cells, characterized

as CD38+HLA-DR+, and their association with disease progression were identified

in the patients’ peripheral blood and glioma, and shown to display enriched CCR5+

and TNFR2+ expression levels. Ex vivo examination of CD38+HLA-DR+CD8+ T cells

indicated that this subset of cells displayed stronger secretion of IFN-γ and IL-2 before

and after a 6-h stimulation with phorbol 12-myristate 13-acetate (PMA) and ionomycin

(ION) relative to healthy CD38+HLA-DR+CD8+ T cells, indicating the functional

feasibility of CD38+HLA-DR+CD8+ T cells. Higher CCL5 protein and mRNA levels

were identified in glioma tissues, which was consistent with the immunohistochemistry

results revealing both CCL5 and CD38+HLA-DR+CD8+ T cell expression. Patients’

CCR5+CD38+HLA-DR+CD8+ T cells were further validated and shown to display

increases in CD45RA+CCR7− and T-bet+ accompanied by substantial CD107-a, IFN-γ,

and Granzyme B levels in response to glioma cells.
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INTRODUCTION

Gliomas are tumors that arise from glial precursor cells and
include astrocytoma, oligodendroglioma, ependymoma, mixed
glioma, and glioblastoma (GBM) (1), and their malignancy is
graded as low grade (GI and GII) or high grade (GIII and GIV)
(2). Amongst gliomas, glioblastoma multiforme (GBM; GIV)
is the most lethal type of these malignant brain tumors with
a median survival of 15 months despite multimodal therapies,
including surgery followed by radiation and temozolomide
therapy (2, 3). The recurrence of GBM usually takes place
around the initial resected lesion (within 2 cm), which offsets
the effects of standard therapeutic approaches on overall survival
(2, 4). The immune response of patients with glioma are
characterized by defects in circulating T-cell populations, poor
tumor antigen-specific CD8+ T-cell responses, and elevated
programmed death 1 (PD-1) in CD8+ T cells contributing
to the poor prognosis of these patients (5–9). Previously, low
tumor-infiltrating CD8+ cells (CD8+ TILs) were reported to
associate with poor progression-free survival (PFS), defined
as from the date of surgery to the first MRI-confirmed
recurrence (10, 11).

The CD8+ cytotoxic T cells are functional/effector cytotoxic
T lymphocytes (CTLs) in which only 5–10% of the original
burst size matures into long-lived protective memory CD8+

T cells (12). In addition, autocrine IL-2 produced by CD8+

T cells activated via interaction with APC pre-activated by
CD4+ T cells is important for the generation of competent
CTLs (13). The presence of CD8+ T cells was shown to reduce
tumorigenicity when CD4+ or NK+ cell-depleted mice had been
immunized with IL-7-producing glioma cells (14). In addition,
local application of an AC133/CD133-specific T-cell-engaging
antibody (a cancer stem cell marker) with human CD8+ T cells
has been shown to prevent tumor outgrowth of subcutaneous
GBM xenografts (8). Recently, blockage of PD-1 using RMP1-
14 (15) and IL-2-treated CD8+ cells coinciding with IL-2R
abundance have also been shown to consolidate CD8+ T cells’
functional viability (16). However, the mechanisms underlying
this phenomenon along with the phenotypic presentation of the
CD8+ TILs are not clear.

Evidence has revealed that CD38 and HLA-DR are common
effector T-cell activation markers that also associate with disease
states, including autoimmune diseases, HIV, leukemia, and
multiple myeloma (17–19). Expression of CD38 on tumor
cells was indicated to serve as a negative prognostic marker
implying disease severity and poor survival (20). The functional
expression of CD38 and HLA-DR was reported to reflect
infection status as it related to survival capacity in glioma
(18, 19, 21, 22). Furthermore, Hua et al. (18) indicated
that the increased expression of CD38−HLA-DR+CD8+ HIV-
specific T cells displayed a better survival capacity than the
expression of CD38+HLA-DR+CD8+ cells. In addition, the
functional expression of C-C chemokine receptor 5 (CCR5)
was demonstrated to be critical for effector CD8+ T-cell
migration to inflamed tissues, in which the production of
INF-α, IL-2, and IFN-γ were positive for CCR5 potentiation
(23, 24). The association of increased CCR5 expression with

viral susceptibility and viral entry was evidenced in HIV
and cytomegalovirus (CMV) studies (25, 26). As such, the
current study sought to identify the basic immune functional
capacity among patients with glioma for clinical reference.
In addition, the role of the effector CD8+ T cells in
patients with glioma remains unclear. Therefore, we are
interested in knowing whether the effector CD8 T+ cells are
contributable toward glioma development and their role in
tumor regression.

In the present study, we investigated the activation of
the CD38+HLA-DR+CD8+ subpopulation among total human
CD8+ cells along with their penetration into the tumor
microenvironment in a large series of glioma samples. We
demonstrated an association between increases of glioma CCL5
and CCR5+CD38+HLA-DR+CD8+ TILs. In the presence of
glioma cells, this CD8+ T cell subset appears to facilitate the
enhancement of effector molecules, including CD45RA+CCR7−,
T-bet+, CD107a+, IFN-γ+, and granzyme B+.

MATERIALS AND METHODS

Standard Protocol Approval, Registration,
and Patient Consent
This study was approved by the ChangGungMedical Foundation
Institutional Review Board (No. 102-1096B) and in accordance
with the Helsinki Declaration. Patients were recruited from the
Department of Neurosurgery, Chang Gung Medical Foundation,
Taiwan, between 2013 and 2016. All eligible patients were
informed about the details of this study and provided a signed
informed consent prior to study participation.

Glioma Cell Culture
Human U87 glioblastoma cells were obtained from the American
Type Culture Collection (ATCC, Manassas, VA). Cells were
maintained in MEM supplemented with 10% FBS, 100 U/ml
penicillin, and 100 mg/mL streptomycin. Cells were incubated at
37◦C in a humidified incubator with an atmosphere of 5% CO2

and 95% air.

Preparation of Blood and Tumor Samples
Blood and freshly resected tumor materials were collected
from the participants with primary glioma, who had been
diagnosed histopathologically according to the current WHO
criteria. Peripheral blood mononuclear cells (PBMCs) from
healthy donors and patients with glioma were isolated by Ficoll
density gradient centrifugation (Ficoll-Paque; GE Healthcare
Life Sciences, Sweden) as described by Lefort and Kim (27).
Tumor material was obtained from patients who had received
surgical excision. Tissues were collected into medium (F12;
Gibco, USA) containing 10% FBS and 5% P/S, and these were
processed under sterile conditions as previously described (28).
Briefly, tumor tissues were washed several times with PBS to
remove the majority of erythrocytes. Tissues were cut into 1–
2mm pieces, digested with 0.05% trypsin for 40min at 37◦C,
extensively filtered using a 70µm strainer, and then separated
on Ficoll gradients to yield single cell-enriched preparations
from tumor lysates, and characterized by staining of CD3,
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CD8, CD38, HLA-DR, CCR5, and TNFR2 antibodies. CD8+

T lymphocytes were negatively selected using a CD8 T-cell
isolation kit (Miltenyi Biotec, USA) that non-CD8+ cells
including CD4+, CD15+, CD16+, CD19+, CD34+, CD36+,
CD56+, CD123+, TCR γ/δ+, and CD235a+ cells aremagnetically
labeled, and depleted using magnetic separator. A purity of
80 ± 2% was confirmed by flow cytometry analysis with
anti-CD3-FITC and anti-CD8-PerCP antibodies for CD8+ T
lymphocytes, and there was an approximate 20% of cell debris
(data not shown).

