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Background: Micro RNA plays a role in the pathogenesis of glioma.
Results: Glioma-derived miR-92a induces IL-6� IL-10� NKT cells, which suppress CD8 cells.
Conclusion: Glioma-derived miR-92a compromises the antitumor immunity.
Significance: miR-92a may be a therapeutic target in the treatment of glioma.

Therapeutic outcomes of glioma are currently not encourag-
ing. Tumor tolerance plays an important role in the pathogene-
sis of glioma. It is reported that micro RNAs (miR) are associated
with tumor development. This study aims to investigate the role
of miR-92a in the development of tolerant natural killer T
(NKT) cells. In this study, U87 cells (a human glioma cell line)
and primary glioma cells were prepared. The assessment of miR-
92a was performed by real time RT-PCR. The expression of
interleukin (IL)-10 and IL-6 in NKT cells was evaluated by flow
cytometry. Results showed that abundant IL-6� IL-10� NKT
cells were detected in glioma tissue. Cultures of glioma cells and
NKT cells induced the expression of IL-6 and IL-10 in NKT cells.
Glioma cells expressed miR-92a; the latter played a critical role
in the induction of IL-6 and IL-10 expression in NKT cells. The
expression of the antitumor molecules, including perforin, Fas
ligand, and interferon-�, was significantly attenuated compared
with control NKT cells. The IL-6� IL-10� NKT cells showed less
capability in the induction of apoptosis in glioma cells, but
showed the immune suppressor functions on CD8� T cell activ-
ities. We conclude that glioma-derived miR-92a induces IL-6�

IL-10� NKT cells; this fraction of NKT cells can suppress cyto-
toxic CD8� T cells.

Glioma is a malignant tumor in the brain that stems from
glial cells. The pathogenesis of glioma needs to be further inves-
tigated. Because of the anatomical feature, it is not easy to diag-
nose glioma in its early stages. Most glioma is diagnosed in its
advanced stages. The therapeutic outcomes of glioma is cur-
rently not encouraging (1).

One of the factors of tumor pathogenesis is the tumor toler-
ance. Specific immune regulatory cells, such as regulatory T

cells and regulatory B cells, are localized in tumor tissue (2). The
mechanism by which immune regulatory cells develop in tumor
is not yet fully understood.

Natural killer T (NKT)3 cells are a sub-fraction of T cells. A
large number of published studies demonstrate that NKT cells
have miscellaneous functions in immune regulation, one of
which is that NKT cells are a tumor cell killer, based on the
production of antitumor cytokines, including IL-4, IFN-�, Fas
ligand (FasL), IL-13, perforin, etc (3). Besides contributing to
immune protection, NKT cells are also involved in immune
tolerance in the body (4); the underlying mechanism of the
tolerant NKT cell induction is unclear. Whether NKT cells con-
tribute, tumor tolerance in glioma is unknown.

Micro RNAs (miR) are a kind of endogenous small RNA. The
length of miR is about 20 –24 nucleotides of RNA. Published
data indicate that several miRs can regulate the same genes. A
gene expression may be regulated by the combination of several
miRNAs. Presumably, miRNA regulates human 1/3 gene (5).
miRs are involved in the development and functions of regula-
tory immune cells (6), expression of IL-6 and IL-10, as well
as the pathogenesis of cancer (7, 8). Based on the above infor-
mation, we hypothesize that glioma cells can contribute to
tumor tolerance. Indeed, the results of the present study
showed that glioma cells produced miR-92a; the latter induced
IL-6� IL-10� NKT cells. This fraction of NKT cells showed
immune suppressor functions on CD8� T cell activities.

MATERIALS AND METHODS

Reagents—The �-GalCer analog 7, anti-CD3 (F7.2.38), and
anti-CD28 (CD28.1) antibodies were purchased from Santa
Cruz Biotechnology (Shanghai, China). The miRCURY RNA
Isolation Kit™ was purchased from Exiqon (Shanghai, China).
The primers and antisense of miR-92a was synthesized by
GenScript (Guangzhou, China). The fluorochrome-labeled
antibodies for flow cytometry were purchased from BD Biosci-
ences (Shanghai, China). The annexin V reagent kit was pur-
chased from Sigma Aldrich. The immune cell isolation kits
were purchased from Miltenyi Biotech (Guangzhou, China).
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The reagents for real time PCR was purchased from Invitrogen.
The neutralizing antibodies of IL-6/IL-10, IL-2, IL-15 were pur-
chased from R&D Systems (Guangzhou, China).

