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Abstract. - OBJECTIVE: A lot of mammali-
an micro-RNAs have been identified in regulat-
ing immune system function. Here, the aim of
this study was to investigate the role of microR-
NA-155 in promoting anti-glioma ability and its
potential mechanism.

MATERIALS AND METHODS: In this study,
we constructed microRNA-155 knockout mouse
model and glioma mouse model. Subsequent-
ly, the progression of glioma and the accumu-
lation of CD8+ T cells were compared between
WT and miR-155-/- mice. T cells were transfect-
ed with miR-155 mimics and inhibitors, and the
proliferative and invasive activities were ana-
lyzed. At the same time, we evaluated Akt and
Stat5 signaling transduction and the expres-
sion level of FoxO3a. Finally, the regulatory
ability of FoxO3a to Akt and Stat5 signaling was
determined by changing the expression level of
FoxO3ain T cells.

RESULTS: We found significantly increased
progression of glioma in MicroRNA-155 defi-
ciency mice with reduced accumulation of CD8+
T cells in glioma. The proliferative and invasive
abilities of T cells were regulated by MicroR-
NA-155. Besides, microRNA-155 could induce
the activation of Akt and Stat5 signaling by in-
hibiting its target gene FoxO3a. Furthermore,
FoxO3a was a negative regulator of Akt and
Stat5 signaling.

CONCLUSIONS: MicroRNA-155 deficiency in
CD8+ T cells inhibited anti-tumor activity by sup-
pressing the proliferative and invasive activities
of T cells. FoxO3a was a negative regulator of
Akt and Stat5 signaling. Besides, microRNA-155
regulated the function of T cells by inhibiting the
expression of FoxO3a. Our findings might be a
new strategy for the immunotherapy of glioma.
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Introduction

Surgery combined with radiotherapy and che-
motherapy is a common treatment for glioma'.
In recent years, with the development of surgical
techniques and adjuvant therapy, the treatment
efficiency of glioma has been greatly improved.
However, the recurrence rate of brain tumor re-
mains high due to the high invasiveness of glio-
ma?. Therefore, the prognosis of glioma patients
is still not optimistic. Developing novel therapies
for glioma is of great importance for the improve-
ment of current immunotherapy.

Adoptive immune therapy has been proved to
be a promising strategy for glioma treatment**.
The theoretical basis of tumor immunotherapy is
that the immune system has the ability to reco-
gnize tumor-associated antigens and regulate the
immune system to attack tumor cells. The central
nervous system not only has complex immune
reaction conditions, but also can produce corre-
sponding immune responses. This provides a the-
oretical premise for immunotherapy of glioma. A
few studies have revealed that the accumulation
of CD8" T cells in glioma is a sign for the inhibi-
tion of tumor progression, which can repress the
migration of glioma®®. However, the number of
CD8" T cells around glioma is very small. The
recruitment of more CD8" T cells is important
for enhancing the effects of immunotherapy. The
strategies have focused on the generation of more
CD8" T cells to tumor tissues or the improvement
of CD§" T cell function.

More and more studies have suggested that
multiple micro-RNAs are involved in regulating
the immune system, including the development
and differentiation of immune cells, the release
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of inflammatory mediators, the production of B
cells antibodies, cell signaling and so on”’. For
example, miR-146a/b has been shown to nega-
tively regulate IL-6 and IL-8, all of which are
inflammatory mediators in controlling aging
and cellular senescence’. By evaluating the
expression and function of 100 unique miRNAs,
Chen et al" have found that the thymus-speci-
fic miR-181a exhibits its regulatory role in the
development of B cells and T cells. Further stu-
dies have shown that compared with DN stage
T cells and CD4" or CD8" T cells, miR-181a 1is
enriched at the CD4°CD8DP stage!?. MiR-155
plays a regulatory role in T cell differentiation
and activation, which is indispensable for im-
mune responses. MiR-155 knockout mice show
decreased IFN-y and IL-2 production, which
indicates its important role in B and T cell re-
sponses". Another team' has found that miR-
155-null mice generate fewer and smaller germi-
nal centers when compared with control mice in
response to antigenic challenge. The strong ef-
fect of miR-155 in regulating immune response
gives miR-155 the value for immune therapy in
the clinic. Studies have demonstrated that miR-
155 can enhance CD8" T antitumor activity by
increasing the response to homeostatic gamma
cytokines in lymphoreplete'. Understanding the
correlation between the role of miR-155 in CD8*
T cells and T cells’ anti-tumor effect may be of
great significance for glioma progression.