Multiparameter Flow Cytometry Analysis
Four-color staining of lymphocytes was performed to determine
the frequency and phenotype of lymphocytes among freshly
isolated PBMCs from either healthy donors or patients as
well as among TILs from patients. The following monoclonal
antibodies (mAbs) were used: CD19-PerCP (#302228), CD56-
APC (#555518), CD3-FITC (#555332), CD8-PerCP (#340693),
CD8-FITC (#555366), CD45RA-FITC (#555488), CD38-FITC
(#555459), CD38-APC (#555462), HLA-DR-APC (#559866),
HLA-DR-BV421 (#307636), CCR5-FITC (#555992), CCR5-PE
(#555993), TNFR2-PE (#FAB226P), IFN-γ-PE (#559326), IL-2-
PE (#559334), PD-1-PE (#129969), Tim-3-PE (#123109), CCR7-
PE-Cy7 (#557648), T-bet-PerCP-Cy5.5 (#561316), CD107a-PE
(#555801), and Granzyme B-PE (#561142) (BD Biosciences,
USA). Lymphocytes were first stained at 4◦C for 1 h with mAbs
to cell surface markers. Each sample contained at least 2 × 106

lymphocytes isolated from PBMCs or TILs. Expression of surface
antigens was analyzed using a dual-laser fluorescence-activated
cell sorting cytofluorimeter (FACSCalibur; FACSCantoTMII;
BD Biosciences, USA) employing Cell-Quest software (BD
Biosciences, USA).

Intracellular Cytokine Production Assays
For intracellular IFN-γ and IL-2 detection, lymphocyte and
TIL suspensions were stimulated with phorbol 12-myristate 13-
acetate (PMA; 50 ng/ml; Sigma-Aldrich, USA) plus ionomycin
(ION; 1µg/ml; Sigma-Aldrich, USA) for 6 h. Cells were
then stained with T-cell markers, further processed using
a Fixation/Permeabilization kit (BD Bioscience, USA), and
then labeled with a PE-conjugated IFN-γ or IL-2 mAb (BD
Biosciences, USA).

Immunohistocytology
Triple immunohistochemistry staining was used to assess the
distribution of activated cytotoxic CD8T cells. Briefly, brain
sections were prepared for immunostaining via xylene treatment
and gradual rehydration with 99–75% ethanol. Sections
were blocked with 1% FBS for immunohistofluorescence
staining or 3% hydrogen peroxide for immunohistochemistry
and then incubated with anti-CD8 (#ab17147; Abcam,
USA), anti-CD38 (#ab108403; Abcam, USA), anti-HLA-DR
(#17221-1-AP; Proteintech, USA), anti-PD-L1 (#13684; Cell
Signaling, USA), or anti-CCL5 (#SC-1410; Santa Cruz, USA)
overnight at 4◦C in blocking solution. The sections were then
incubated with fluorescent secondary antibodies or peroxidase-
conjugated secondary antibodies for 1 h at room temperature

and subsequently stained using 3,3’ diaminobenzidine and
counterstained with hematoxylin. Slides were coverslipped using
mounting medium (Histokitt, Germany). Images were captured
with a 40x objective on a Nikon Eclipse E400 microscope using
SPOT software (Nikon, Japan).

Quantitative Real-Time PCR
Total RNA was extracted from both tumor and non-tumor
biopsies using TRIzol reagent (Invitrogen, USA). First-strand
cDNA was synthesized from 2 µg total RNA with oligo(dT)20
primers and reverse transcribed to cDNA using SuperScript III
First-Strand Synthesis SuperMix (Invitrogen, USA). Real-time
PCR was carried out using SYBR Green I Master Mix (Roche,
USA). Amplification and detection of mRNA were performed
using a LightCycler 480II system (Roche, USA) under the
following conditions: 40 cycles at 95◦C for 10 s and 60◦C for 1m.
The threshold was set within the linear phase of the target gene
amplification to calculate the cycle number at which point the
transcript was detected as CT. The oligonucleotide primers used
for real-time PCR were:

GAPDH: 5′-CTCAACTACATGGTCTACATGTTCCA-
3′and 5′-CTTCCCATTCTCAGCCTTGACT-3′;

CCL5: 5′- GAGTATTTCTACACCAGTGGCAAG-3 and 5′-
TCCCGAACCCATTTCTTCTCT-3′.

Western Blotting
Glioma cells were co-cultured with CD8+ T cells for 24 h using
a transwell system, washed with PBS, and then lysed for 30min
on ice with RIPA lysis buffer (Thermo Fisher, MA). Protein
samples were then separated by SDS-PAGEs and transferred
to PVDF membranes. The membranes were blocked with 5%
non-fat milk and then probed with primary antibodies against
PD-L1 (Cell Signaling, MA) at 4◦C overnight. After extensive
washing, the membranes were incubated with secondary
antibodies for 1 h at room temperature, and the blots were then
visualized using Immobilon Western Chemiluminescent HRP
Substrate (Millipore, MA) and Amersham Hyperfilm ECL (GE
Healthcare, UK).

Statistical Analysis
All results are expressed as means ± SE of at least three
independent experiments unless stated otherwise. Due to
biosample availability, not every biosample contributed to every
analysis. Statistical analyses were performed using a two-tailed
Student’s t-test to determine the statistical significance between
the groups using SPSS Version 19 (IBM, USA). A p < 0.05 was
considered significant.

RESULTS

Patients With Glioma Display a Decrement
of Peripheral CD3+ T Cells in Comparison
to Healthy Donors
The baseline data for the 143 patients with glioma (mean
age = 52 ± 14) and 36 healthy donors (mean age = 47 ±

16) are shown in Table 1. Patients were further characterized
according to grade II (GII; n = 29), grade III (GIII; n =
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TABLE 1 | Study population of healthy donors (n = 36) and patients with glioma

(n = 143).

Patient Newly Recurrent Healthy Donor

N. (male/female) 72 (43/29) 71 (46/25) 36 (18/18)

Mean age (years) 50.3 ± 14 51.3 ± 12 46.2 ± 16

Grade II (n.) 17 12 –

Grade III (n.) 16 14 –

Grade IV (n.) 39 45 –

30), or grade IV (GIV; n = 84). The independent sample
t-test revealed no significant age difference between healthy
donors (HD) and patients with glioma (t = −1.9, p =

0.06; Supplementary Tables 1, 2). Previously, immunological
impairments were addressed in patients with malignant glioma
with signature T-cell reduction (29, 30). We examined the
proportion of the major components of lymphocytes among our
patients and healthy donors using flow cytometry. Three-color
staining of the surface antigens CD3, CD19, and CD56 against
the lymphocyte population, representing T cells, B cells, and
NK (natural killer) cells, was performed. The results revealed
that the CD3+ population was significantly lower in patient
PBMCs (Figures 1A,B) compared to healthy donors (50.6 ±

2% and 62.5 ± 1%, respectively), especially in the high grade
patient group (GII = 62.3 ± 2%, GIII = 49.2 ± 4%, and GIV
= 47.0 ± 3%; Figures 1C,D). On the other hand, the CD19+

population in PBMCs was not significantly different between the
patients and healthy donors, whereas the CD56+ population was
slightly higher in the patient PBMCs, especially in the GIII patient
group (Figure 1D).