U87 Cell Culture—U87 cells (a human glioma cell line;
ATCC) were cultured in DMEM supplemented with 10% fetal
bovine serum, 100 units/ml penicillin, 0.1 mg/ml streptomycin,
and 2 mM L-glutamine. The medium was changed every 2–3
days. The cell viability was greater than 99% before use for fur-
ther experiments, as assessed by Trypan Blue exclusion assay.

Research Ethic Statement—The use of human tissue in the
present study was approved by the Human Research Ethic
Committee at Guilin Medical University. The experiments
were carried out in accordance with these guidelines. An
informed written consent was obtained from each subject.

Preparation of Primary Glioma Cells—Surgically removed
glioma tissue was collected from the operation room, cut into
small pieces (2 � 2 � 2 mm), and incubated for 2 h at 37 °C in
the presence of 0.5 mg/ml collagenase IV. The tissue slurry was
passed through a cell strainer (70 �m). After washing with cul-
ture medium three times, cells were incubated with magnetic
bead-conjugated antibodies to separate immune cells, includ-
ing CD3� cells, CD14� cells, and CD11c� cells from glioma
cells. As assessed by Trypan Blue exclusion assay, the viability of
the cells was greater than 98%.

Flow Cytometry—For surface staining, the cells were blocked
by 1% bovine serum albumin (BSA) for 30 min and incubated
with fluorochrome-labeled antibodies for 1 h on ice. For intra-
cellular staining, the cells were fixed with 2% paraformaldehyde
containing 0.1% Triton X-100 for 2 h. After washing, the cells
were blocked with 1% BSA for 30 min. The cells were incubated
with the primary antibodies (labeled with fluorochromes anti-
6B11 � 100 ng/ml; anti-CD3 � 500 ng/ml; anti-IL-10 � 200
ng/ml; anti-IL-6 � 200 ng/ml) for 1 h at room temperature.
After washing, the cells were analyzed by flow cytometry.
Results were analyzed with software FlowJo (TreeStar, Ashland
OR).

Assessment of miR-92a—The total RNA was extracted from
glioma cells with a miRCURY RNA Isolation kit. The cDNA
was synthesized using a reverse transcription kit. Real-time
PCR was performed on a MiniOpticon real-time PCR device
(Bio-Rad) using the SYBR Green master mix using snRNA U6
as an internal control. Results were calculated by the 2���Ct

method and normalized to a percentage of U6.
Immune Cell Isolation—NKT cells and CD8� T cells were

purified by the magnetic cell sorting (MACS) with commercial
reagent kits following the manufacturer’s instructions. The
purity of the cells was greater than 98% as assessed by flow
cytometry.

Generation of IL-6� IL-10� NKT Cells—NKT cells were iso-
lated from the peripheral blood of healthy subjects and cultured
in RPMI1640 medium in the presence of miR-92a (5 �g/ml),
IL-2 (20 ng/ml), IL-15 (20 ng/ml). The medium was changed
every 3 days. Cells were collected on day 9 to be used in further
experiments. The frequency of IL-6� IL-10� NKT cells was
greater than 90% as checked by flow cytometry.

Assessment of DNA Demethylation of the IL-6 and IL-10
Promoters—The total DNA was extracted from NKT cells using
a DNA extraction reagent kit and treated with bisulfite to con-

vert unmethylated cytosine residues to uracil. The methyla-
tion-specific PCR was performed on a real-time PCR device
with the SYBR Green master mix and the following primers.
IL-6 promoter, methylated primers: Forward, GATGTTTGA-
GGTTTATTTTGTTTTC; reverse, AAAACCTACCTCTAC-
TACTAACGCC. Demethylated primers: forward, TGTTTG-
AGGTTTATTTTGTTTTTGA; reverse, AAAACCTACCTC-
TACTACTAACACC. IL-10 promoter primers, methylated:
Forward, TTTGGAATATATTTTGTGATTTCGT; reverse,
TCAACTATAAATTCTCATTCGCGTA. Demethylated: TTT-
GGAATATATTTTGTGATTTTGT; reverse, CCCTCAACT-
ATAAATTCTCATTCACA. �-actin: Forward, catccgcaaagac-
ctgtacg; reverse, cctgcttgctgatccacatc. Results were calculated
with the 2���Ct method and normalized to a percentage of the
internal control �-actin.