In this study, miR-155 showed its anti-cancer
activity in glioma, which might be applied in cli-
nical therapy. Then, we focused on its potential
underlying mechanism. The results indicated that
miR-155 increased the accumulation of CD8* T cel-
Is in glioma by regulating its function. Besides, we
also found that miR-155 promoted the proliferative
activity of CD8" T cells by enhancing the activity
of Akt and Stat5 signaling. Further experiments
showed that FoxO3a, the negative regulator of Akt
and Stat5 signaling, was the target gene of miR-
155. Altogether, this study identified miR-155 as an
immune therapy target for glioma. In addition, the
potential underlying mechanism was clarified.

Materials and Methods

Experimental Mice

Mice containing a LoxP-flanked miR-155 and
C57BL/6 background B6.C-Tg (CMV-cre)lCgn/J
mice were purchased from Jackson Laboratory.
The miR-155 deficient mice were generated by

crossbreeding. C57BL/6 mice aged between §-10
weeks were obtained from Shanghai Laboratory
Animal Center, and were used for all the experi-
ments. Real-time PCR was applied to evaluate the
expression level of miR-155 in miR-155 knockout
and wild-type mice. All experimental protocols
were approved by the Institutional Animal Care.
Animal experiments were performed in accor-
dance with the Guidelines for the Care and Use of
Laboratory Animals. All mice were maintained
in pathogen-free housing. This study was appro-
ved by the Animal Ethics Committee of Nanjing
Medical University Animal Center.

Cell Lines and Tumor Implantation
Murine GL261 glioma cells were purchased
from the American Type Culture Collection
(ATCC) (Manassas, VA, USA). Cells were cul-
tured in Dulbecco’s Modified Eagle Medium/
F12 (DMEM/F12) supplemented with 10% fetal
bovine serum (FBS) (Gibco, Grand Island, NY,
USA), HEPES, penicillin and streptomycin (Gib-
co, Grand Island, NY, USA). Wild-type and miR-
155 knockout C57BL/6 mice were anesthetized
for tumor implantation. A total of 3*10° GL261
glioma cells were injected into the right striatum
as reported's. By using a 10 uL Hamilton syringe,
the cells were directly injected to the position of 1
mm posterior to the bregma, 2 mm lateral to the
midline and 3 mm deep into the frontal lobes.

Tumor Volume Analysis

Brain tissues of wild-type and miR-155
knockout mice were isolated three weeks after
GL261 injection. Before isolation and morpholo-
gical evaluation, these mice were performed with
cardiac perfusion and fixed in 4% buffered for-
maldehyde. After cutting in a cryostat, the slides
of coronal brain were stained with hematoxylin
and eosin. All the slides were examined on Olym-
pus. Image J software was used to collect every
1 pm slide for tumor volume analysis. Finally,
the total volume of glioma was calculated by the
number of slides and the area of each slide.

RNA Isolation and Real Time-Polymerase
Chain Reaction (RT-PCR)

After cell transfection for 24 h, T Cells were
collected by centrifugation, and the supernatant
was discarded for RNA isolation. Total RNA was
extracted by TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) according to the operation instructions.
Subsequently, extracted RNA was quantified and
purified by ultraviolet spectrophotometer. The in-
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tegrity of RNA was identified by 0.8% agarose gel
electrophoresis. Then, 1 pg of total RNA was re-
versed by the ABI reverse transcriptional kit (Ap-
plied Biosystems, Foster City, CA, USA) according
to the manufacturer’s instruction. The reverse tran-
scription reaction procedure was as follows: 25°C
for 10 minutes, 37°C for 120 min, and 85°C for 5
minutes. RT-PCR amplification scheme was carri-
ed out according to the manufacturer’s instructions
of ROCH. Primer sequences used are as follows:
miR-155 forward, 5’-GTCGTATCCAGTGCAGG-
GTCCGAGG-3’; reverse, 5-TATTCGCACTG-
GATACGACCCCCTA-3’;  FoxO3a  forward,
5-GCAAGCACAGAGTTGGATGA-3’; reverse,
5-CAGGTCGTCCATGAGGTTTT-3’;U6forward,
5-ATTGGAACGATACAGAGAAGATT-3’; rever-
se, 5’-GGAACGCTTCACGAATTTG-3’; GAPDH
forward, 5~ AAGCCTGCCGGTGACTAAC-3’
reverse, 5’-GCGCCCAATACGACCAAATC-3".