Increased CD38+HLA-DR+CD8+ T Cells
and Accumulation in the Tumor
Microenvironment in High-Grade Gliomas
The frequency of total CD8+ cells in the patient PBMCs and
TILs were evaluated. The results showed that the CD8+ T
population in the patient PBMCs was similar to that of the
healthy donors (23.8± 1% and 25.7± 1%, respectively), whereas
the presence of CD8+ TILs (6.5 ± 1%) was significantly lower
in the glioma microenvironment compared to HD PBMCs
(Figures 2A,B). In regard to the CD38−HLA-DR+CD8+ and
CD38+HLA-DR+CD8+ T cells, the percentage of CD38−HLA-
DR+CD8+ T cells was lower in both the patient PBMCs and
TILs compared to that in the PBMCs from healthy donors (7.8
± 1%, 14.1 ± 5%, and 42.5 ± 3%, respectively; Figures 2C,D).
In contrast, the percentage of CD38+HLA-DR+CD8+ cells was
higher in the patient PBMCs and more prominent in the patient
TILs than in the PBMCs from healthy donors (11.2 ± 1%,
31.8 ± 6%, and 6.1 ± 1%; Figures 2C,D). Importantly, the
percentage of CD38+HLA-DR+CD8+ cells was significantly
increased in patients with recurrent glioma (newly = 8.2 ±

1%; recurrent = 12.5 ± 2%; Figure 2E); high-grade glioma
(GIII and/or GIV), both in the PBMCs (GII = 7.6 ± 2%,
GIII = 10.1 ± 2%, and GIV = 12.9 ± 2%; Figure 2F) and

TILs (GII = 2.0 ± 1%, GIII = 24.5 ± 4%, and GIV =

31.6± 2%; Figure 2G).

The Concurrent Expression of CCR5 and
TNFR2 on CD38+HLA-DR+CD8+ T Cells
From Patient PBMCs and Tumors
The presentation of CCR5 and TNFR2 on CD38+HLA-
DR+CD8+ T cells was further examined. As expected, the
CD38+HLA-DR+CD8+ T cells from the patient PBMCs and
tumors displayed significant upregulation of CCR5 compared
to the healthy controls (34.7 ± 5%, 51.0 ± 3%, and 68.2
± 8%; Figures 3A,B). Interestingly, a remarkable reduction
in the percentage of TNFR2 expression on CD38+HLA-
DR+CD8+ T cells in the patient PBMCs was observed, but this
expression was increased in tumors. Further analysis on activated
CCR5+CD38+HLA-DR+CD8+ T cells revealed a grading
increment on the average numbers of CCR5+CD38+HLA-
DR+CD8+ T cells presented in both patient PBMCs and tumors
(Figures 3C,D).

CD38+HLA-DR+CD8+ T Cells From Patient
PBMCs Produce IFN-γ and IL-2 Upon
Stimulation With PMA and ION
To further evaluate the T-cell activation capacity, we examined
the intracellular production of IFN-γ and IL-2 in CD8+ T cells
and CD38+HLA-DR+CD8+ subsets from PBMCs. Cells were
stimulated for 6 h with PMA (50 ng/ml) and ION (1µg/ml) prior
to analysis. Increases in both IFN-γ (HD = 0.4 to 5.5%, t =
−3.4, p < 0.01; Patient = 0.7 to 4.6%, t = −2.1, p < 0.05;
Figures 4A,C) and IL-2 (HD = 0.4 to 2.2%, t = −2.0, p =

0.06; Patient = 0.6 to 2.9%, t = −3.0, p < 0.01; Figures 4E,G)
production were observed in total CD8+ T cells after PMA/ION
treatment, which does not elicit a significant between-group
difference for IFN-γ (HD = 5.46; Patient = 4.64, t = 0.34,
p = 0.73) or IL-2 (HD = 2.21; Patient = 2.85, t = −0.54,
p = 0.59) production. The baseline production of IFN-γ (HD
= 0.42; Patient = 0.71, t = −1.34, p = 0.19) and IL-2 (HD
= 0.44; Patient = 0.59, t = −0.64, p = 0.53) in CD8+ T
cells was similar between the patients and healthy donors.
Importantly, the baseline IFN-γ (HD = 1.88; Patient = 12.71,
t=−3.17, p < 0.01; Figures 4B,D) and IL-2 (HD= 1.84; Patient
= 12.41, t = −2.99, p < 0.01; Figures 4F,H) production in
patient CD38+HLA-DR+CD8+ T cells was higher than in the
healthy controls. The PMA/ION stimulation appeared to elicit
a strong IFN-γ (Patient = 14.7 to 42.3%, t = −3.0, p < 0.01;
Figures 4B,D) and IL-2 (Patient = 12.4 to 36.2%, t = −2.34,
p < 0.05; Figures 4F,H) production in patient CD38+HLA-
DR+CD8+ T cells. There was no significant difference in IFN-
γ (HD = 33.5; Patient = 42.3, t = −0.85, p < 0.41) or IL-2
(HD = 19.4; Patient = 36.2, t = −1.42, p < 0.17) production
between healthy and patient CD38+HLA-DR+CD8+ T cells after
PMA/ION treatment. These results indicated that CD38+HLA-
DR+CD8+ T cells from the peripheral blood of patients were
already activated as effector T cells and had the capacity to
receive further induction similar to the rest of the CD8+

cell population.

Frontiers in Immunology | www.frontiersin.org 4 October 2019 | Volume 10 | Article 2395

https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Chen et al. Tumor-Infiltrating CCR5+CD38+HLA-DR+CD8+ T Cells

FIGURE 1 | Patients with glioma display a stepwise immune deficiency in accordance with the grade classification. (A) PBMCs from 31 healthy donors (HD) and 117

patients (Patient) were evaluated by flow cytometry for CD3, CD19, and CD56 after gating lymphocytes. (B) The percentages of CD3+, CD19+, and CD56+ cells

were quantified. (C) The expression of CD3+ decreased in accordance with the grade. (D) Comparisons of the percentages of CD3+, CD19+, and CD56+ cells

across the grades are shown. Values shown are means ± SEM (bars); *p < 0.05, #p <0.01 by Student’s t-test.

CCL5 and CD38+HLA-DR+CD8+ T-Cell
Presentation in Patient Tumor Tissues
The expression of CCL5, the ligand of CCR5, was
significantly higher in the glioma microenvironment than
in normal peripheral brain tissues, as shown in Figure 5A.
Immunohistochemical staining of glioma samples from patients
with GBM revealed that TILs were located in areas where
CCL5 was abundantly expressed (Figure 5B). The presence
of CD38+HLA-DR+CD8T cells was also detected by triple
fluorescent staining among these TILs in GBM and areas
adjacent to blood vessels (Figure 5C). Increased PD-1 expression
was observed more often in CD38+HLA-DR+CD8T cells than
in the rest of the other CD8+ T cells obtained from the patient
PBMCs and TILs (Figure 5D). We further validated the presence
of CD8+ T cells relative to glioma PD-L1 expression. To this
end, CD8+ T cells were isolated from PBMC of patients with

newly-diagnosed and recurrent glioma, and these cells appeared
to reinforce PD-L1 protein expression after co-culture with
glioma cells (Supplementary Figure 1). IHC results revealed
PD-L1 expression in both newly-diagnosed (GII to GIV) and
recurrent gliomas (GIV) in comparison with the tumor margins,
which were shown to be PD-L1 negative (Figure 5E).