Enzyme-linked Immunosorbent Assay (ELISA)—The cyto-
kine levels were determined by ELISA with commercial reagent
kits following the manufacturer’s instructions.

Apoptotic Assay—Cells were stained with an annexin V rea-
gent kit and analyzed by flow cytometry.

Immune Suppression Assay—CD8� CD25� T cells were iso-
lated from the peripheral blood of healthy subjects, stained with
carboxyl fluoroscein succinimidyl ester (CFSE), and cultured
with the IL-6� IL-10� NKT cells at a ratio of 1:1 for 3 days in the
presence of anti-CD3/CD28 antibodies. Cells were collected at
the end of the culture and analyzed by flow cytometry (the
CFSE-dilution assay).

Statistics—The data are presented as mean � S.D. Differ-
ences between groups were determined by Student’s t test or
ANOVA if there were more than two groups. p � 0.05 was set as
a significance criterion.

RESULTS

IL-10� NKT Cells in Glioma Tissue—Surgically removed gli-
oma tissue was collected from 12 patients with glioma. Single
cells were prepared with the tissue and analyzed by flow cytom-
etry. CD3� 6B11� NKT cells were gated from the single cells
(Fig. 1, A and E), in which about 92.4% cells were IL-6� IL-10�

(Fig. 1, B and F). We then analyzed the peripheral CD3� T cells
from the same patients (Fig. 1, C and E). The results showed
that only 5.79% peripheral CD3� 6B11� NKT cells expressed
IL-6 and IL-10 (Fig. 1, D and F). Results implicate that the envi-
ronment of glioma tissue facilitates the differentiation of IL-6�

IL-10� NKT cells.
Glioma Cells Express miR-92a—Based on published data that

miR-92a is associated with the pathogenesis of cancer (9), we
hypothesize that glioma cells produce miR-92a to induce the
IL-6� IL-10� NKT cells. To test the hypothesis, we analyzed
the expression of miR-92a in glioma cells (including U87 cells
and primary glioma cells). Results showed that the miR-92a was
detectable in glioma cells, but at low levels. We then nonspe-
cifically activated glioma cells by PMA. Results showed that the
expression of miR-92a in NKT cells was markedly enhanced.
Since glioma cells express several Toll-like receptors (TLR), we
added SEB, or poly I:C, or LPS, to the glioma cell culture to
activate the cells, which dramatically enhanced the expression
of miR-92a in glioma cells (Fig. 2). Results suggest that glioma
cells produce miR-92a that can be up-regulated by activation.
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Glioma Cells Induce IL-6� IL-10� NKT Cells—Based on the
results of Fig. 1, we hypothesize that glioma cells induce the
IL-6� IL-10� NKT cells. To test the hypothesis, we isolated
6B11� NKT cells from PBMC of healthy volunteers; the NKT
cells were cultured with U87 cells (a glioma cell line) for 6 days.
The cells were analyzed by flow cytometry. The NKT cells (Fig.
3, A and H) were gated and further analyzed. Results showed
that the culture of NKT cells with medium alone did not appar-
ently induce IL-6� IL-10� NKT cells (Fig. 3, B and H). Culture
with U87 cells (Fig. 3, C and H) or primary glioma cells (Fig. 3, D
and H) markedly increased the frequency of the IL-6� IL-10�

NKT cells, which was abolished by the presence of the antisense
of miR-92a (Fig. 3, E and H). To strengthen the results, we
added miR-92a to the culture, which markedly increased the
frequency of IL-6� IL-10� NKT cells (Fig. 3, F and H). Used as
a control, we cultured peripheral NKT cells with HEK293 cells,
which did not induce any IL-6� IL-10� NKT cells (Fig. 3, G and
H). Results indicate that glioma cells can induce IL-6� IL-10�

NKT cells via miR-92a.
To take a further insight into the mechanism of the induction

of the IL-6� IL-10� NKT cells, we assessed the demethylation
of the promoter of IL-6 and IL-10 in the NKT cells after the
procedures described in Fig. 3, B--G. Results showed that the
levels of the demethylated promoter DNA were correlated to
the frequency of the IL-6� IL-10� NKT cells (Fig. 3, I and J).