Western Blot

48 h after transfection, T cells were collected by
centrifugation, and the supernatant was discarded
for protein isolation. The cells were collected by
centrifugation and discarded. Cell deposition was
re-suspended in cell lysis buffer containing protea-
se inhibitors. After 5 minutes of boiling in sodium
dodecyl sulfate (SDS)-loading buffer, the upper cle-
aning fluid of the cell suspension was separated by
SDS-polyacrylamide gel. Then the proteins in the
gel were transferred onto polyvinylidene difluori-
de (PVDF) membranes (Millipore, Billerica, MA,
USA). To prevent the interactions between non-
specific protein and protein, the PVDF membrane
was blocked with Tris-Buffered Saline and Tween
20 (TBST) buffer containing 5% non-fat milk at
room temperature. The following antibodies were
diluted in TBST buffer, including FoxO3a, 1:4000;
Akt, 1:3000; p-Akt, 1:3000; Stat5, 1:4000; p-Stat5,
1:4000; B-Actin, 1:5000. Then the PVDF membra-
nes were incubated with the above primary antibo-
dies at 4°C overnight. After washing with TBST
buffer, the membranes were then incubated with the
corresponding secondary antibody with peroxidase
conjugation at room temperature for 1 hour. Final-
ly, enhanced chemiluminescence (ECL) solution
(Thermo Fisher Scientific, Waltham, MA, USA)
was prepared in the dark, and the exposure time was
measured according to the fluorescence intensity.

Luciferase Reporter Gene Assay
Fox(O3a-3’UTR DNA fragment containing pu-

tative miR-155 binding sequence was cloned into

PGL3 basic vector, namely PGL3/FoxO3a-3"U-
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TR. Besides, mutant plasmids of FoxO3a-3’UTR
were constructed by destroying the binding se-
quence of miR-155, namely PGL3/FoxO3a-3’UTR
mutant. Before transfection, T cells were seeded
into 24-well plate at a density of 1x10° cells per
well. Each transfection contained vector DNA
and 1/1000 pRL-SV40 plasmid. PGL3-promoter
vector was used as a negative control. 48h after
transfection, Luciferase reporter gene assay was
performed in accordance to the manufacturer’s
instructions. This experiment was repeated three
times.

Cell Viability

After transfection with miR-155 mimics and
inhibitors, T cells were seeded into 96-well plates
at a density of 5 * 10° cells per well. After nor-
mal culture for 24h and 48h, respectively, the cells
were harvested in the culture medium. Cell proli-
ferative ability was detected by cell counting kit-8
(CCK-8) Assay Kit (Dojindo, Kumamoto, Japan).
All the procedures were performed according to
the manufacturer’s instruction. The absorbance at
the wavelength of 450 nm was detected using a
microplate reader.

Transwell Assay

The invasive ability of T cells was detected by
Matrigel transmembrane invasion assay. Transwell
chambers were coated with Matrigel (BD Bio-
sciences, Franklin Lakes, NJ, USA). T cells were
first transfected with miR-155 mimics and inhibi-
tors. 24h after transfection, T cells were harvested.
The number of cells was calculated, and the cells
were added into the upper chamber. Meanwhile,
the lower chamber was added with complete me-
dium. After incubation, cells on the upper surface
of the filter were removed by scraping with a cot-
ton swab. Invaded cells were fixed with methanol
and stained with crystal violet solution. Finally, the
number of penetrated cells was counted, and the
mean number was calculated. Five fields were ran-
domly selected for each sample.