Co-expression of Functional and
Exhausted Molecules in
CCR5+CD38+HLA-DR+CD8+ T Cells in
Response to Glioma
To elucidate the responsiveness of CCR5+CD38+HLA-
DR+CD8+ T cells toward glioma, CD8+ T cells were
isolated from HD or patient’s PBMCs and then co-cultured
with the U87 glioma cell line for 24 h. CD8+ T cells in
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FIGURE 2 | Pronounced activation and penetration of CD38+HLA-DR+CD8+ T cells in high-grade glioma. (A,B) The overall expression percentage of CD8+ T cells

was significantly lower in Patient TILs (n = 17) than in Patient PBMCs (n = 117) and healthy donors (HD PBMC; n = 31). (C,D) The expression percentage of

CD38−HLA-DR+CD8+ cells was higher in HD PBMCs (H-PBMCs) than in Patient PBMCs (P-PBMCs) and TILs (P-TILs); profound CD38+HLA-DR+CD8+ T-cell

activation was observed in P-PBMCs and P-TILs. (E) The expression of CD38+HLA-DR+CD8+ T cells in newly-diagnosed (n = 59) and recurrent (n = 58) patients.

(F) The expression of CD38+HLA-DR+CD8+ T cells in the PBMCs of GII (n = 22), GIII (n = 17), and GIV (n = 51). (G) The expression of CD38+HLA-DR+CD8+ TILs

in the gliomas of GII (n = 3), GIII (n = 5), and GIV (n = 9). Values shown are means ± SEM (bars); *p < 0.05, #p < 0.01 by Student’s t-test.
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FIGURE 3 | Increased activation of CCR5 and TNFR2 on CD38+HLA-DR+CD8+ TILs. (A) Representative images of percent expression of CCR5 and TNFR2 on

CD38+HLA-DR+CD8+ T cells for HD PBMCs (n = 31), Patient PBMCs (n = 117), and Patient TILs (n = 17). (B) The percentage expression of CCR5 and TNFR2 on

CD38+HLA-DR+CD8+ T cells were quantified. CCR5 and TNFR2 activation were inversely displayed on the patients’ peripheral CD38+HLA-DR+CD8+ T cells;

increased activation of CCR5 and TNFR2 on CD38+HLA-DR+CD8+ TILs. (C,D) Numbers of activated CCR5+CD38+HLA-DR+CD8+ T cells in the PBMCs and the

gliomas of GII, GIII, and GIV were quantified. Values shown are means ± SEM (bars); *p < 0.05, #p < 0.01 by Student’s t-test.

the supernatant were subjected to flow cytometry analysis,
whereas U87 gliomas attached to the bottom of the wells
were subjected to western blot analysis. Results of the
flow cytometry analysis revealed an increase of TEMRA+

(CD45RA+CCR7−) and T-bet+ distributions in the
CCR5+CD38+HLA-DR+CD8+ T-cell subset after co-culture
(Figures 6A–C). A significant increase in PD-1 expression
was also observed in CCR5+CD38+HLA-DR+CD8+ T cells
prior to and after co-culture, whereas Tim-3 expression in
CCR5+CD38+HLA-DR+CD8+ T cells was not significantly
increased after co-culture (Figure 6C). Several effector
molecules, including CD107a, IFN-γ, and Granzyme B,
coincided significantly with CCR5+CD38+HLA-DR+CD8+ T
cells after contact with the U87 glioma cells (Figures 6D,E).
Additionally, results of flow cytometry analysis showed that

CCR5+CD38+HLA-DR+CD8+ T cells of HDwere unresponsive
toward the U87 cells, which ruled out the possibility of allograft
rejection (Figures 6B,C,E).

DISCUSSION

Suppression of adaptive immune activation can occur both
systemically and locally in gliomas and other cancers such as
melanoma (1, 31). Analysis from our patient group indicated
that the reduced percentage of T cells in the peripheral blood
was prominent and had a clear relation with disease severity.
This phenomenon represents systemic immune modulation
occurring in glioma. On the other hand, the presence of tumor-
infiltrating effector CD8+ T cells was determined in prior
studies in human glioma and mouse models to be involved in
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FIGURE 4 | IFN-γ and IL-2 production by CD38+HLA-DR+CD8+ T cells from patients with glioma is enhanced. (A) Lymphocytes were isolated from patient (n = 11)

and healthy donor (n = 10) PBMCs and then cultured for 6 h with ION (1µg/ml) plus PMA (50µg/ml). Intracellular cytokine production in CD8+ and

CD38+HLA-DR+CD8+ T cells was analyzed. Representative images of IFN-γ production by CD8+ T cells before and after ION/PMA stimulation. (B) Representative

(Continued)
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FIGURE 4 | images of IFN-γ production by CD38+HLA-DR+CD8+ T cells. (C) The percentage of IFN-γ production was increased in patient CD8+ T cells after

ION/PMA stimulation. (D) The production percentage of IFN-γ by CD38+HLA-DR+CD8+ T cells was compared and analyzed before and after ION/PMA stimulation.

(E) Representative images of intracellular IL-2 production by CD8+ T cells before and after ION/PMA stimulation. (F) Representative images of intracellular IL-2

production by CD38+HLA-DR+CD8+ T cells. (G) The percentage of IL-2 production by CD8+ T cells after ION/PMA stimulation. (H) Baseline IL-2 production by

CD38+HLA-DR+CD8+ T cells was analyzed and compared after ION/PMA stimulation. CNTL = PBMCs without ION/PMA stimulation. Healthy donor = 10; patient

= 11. Values shown are means ± SEM (bars); *p < 0.05 by Student’s t-test.

glioma eradication and to prompt certain anti-tumoral immune
responses (8, 9, 32). The higher percentage of CD8+ T cells
and the ratio to CD4+ T cells in TILs have been reported
to be associated with a favorable prognosis in patients with
glioma (11). However, the role of effector CD8T cells in
glioma is still obscure. Understanding whether a subset of
effector CD8T cells will infiltrate into tumors, their activity,
and how they are suppressed might help identify immune-
related therapeutic targets for intervention. The current study
revealed that a subset of effector CD8+ T cells characterized
as CD38+HLA-DR+CD8+ existed in both the peripheral blood
and the tumor microenvironment, which indicated that the
immune system of patients with glioma could recognize the
tumor cells at an early stage. The high-grade gliomas appeared
to generate a higher percentage of these cells, and these
cells demonstrated increased infiltration into the tumors. Our
data showed that the chemokine CCL5-CCR5 axis may be
an important mechanism for attracting these effector T cells
to the tumor microenvironment since tumor tissues expressed
abundant CCL5 and T cells highly expressed CCR5. We also
showed that CD38+HLA-DR+CD8+ cells were still functional,
as they could be activated ex vivo. In response to glioma,
CCR5+CD38+HLA-DR+CD8+ T cells were activated with a
coinciding increase in TEMRA+ (CD45RA+CCR7−). Increases
of IFN-γ and Granzyme B underlying CCR5+CD38+HLA-
DR+CD8+ T cell activation were observed after co-culturing
with glioma cells. In addition, the CD38+HLA-DR+CD8+ cells
expressed higher levels of PD-1, and the presence of CD8+ T cells
indicated reinforcement of glioma PD-L1 expression, suggesting
that the PD-1/PD-L1 loop may facilitate the maintenance of
proper immune responses. As such, therapies that can modulate
the immune check-point may rescue these cells and would have
potential benefits in the treatment of glioma.