Antitumor Capability Is Suppressed in IL-10� NKT Cells—
We then analyzed the antitumor cytokines in the IL-6� IL-10�

NKT cells. IL-6� IL-10� NKT cells and control NKT cells were
exposed individually to �-GalCer in culture for 48 h. As ana-
lyzed by flow cytometry, the levels of antitumor cytokines,
including perforin, FasL, and IFN-�, were significantly lower in
IL-6� IL-10� NKT cells than control NKT cells (Fig. 4A).
Results indicate that the expression of antitumor cytokines is
suppressed in IL-6� IL-10� NKT cells and suggest that the

antitumor capability of the cells may be attenuated or lost. To
test this inference, we stained the above cells with annexin V
reagent; the cells were analyzed by flow cytometry. Results
showed that the activated NKT cells induced about 60% glioma
cell apoptosis while only 5% glioma cells were apoptotic after
culture with IL-6� IL-10� NKT cells, which was similar to the
glioma cells cultured with medium alone (Fig. 4B). These
results indicate that the IL-6� IL-10� NKT cells do not con-
serve the antitumor functions.

Glioma-derived NKT Cells Have Immune Suppressor
Functions—Based on the above results, we infer that the IL-6�

IL-10� NKT cells have immune suppressor functions. To test
the hypothesis, we cultured IL-6� IL-10� NKT cells with CD8�

CD25� T cells. Results showed that the presence of IL-6�

IL-10� NKT cells significantly suppressed the anti-CD3/CD28
Ab-induced CD8� T cell proliferation (Fig. 5, A–C, and I),
which was attenuated by the addition of neutralizing antibodies
of IL-6 (Fig. 5, D and I) or IL-10 (Fig. 5, E and I), and abolished
by the addition of both anti-IL-6 and anti-IL-10 antibodies (Fig.
5, F and I). The control NKT cells (NKT cells isolated from

FIGURE 1. Frequency of IL-10� NKT cells in glioma. Surgically removed glioma tissue was collected from 12 patients. Single cells were prepared from the
tissue and analyzed by flow cytometry. A and C, gated dot plots indicate the frequency of NKT cells. B and D, dot plots indicate the frequency of IL-6� IL-10� NKT
cells in the gated NKT cells of A and C. E and F, bars indicate the frequency of IL-10� NKT cells of A and C (E), or B and D (F). The data are presented as mean �
S.D. *, p � 0.01, compared with A (E) or B (F). Samples from individual patients were processed separately. Data are representative of 12 independent
experiments.

FIGURE 2. Levels of miR-92a in glioma cells. U87 cells and primary glioma
cells (primary) were cultured in medium alone, or in the presence of PMA (50
ng/ml), or SEB (20 ng/ml), or polyI:C (30 ng/ml), or LPS (100 ng/ml), for 24 h,
and analyzed by RT-qPCR. Bars indicate the levels of miR-92a in glioma cells.
Data are presented as mean � S.D. *, p � 0.01, compared with the medium
group. Data are representative of three independent experiments.
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healthy subjects and activated by �-GalCer) did not affect the
anti-CD3/CD28-induced CD8� T cell proliferation (Fig. 5, G
and I). To strengthen the results, we isolated NKT cells from
glioma tissue; NKT cells also suppressed the anti-CD3/CD28
Ab-induced CD8� T cell proliferation. Results suggest that the
IL-6� IL-10� NKT cells have immune suppressor functions.

DISCUSSION

It is proposed that tumor-specific tolerance contributes to
tumor survival; the development of tumor tolerance is not fully
understood yet. The present study has provided novel evidence
to show that a novel fraction of NKT cells has immune suppres-
sor functions on CD8� T cell activities. The IL-6� IL-10� NKT

cells show low levels of antitumor cytokines and do not induce
glioma cell apoptosis. Glioma cells can induce the expression of
IL-6� IL-10 in NKT cells in which miR-92a plays a critical role.