The percentage of CD38+HLA-DR+CD8+ T-cell activation
was significantly elevated in the circulating blood and tumors,
indicating the active infiltration of these cells into the tumors.
In addition, the elevated expression of CCL5 was also observed
in patients with GBM, and this may be associated with
an increased expression of CCR5 on CD38+HLA-DR+CD8+

T cells. This is consistent with previous studies that have
reported that the expression of CCR5 facilitates CD8+ T-
cell migration to damaged tissues (23, 33). The expression
of CCR5 on CD8+ T cells was determined to promote
the M1 macrophage and T-helper cell immune response
associated with β chemokines, including CCL5 (34, 35).
Although previous studies have demonstrated that CCR5
expression is restricted to memory (CD28+CD45RA−) and
effector (CD28−CD45RA− and CD28−CD45RA+) CD8+ T
cells (23), in this study we also demonstrated that CCR5

was distinctly expressed in the CD38+HLA-DR+CD8+ T-cell
population characterized as TEMRA+ (CD45RA+CCR7−) from
patients with glioma. In addition, expression of TNFR2+ in
the CD38+HLA-DR+CD8+ T-cell population appeared to be
tumor specific, as these cells were not significantly potentiated
in the patient PBMCs. In addition, the regulation of CCR5 in
human peripheral blood lymphocytes has been shown to be
inversely regulated by TNFα via TNFR2 activation (33). Results
have also revealed the tumor-specific activation of TNFR2 in
CD38+HLA-DR+CD8+ TILs. The regulation between CCR5
and TNFR2 appears to be consistent with past results as
being inversely expressed in CD38+HLA-DR+CD8+ T cells
from patient PBMCs (Figures 3A,B). However, this reduction
of TNFR2+ on CD38+HLA-DR+CD8+ T cells from patient
PBMCs was not equally observed in CD38+HLA-DR+CD8+

TILs, which displayed a marked increase in TNFR2+ expression
(Figures 3A,B). The activation of TNFR2 was previously
indicated to initiate cell survival via the NF-κB pathway,
which leads to the induction of anti-apoptotic factors such as
BCL-2 (36). Moreover, TNFR2-deficient mice reveal significant
tumor growth, and the presence of TNFR2 associates with the
accumulation of CD8+ TILs and CD8+ T-cell IFN-γ synthesis,
suggesting TNFR2 potentiation on CD8+ TILs has a role in
anti-tumor activities (37, 38).

Accumulating evidence has indicated that the CCL5-CCR5
interaction facilitates cancer progression, including breast
cancer, osteosarcoma, and colon cancer (39). Previously,
CCL5 expression in human and murine colon cancers was
demonstrated to enhance regulatory T cell (Treg) infiltration
through CCR5 expression, which can initiate TGF-β-dependent
CD8+ T-cell apoptosis (40). In the present study, we also
found an elevation of CCL5 in the glioma microenvironment,
which is in accordance with the infiltration of CD38+HLA-
DR+CD8+ TILs via CCR5 expression. However, it is unclear
whether CCL5 in gliomas would also trigger similar Treg
inhibition toward CD8+ TILs, as we only found a negligible
population (<2%) of Treg characterized as Foxp3+ CD4+

(data not shown). Several reports have also indicated that the
expression of immune checkpoints, including Tim-3 and PD-
1, render CD8+ T cells exhausted, and PD-1 blockade can
not only improve CD8+ TIL activation and anti-tumor efficacy
(41) but can also result in a CD8+ T-cell-dependent survival
benefit (42). Here, we have observed an increased expression
of PD-1 on CD38+HLA-DR+CD8+ cells relative to the rest
of the CD8+ cells, suggesting the possibility of CD38+HLA-
DR+CD8+ TIL exhaustion. Furthermore, the expression of
CCR5 has been indicated as a co-factor for aiding virus entry
(e.g., HIV and cytomegalovirus) into immune cells, and this
can interrupt systematic immune coherence (43, 44). However,
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FIGURE 5 | The association of CD38+HLA-DR+CD8+ T cell penetration and CCL5 expression in GBM. (A) Increased expression of CCL5 in gliomas (tumor; n = 15)

relative to peripheral normal brain tissues (nontumor; n = 15). (B) A representative image of CCL5 (brown) expression in GBM where TILs are abundantly expressed

(black arrow). (C) IHC revealed the co-expression (yellow arrow) of CD8 (red), CD38 (green), and HLA-DR (gray) in GBM (left column) and adjacent to blood vessels

(right column). (D) The percentage expression of PD-1 on CD38+HLA-DR+CD8+ T cells (white) and other CD8+ T cells (black). (E) IHC revealed the expression of

PD-L1 (brown) in GII-GIV newly-diagnosed and GIV recurrent gliomas. P-PBMCs = 38; P-TILs = 17. Scale bars = 100µm. Values shown are means ± SEM (bars);

*p < 0.05 by Student’s t-test.
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FIGURE 6 | Co-expression of functional and exhausted molecules in CCR5+CD38+HLA-DR+CD8+ T cells in response to glioma. (A) Representative images of

gating CD45RA+CCR7− in CCR5+CD38+HLA-DR+CD8+ T cells after 24 h of co-culture with U87 glioma cells. (B) Responsiveness

of CCR5+CD38+HLA-DR+CD8+ T cells as revealed by memory phenotypes in patients (n = 11) relative to HD (n = 6). (C) Expressions of T-bet, PD-1, and Tim-3 in

CCR5+CD38+HLA-DR+CD8+ T cells in response to glioma (n = 16). (D) Representative images of gating CD107a, IFN-γ, and Granzyme B in

CCR5+CD38+HLA-DR+CD8+ T cells after 24 h of co-culture with U87 glioma cells. (E) Expression of CD107a, IFN-γ, and Granzyme B in

CCR5+CD38+HLA-DR+CD8+ T cells in response to glioma (n = 24). Values shown are means ± SEM (bars); *p < 0.05, #p < 0.01 by Student’s t-test.
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whether or not elevated CCR5 expression in patients with
glioma enforces susceptibility toward virus infection still requires
further investigation.

The current study also revealed increased activation of effector
CD38+HLA-DR+CD8+ T cells accompanied by sustained
IFN-γ and IL-2 production, and these CD8+ T-cell subsets
were functionally capable after co-stimulation with PMA/ION.
Accumulating evidence has indicated that cytokines, including
IFN-γ and IL-12, are essential for maximal effector CD8+ T-
cell accumulation and for sustaining effector differentiation (45,
46). It was shown that exposure of CD8+ T cells to IL-12 and
IFN-γ maintains the surface expression of the IL-2 receptor,
which prolongs the CD8+ T-cell response to IL-2 and allows for
sustained division of active CD8+ T cells, resulting in greater
expansion of antigen-specific cells (46). The peripheral cytotoxic
CD8+ T cells were shown to propagate a sustained basal level of
IFN-γ and IL-2 under disease states with heterogeneity effects
in diseases and treatment results (47–49). In addition, IL-2
is thought to prompt effector T-cell differentiation (13). Our
current results revealed that the basal levels of IFN-γ and IL-
2 were higher in the patient group, which may explain the
hyperactivation of effector CD38+HLA-DR+CD8+ T cells in
these patients. The exact role of sustained basal production of
IFN-γ and IL-12 and its effect on antigen-specific cell expansion
in patients with glioma remains unclear, but it may allow for
persistent pathogen control. Our result also revealed that the
lymphopenic state was notable in these patients. The relationship
between lymphopenia and the burst activation of CD38+HLA-
DR+CD8+ T cells in high-grade glioma remains uncertain.
Several reports have demonstrated that naïve T lymphocytes
undergo rapid expansion during the lymphopenic state, requiring
the engagement of MHCs and T cell receptors (TCR) (50, 51).
The hyperexpansion of CD8+ T cells driven by lymphopenia
may transiently display effector functions prior to differentiation
of memory-like T cells, which is coupled to the presence of
CD44, CD122 (interleukin 2 receptor β), and Ly6C to secret
IFN-γ (52, 53).

In this present study, we demonstrated the functional
expression of CCR5 on CD38+HLA-DR+CD8+ T cells and the
presence of CD45RA+CCR7− underling CCR5+CD38+HLA-
DR+CD8+ T-cell activation in patients with glioma. The elevated
TNFR2+CD38+HLA-DR+CD8+ TILs indicated that TNFR2
might be involved in the anti-tumor response. Detection of CCL5
in GBM TILs suggested CCL5 might be one of the β chemokines
that attract CD38+HLA-DR+CD8+ TIL penetration. The PD-
L1 expression level in GBM glioma appears to be preserved
by the presence of CD8+ T cells, which presumably limits the

effectiveness of CCR5+CD38+HLA-DR+CD8+ TILs; therefore,
the availability of CCR5+CD38+HLA-DR+CD8+ T cells in
term of numbers to initiate proper immune responses may
also be violated and insufficient. As crucial central nervous
system antigen-presenting cells, the effect of microglia on the
propagation of CD38+HLA-DR+CD8+ T cells may be a key
factor that delineates the antigen-specific T-cell niche. Further
studies of CCR5 on microglia will help to clarify the effect of
CD38+HLA-DR+CD8+ T cells on the anti-tumor response.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation, to
any qualified researcher.

ETHICS STATEMENT

This study was approved by the ChangGungMedical Foundation
Institutional Review Board (No. 102-1096B) and in accordance
with the Helsinki Declaration. Patients were recruited from the
Department of Neurosurgery, Chang Gung Medical Foundation,
Taiwan, between 2013 and 2016. All eligible patients were
informed about the details of this study and provided a signed
informed consent prior to study participation.

AUTHOR CONTRIBUTIONS

CW, C-YL, J-YF, and P-YC were involved in the conception
and design of the study. CW, H-CC, and L-YF performed the
experiments. C-YL and J-HF provided technical support. CW,
L-YF, C-YL, C-YH, and P-YC analyzed the data. K-CW and
P-YC provided important materials. C-YL and J-YF critically
revised the manuscript. CW and P-YC wrote the manuscript.

FUNDING

This work was supported by grants from Chang Gung Memorial
Hospital, Taiwan (CMRPG3D1343, CMRPG3F1731, and
CMRPG3G0541) and the Ministry of Science and Technology,
Taiwan (105-2314-B-182-007 and 108-2314-B-182A-052).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fimmu.
2019.02395/full#supplementary-material

REFERENCES

1. Dunn GP, Rinne ML, Wykosky J, Genovese G, Quayle SN, Dunn IF, et al.

Emerging insights into the molecular and cellular basis of glioblastoma. Genes

Dev. (2012) 26:756–84. doi: 10.1101/gad.187922.112

2. Arko L, Katsyv I, Park GE, Luan WP, Park JK. Experimental approaches

for the treatment of malignant gliomas. Pharmacol Ther. (2010) 128:1–36.

doi: 10.1016/j.pharmthera.2010.04.015

3. Uehara K, Sasayama T, Miyawaki D, Nishimura H, Yoshida

K, Okamoto Y, et al. Patterns of failure after multimodal

treatments for high-grade glioma: effectiveness of MIB-1

labeling index. Radiat Oncol. (2012) 7:104. doi: 10.1186/1748-

717X-7-104

4. Eljamel S, Petersen M, Valentine R, Buist R, Goodman C, Moseley

H, et al. Comparison of intraoperative fluorescence and MRI image

guided neuronavigation in malignant brain tumours, a prospective controlled

Frontiers in Immunology | www.frontiersin.org 12 October 2019 | Volume 10 | Article 2395

https://www.frontiersin.org/articles/10.3389/fimmu.2019.02395/full#supplementary-material
https://doi.org/10.1101/gad.187922.112
https://doi.org/10.1016/j.pharmthera.2010.04.015
https://doi.org/10.1186/1748-717X-7-104
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Chen et al. Tumor-Infiltrating CCR5+CD38+HLA-DR+CD8+ T Cells

study. Photodiagn Photodyn Ther. (2013) 10:356–61. doi: 10.1016/j.pdpdt.

2013.03.006

5. Farmer JP, Antel JP, Freedman M, Cashman NR, Rode H, Villemure JG.

Characterization of lymphoid cells isolated from human gliomas. J Neurosurg.

(1989) 71:528–33. doi: 10.3171/jns.1989.71.4.0528

6. El Andaloussi A, Lesniak MS. An increase in CD4+CD25+FOXP3+

regulatory T cells in tumor-infiltrating lymphocytes of human

glioblastoma multiforme. Neurooncology. (2006) 8:234–43.

doi: 10.1215/15228517-2006-006

7. Berghoff AS, Kiesel B, Widhalm G, Rajky O, Ricken G, Wohrer A,

et al. Programmed death ligand 1 expression and tumor-infiltrating

lymphocytes in glioblastoma. Neurooncology. (2015) 17:1064–75.

doi: 10.1093/neuonc/nou307

8. Prasad S, Gaedicke S, Machein M, Mittler G, Braun F, Hettich M, et al.

Effective eradication of glioblastoma stem cells by local application of an

AC133/CD133-specific T-cell-engaging antibody and CD8T cells. Cancer Res.

(2015) 75:2166–76. doi: 10.1158/0008-5472.CAN-14-2415

9. Renner DN, Jin F, Litterman AJ, Balgeman AJ, Hanson LM, Gamez JD,

et al. Effective treatment of established GL261 murine gliomas through

picornavirus vaccination-enhanced tumor antigen-specific CD8+ T cell

responses. PLoS ONE. (2015) 10:e0125565. doi: 10.1371/journal.pone.0125565

10. Mitchell DA, Fecci PE, Sampson JH. Immunotherapy of

malignant brain tumors. Immunol Rev. (2008) 222:70–100.

doi: 10.1111/j.1600-065X.2008.00603.x

11. Han S, Zhang C, Li Q, Dong J, Liu Y, Huang Y, et al. Tumour-infiltrating

CD4(+) and CD8(+) lymphocytes as predictors of clinical outcome in glioma.

Br J Cancer. (2014) 110:2560–8. doi: 10.1038/bjc.2014.162

12. Williams MA, Bevan MJ. Effector and memory CTL

differentiation. Annu Rev Immunol. (2007) 25:171–92.

doi: 10.1146/annurev.immunol.25.022106.141548

13. Feau S, Arens R, Togher S, Schoenberger SP. Autocrine IL-2 is required for

secondary population expansion of CD8(+) memory T cells. Nat Immunol.

(2011) 12:908–13. doi: 10.1038/ni.2079

14. Aoki T, Tashiro K, Miyatake S, Kinashi T, Nakano T, Oda Y, et al.

Expression of murine interleukin 7 in a murine glioma cell line results in

reduced tumorigenicity in vivo. Proc Natl Acad Sci USA. (1992) 89:3850–4.

doi: 10.1073/pnas.89.9.3850

15. Church SE, Jensen SM, Antony PA, Restifo NP, Fox BA. Tumor-specific CD4+

T cells maintain effector and memory tumor-specific CD8+ T cells. Eur J

Immunol. (2014) 44:69–79. doi: 10.1002/eji.201343718

16. Smith GA, Taunton J, Weiss A. IL-2Rbeta abundance differentially tunes

IL-2 signaling dynamics in CD4(+) and CD8(+) T cells. Sci Signal. (2017)

10:eaan4931. doi: 10.1126/scisignal.aan4931

17. Deaglio S, Vaisitti T, Aydin S, Ferrero E, Malavasi F. In-tandem insight from

basic science combined with clinical research: CD38 as both marker and

key component of the pathogenetic network underlying chronic lymphocytic

leukemia. Blood. (2006) 108:1135–44. doi: 10.1182/blood-2006-01-013003

18. Hua S, Lecuroux C, Saez-Cirion A, Pancino G, Girault I, Versmisse P, et

al. Potential role for HIV-specific CD38-/HLA-DR+ CD8+ T cells in viral

suppression and cytotoxicity in HIV controllers. PLoS ONE. (2014) 9:e101920.

doi: 10.1371/journal.pone.0101920

19. Wong SW, Comenzo RL. CD38 Monoclonal antibody therapies for

multiple myeloma. Clin Lymphoma Myeloma Leuk. (2015) 15:635–45.

doi: 10.1016/j.clml.2015.07.642

20. Karan-Djurasevic T, Palibrk V, Zukic B, Spasovski V, Glumac I, Colovic

M, et al. Expression of Bcl2L12 in chronic lymphocytic leukemia patients:

association with clinical and molecular prognostic markers. Med Oncol.