The tumor immune tolerance has been recognized for a long
time; it plays a critical role in the tumor escaping from the
immune surveillance. The cellular components of the tumor
immune tolerance mainly include regulatory T cells (10), regu-
latory B cells (11), and macrophages (12). The present study
adds novel information to this point by showing that the intra-
glioma NKT cells also have the immune suppressive feature.
Similar data have been reported by other investigators. Sag et al.
indicate that, after activation, NKT cells express IL-10; the
IL-10� NKT cells have immune suppressor functions (13). Our

FIGURE 3. Glioma cells induce IL-10 expression in NKT cells. The 6B11� NKT cells were isolated from healthy subjects (the purity was 	98%) and cultured in
the presence of PMA (50 ng/ml); the additional treatment is denoted above the histograms. Cells were analyzed by flow cytometry. A, gated cells are NKT cells.
B–F, histograms indicate the frequency of IL-6� IL-10� cells in the gated NKT cells in panel A. G, bars indicate the summarized data of B–F. I and J, bars indicate
the demethylated DNA levels of the IL-10 promoter (I) and IL-6 promoter (J) that were determined by methylation-specific PCR. Data are presented as mean �
S.D. *, p � 0.01, compared with group B. Data are representative of three independent experiments.

FIGURE 4. IL-6� IL-10� NKT cells show less antitumor capability. IL-6� IL-10� NKT cells and control NKT cells were prepared as described in the text. The two
cell populations were cultured individually (106 cells/ml) in the presence of �-GalCer for 48 h. A, bars indicate the levels of antitumor cytokines (as denoted on
the x axis) in the culture supernatant. B, U87 cells were cultured with either IL-6� IL-10� NKT cells or control NKT cells (at a ratio of 1:1) in the presence of
�-GalCer for 48 h. Cells were analyzed by flow cytometry. Bars indicate the frequency of annexin V� glioma cells. Data are presented as mean � S.D. *, p � 0.01,
compared with the group of IL-6� IL-10� NKT group (A), or medium group (B). Data are representative of three independent experiments.
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data show that the glioma-derived NKT cells not only express
IL-10, but more than 90% cells also express IL-6. The fact sug-
gests that the glioma-derived NKT cells are different from those
reported by Sag et al. (13).

NKT cells have miscellaneous functions; one of which is the
antitumor function by releasing a number of antitumor cyto-
kines, including those from Th1 cells, Th2 cells, and cytotoxic
CD8� T cells. Our studies indicate that the present data show
that glioma-derived NKT cells also express IL-6; more than 90%
glioma-derived NKT cells are IL-6� IL-10�. Since IL-10 is an
immune suppressive cytokine, we tested the immune suppres-
sive function on CD8� T cell proliferation. Although the
expected suppressive effect on CD8� T cell proliferation,
blocking either IL-10 or IL-6 only partially attenuated the sup-
pressive effect, which was almost completely suppressed in the
presence of both anti-IL-6 and anti-IL-10 antibodies. Results
were supported by the data of the IL-6 and IL-10 promoter
demethylation. Others also have noted that IL-6 was involved in
the pathogenesis of glioma (14).

Cumulative reports indicate that miRs are involved in the
pathogenesis of cancer and glioma. Li et al. indicate that a core
module comprising 14 miRNAs and five pathways that can pre-
dict the survival of glioma patients and represent potential tar-
gets for glioma therapy (15). Wang et al. report that overexpres-
sion of miR-143 decreased glioma cell migration, invasion, tube
formation, and slowed tumor growth and angiogenesis and
propose that overexpression of miR-143 may be a novel remedy
in the treatment of glioma (16). Our study reveals another
aspect that miR-92a is also involved in the pathogenesis of gli-
oma by inducing IL-6� IL-10� NKT cells; the latter suppresses
antitumor cells such as cytotoxic CD8� T cells.

In summary, the present data show that there is a novel frac-
tion of IL-6� IL-10� NKT cells in glioma tissue. The glioma-
derived miR-92a is capable of inducing differentiation of the

IL-6� IL-10� NKT cells. This fraction of NKT cells shows
immune suppressive effects on CD8� T cell proliferation.
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