(2013) 30:405. doi: 10.1007/s12032-012-0405-7

21. Malavasi F, Deaglio S, Funaro A, Ferrero E, Horenstein AL, Ortolan

E, et al. Evolution and function of the ADP ribosyl cyclase/CD38

gene family in physiology and pathology. Physiol Rev. (2008) 88:841–86.

doi: 10.1152/physrev.00035.2007

22. Ma Y, Jiang J, Ying W. CD38 mediates the intracellular ATP levels

and cell survival of C6 glioma cells. Neuroreport. (2014) 25:569–73.

doi: 10.1097/WNR.0000000000000139

23. Fukada K, Sobao Y, Tomiyama H, Oka S, Takiguchi M. Functional

expression of the chemokine receptor CCR5 on virus epitope-specific

memory and effector CD8+ T cells. J Immunol. (2002) 168:2225–32.

doi: 10.4049/jimmunol.168.5.2225

24. Palmer LA, Sale GE, Balogun JI, Li D, Jones D, Molldrem JJ, et

al. Chemokine receptor CCR5 mediates alloimmune responses in graft-

versus-host disease. Biol Blood Marrow Transplant. (2010) 16:311–9.

doi: 10.1016/j.bbmt.2009.12.002

25. Wu L, Paxton WA, Kassam N, Ruffing N, Rottman JB, Sullivan N,

et al. CCR5 levels and expression pattern correlate with infectability

by macrophage-tropic HIV-1, in vitro. J Exp Med. (1997) 185:1681–91.

doi: 10.1084/jem.185.9.1681

26. Johnson EL, Howard CL, Thurman J, Pontiff K, Johnson ES, Chakraborty

R. Cytomegalovirus upregulates expression of CCR5 in central memory

cord blood mononuclear cells, which may facilitate in utero HIV type 1

transmission. J Infect Dis. (2015) 211:187–96. doi: 10.1093/infdis/jiu424

27. Lefort CT, Kim M. Human T lymphocyte isolation, culture and analysis of

migration in vitro. J Vis Exp. (2010) 40:2017. doi: 10.3791/2017

28. Miescher S, Whiteside TL, de Tribolet N, von Fliedner V. In situ

characterization, clonogenic potential, and antitumor cytolytic activity of T

lymphocytes infiltrating human brain cancers. J Neurosurg. (1988) 68:438–48.

doi: 10.3171/jns.1988.68.3.0438

29. Elliott LH, Brooks WH, Roszman TL. Activation of immunoregulatory

lymphocytes obtained from patients with malignant gliomas. J Neurosurg.

(1987) 67:231–6. doi: 10.3171/jns.1987.67.2.0231

30. Wiencke JK, Accomando WP, Zheng S, Patoka J, Dou X, Phillips JJ, et

al. Epigenetic biomarkers of T-cells in human glioma. Epigenetics. (2012)

7:1391–402. doi: 10.4161/epi.22675

31. Vuletic A, Jovanic I, Jurisic V, Milovanovic Z, Nikolic S, Spurnic I, et

al. Decreased interferon gamma production in CD3+ and CD3- CD56+

lymphocyte subsets in metastatic regional lymph nodes of melanoma patients.

Pathol Oncol Res. (2015) 21:1109–14. doi: 10.1007/s12253-015-9938-3

32. Domingues P, Gonzalez-Tablas M, Otero A, Pascual D, Miranda D, Ruiz L, et

al. Tumor infiltrating immune cells in gliomas andmeningiomas. Brain Behav.

Immun. (2015) 53:1–15. doi: 10.1016/j.bbi.2015.07.019

33. Hornung F, Scala G, Lenardo MJ. TNF-alpha-induced secretion of

C-C chemokines modulates C-C chemokine receptor 5 expression

on peripheral blood lymphocytes. J Immunol. (2000) 164:6180–7.

doi: 10.4049/jimmunol.164.12.6180

34. Sato W, Tomita A, Ichikawa D, Lin Y, Kishida H, Miyake S, et

al. CCR2(+)CCR5(+) T cells produce matrix metalloproteinase-9 and

osteopontin in the pathogenesis of multiple sclerosis. J Immunol. (2012)

189:5057–65. doi: 10.4049/jimmunol.1202026

35. Li F, Cheng B, Cheng J, Wang D, Li H, He X. CCR5 blockade

promotes M2 macrophage activation and improves locomotor recovery

after spinal cord injury in mice. Inflammation. (2015) 38:126–33.

doi: 10.1007/s10753-014-0014-z

36. Brenner D, Blaser H, Mak TW. Regulation of tumour necrosis

factor signalling: live or let die. Nat Rev Immunol. (2015) 15:362–74.

doi: 10.1038/nri3834

37. Bertrand F, Rochotte J, Colacios C, Montfort A, Tilkin-Mariame AF, Touriol

C, et al. Blocking tumor necrosis factor alpha enhances CD8 T-cell-

dependent immunity in experimental melanoma. Cancer Res. (2015) 75:2619–

28. doi: 10.1158/0008-5472.CAN-14-2524

38. Williams GS, Mistry B, Guillard S, Ulrichsen JC, Sandercock AM,

Wang J, et al. Phenotypic screening reveals TNFR2 as a promising

target for cancer immunotherapy. Oncotarget. (2016) 7:68278–91.

doi: 10.18632/oncotarget.11943

39. Aldinucci D, Colombatti A. The inflammatory chemokine CCL5

and cancer progression. Mediators Inflamm. (2014) 2014:292376.

doi: 10.1155/2014/292376

40. Chang LY, Lin YC, Mahalingam J, Huang CT, Chen TW, Kang CW, et

al. Tumor-derived chemokine CCL5 enhances TGF-beta-mediated killing of

CD8(+) T cells in colon cancer by T-regulatory cells. Cancer Res. (2012)

72:1092–102. doi: 10.1158/0008-5472.CAN-11-2493

41. Speranza MC, Passaro C, Ricklefs F, Kasai K, Klein SR, Nakashima H,

et al. Preclinical investigation of gene-mediated cytotoxic immunotherapy

and checkpoint blockade in glioblastoma. Neurooncology. (2017) 20:225–35.

doi: 10.1093/neuonc/nox139

Frontiers in Immunology | www.frontiersin.org 13 October 2019 | Volume 10 | Article 2395

https://doi.org/10.1016/j.pdpdt.2013.03.006
https://doi.org/10.3171/jns.1989.71.4.0528
https://doi.org/10.1215/15228517-2006-006
https://doi.org/10.1093/neuonc/nou307
https://doi.org/10.1158/0008-5472.CAN-14-2415
https://doi.org/10.1371/journal.pone.0125565
https://doi.org/10.1111/j.1600-065X.2008.00603.x
https://doi.org/10.1038/bjc.2014.162
https://doi.org/10.1146/annurev.immunol.25.022106.141548
https://doi.org/10.1038/ni.2079
https://doi.org/10.1073/pnas.89.9.3850
https://doi.org/10.1002/eji.201343718
https://doi.org/10.1126/scisignal.aan4931
https://doi.org/10.1182/blood-2006-01-013003
https://doi.org/10.1371/journal.pone.0101920
https://doi.org/10.1016/j.clml.2015.07.642
https://doi.org/10.1007/s12032-012-0405-7
https://doi.org/10.1152/physrev.00035.2007
https://doi.org/10.1097/WNR.0000000000000139
https://doi.org/10.4049/jimmunol.168.5.2225
https://doi.org/10.1016/j.bbmt.2009.12.002
https://doi.org/10.1084/jem.185.9.1681
https://doi.org/10.1093/infdis/jiu424
https://doi.org/10.3791/2017
https://doi.org/10.3171/jns.1988.68.3.0438
https://doi.org/10.3171/jns.1987.67.2.0231
https://doi.org/10.4161/epi.22675
https://doi.org/10.1007/s12253-015-9938-3
https://doi.org/10.1016/j.bbi.2015.07.019
https://doi.org/10.4049/jimmunol.164.12.6180
https://doi.org/10.4049/jimmunol.1202026
https://doi.org/10.1007/s10753-014-0014-z
https://doi.org/10.1038/nri3834
https://doi.org/10.1158/0008-5472.CAN-14-2524
https://doi.org/10.18632/oncotarget.11943
https://doi.org/10.1155/2014/292376
https://doi.org/10.1158/0008-5472.CAN-11-2493
https://doi.org/10.1093/neuonc/nox139
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Chen et al. Tumor-Infiltrating CCR5+CD38+HLA-DR+CD8+ T Cells

42. Antonios JP, Soto H, Everson RG, Orpilla J, Moughon D, Shin N, et al. PD-1

blockade enhances the vaccination-induced immune response in glioma. JCI

Insight. (2016) 1:e87059. doi: 10.1172/jci.insight.87059

43. Berger EA, Murphy PM, Farber JM. Chemokine receptors as HIV-1

coreceptors: roles in viral entry, tropism, and disease. Annu Rev Immunol.

(1999) 17:657–700. doi: 10.1146/annurev.immunol.17.1.657

44. Bongers G, Maussang D, Muniz LR, Noriega VM, Fraile-Ramos A, Barker

N, et al. The cytomegalovirus-encoded chemokine receptor US28 promotes

intestinal neoplasia in transgenic mice. J Clin Invest. (2010) 120:3969–78.

doi: 10.1172/JCI42563

45. Curtsinger JM, Valenzuela JO, Agarwal P, Lins D, Mescher MF.

Type I IFNs provide a third signal to CD8T cells to stimulate

clonal expansion and differentiation. J Immunol. (2005) 174:4465–9.

doi: 10.4049/jimmunol.174.8.4465

46. Starbeck-Miller GR, Xue HH, Harty JT. IL-12 and type I interferon

prolong the division of activated CD8T cells by maintaining high-affinity

IL-2 signaling in vivo. J Exp Med. (2014) 211:105–20. doi: 10.1084/jem.

20130901

47. Berner B, Akca D, Jung T, Muller GA, Reuss-Borst MA. Analysis of Th1 and

Th2 cytokines expressing CD4+ and CD8+ T cells in rheumatoid arthritis by

flow cytometry. J Rheumatol. (2000) 27:1128–35.

48. Adams AB, Larsen CP, Pearson TC, Newell KA. The role of TNF receptor and

TNF superfamily molecules in organ transplantation. Am J Transpl. (2002)

2:12–8. doi: 10.1034/j.1600-6143.2002.020104.x

49. Muraro E, Comaro E, Talamini R, Turchet E, Miolo G, Scalone S, et al.

Improved Natural Killer cell activity and retained anti-tumor CD8(+) T cell

responses contribute to the induction of a pathological complete response in

HER2-positive breast cancer patients undergoing neoadjuvant chemotherapy.

J Transl Med. (2015) 13:204. doi: 10.1186/s12967-015-0567-0

50. Ge Q, Rao VP, Cho BK, Eisen HN, Chen J. Dependence of lymphopenia-

induced T cell proliferation on the abundance of peptide/ MHC epitopes and

strength of their interaction with T cell receptors. Proc Natl Acad Sci USA.

(2001) 98:1728–33. doi: 10.1073/pnas.98.4.1728

51. Long B, Wong CP, Wang Y, Tisch R. Lymphopenia-driven CD8(+) T cells

are resistant to antigen-induced tolerance in NOD.scid mice. Eur J Immunol.

(2006) 36:2003–12. doi: 10.1002/eji.200535717

52. Cho BK, Rao VP, Ge Q, Eisen HN, Chen J. Homeostasis-stimulated

proliferation drives naive T cells to differentiate directly into memory T cells.

J Exp Med. (2000) 192:549–56. doi: 10.1084/jem.192.4.549

53. Goldrath AW, Bogatzki LY, Bevan MJ. Naive T cells transiently acquire a

memory-like phenotype during homeostasis-driven proliferation. J Exp Med.

(2000) 192:557–64. doi: 10.1084/jem.192.4.557

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Chen, Wu, Fang, Chen, Feng, Huang, Wei, Fang and Lin. This

is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Immunology | www.frontiersin.org 14 October 2019 | Volume 10 | Article 2395

https://doi.org/10.1172/jci.insight.87059
https://doi.org/10.1146/annurev.immunol.17.1.657
https://doi.org/10.1172/JCI42563
https://doi.org/10.4049/jimmunol.174.8.4465
https://doi.org/10.1084/jem.20130901
https://doi.org/10.1034/j.1600-6143.2002.020104.x
https://doi.org/10.1186/s12967-015-0567-0
https://doi.org/10.1073/pnas.98.4.1728
https://doi.org/10.1002/eji.200535717
https://doi.org/10.1084/jem.192.4.549
https://doi.org/10.1084/jem.192.4.557
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	Functional Change of Effector Tumor-Infiltrating CCR5+CD38+HLA-DR+CD8+ T Cells in Glioma Microenvironment
	Introduction
	Materials and Methods
	Standard Protocol Approval, Registration, and Patient Consent
	Glioma Cell Culture
	Preparation of Blood and Tumor Samples
	Multiparameter Flow Cytometry Analysis
	Intracellular Cytokine Production Assays
	Immunohistocytology
	Quantitative Real-Time PCR
	Western Blotting
	Statistical Analysis

	Results
	Patients With Glioma Display a Decrement of Peripheral CD3+ T Cells in Comparison to Healthy Donors
	Increased CD38+HLA-DR+CD8+ T Cells and Accumulation in the Tumor Microenvironment in High-Grade Gliomas
	The Concurrent Expression of CCR5 and TNFR2 on CD38+HLA-DR+CD8+ T Cells From Patient PBMCs and Tumors
	CD38+HLA-DR+CD8+ T Cells From Patient PBMCs Produce IFN-γ and IL-2 Upon Stimulation With PMA and ION
	CCL5 and CD38+HLA-DR+CD8+ T-Cell Presentation in Patient Tumor Tissues
	Co-expression of Functional and Exhausted Molecules in CCR5+CD38+HLA-DR+CD8+ T Cells in Response to Glioma

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