Statistical Analysis

The experimental results were expressed as
mean value + standard deviation (SD). Student’s
t-test was used to analyze the differences betwe-
en the two groups. One-way ANOVA test was
used to compare the differences among different
groups, followed by Post-Hoc Test (Least Signifi-
cant Difference). Each experiment was repeated
at least three times. p-value less than 0.05 was
considered statistically significant.
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Results

MiR-155 Deficiency Induced Glioma
Progression

To evaluate the effect of miR-155 knock-out
on the progression of glioma, 3*10° GL261 cells
were implanted into the brain of miR-155"" and
wild-type mice (Figure 1A), respectively. The
tumor volume was compared between miR-155"
and wild-type mice after 20 days of injection. As
shown in Figure 1B, the tumor volume in miR-
155" mice was significantly larger when compa-
red with wild-type mice. This indicated that the
level of miR-155 in the microenvironment could
regulate the progression of glioma. Besides, we
also assessed the survival of glioma-bearing
mice. The results demonstrated that miR-155
had a significant impact on survival time. As
shown in Figure 1C, 1D, miR-155 knockout mice
showed a remarkably shorter survival time than
wild-type mice. These results clearly indicated
that miR-155 deficiency could induce the pro-
gression of glioma and reduce the survival time
of glioma-bearing mice.

MiR-155 Deficiency Reduced the
Accumulation of CD 8+ T Cells in Glioma

MiR-155 possessed the ability to regulate im-
mune response and T cell development. To iden-
tify the mechanism of increased progression of
glioma in miR-155 knockout mice, we analyzed
the immune cells inside and around the glioma.
After 20 days of GL261 injection, glioma was
harvested for lymphocytes isolation. Flow cyto-
metry demonstrated that most of the lymphocytes
were T cells in both GL261-bearing miR-155"" and
wild-type mice. Therefore, we accessed the class
of T cells by immunofluorescent staining. Intere-
stingly, the results showed that CD8" T cells in
miR-155"" were significantly decreased compared
with the wild-type mice. However, no marked dif-
ference was found in CD4* T cells between wild-
type and miR-155" mice. All the results were
shown in Figure 2. They suggested a decreased
accumulation of CD8" T cells to glioma induced
by miR-155 knockout might contribute to the in-
creased progression of glioma.

MiR-155 Could Regulate T Cell Function
by Regulating Proliferative and Invasive
Abilities

We then attempted to identify the regulatory
role of miR-155 in T cell function. The proliferati-
ve abilities of T cells transfected with miR-155 mi-

mics and inhibitors were evaluated by the CCKS
assay. The results showed that the proliferative abi-
lity of T cells was remarkably increased by miR-
155 mimics. Consistently, the proliferative ability
of T cells transfected with miR-155 inhibitors was
significantly decreased. These results demonstra-
ted that miR-155 could regulate the proliferative
ability of T cells, thereby promoting its accumu-
lation in glioma. All the results were shown in Fi-
gure 2. Next, we tried to identify whether miR-155
could regulate the invasive ability of T cells. The
overexpression and interference efficiencies were
confirmed by RT-PCR, and the invasive ability of
T cells was evaluated by transwell assay. The re-
sult showed that the invasive ability of T cells was
significantly increased by miR-155 overexpression.
On the contrary, the invasive ability of T cells was
markedly decreased in miR-155 knockout cells. All
the results were shown in Figure 3. These results
suggested that miR-155could regulate the invasive
ability of T cells.

FoxO3a was the Target Gene
of miR-155

To investigate the mechanism of the regulatory
role of miR-155 in T cell proliferation and inva-
sion, we searched for the target gene of miR-155
by TargetScan. The results predicted that FoxO3a
was a candidate target for miR-155. FoxO3a is a
member of the FOXO family, which is involved
in regulating various biological activities inclu-
ding proliferation. Subsequently, T cells were
transfected with miR-155 mimics and inhibitors,
and the expression level of FoxO3a was detected.
Real-Time PCR results (Figure 4A) found that the
expression level of FoxO3a was significantly de-
creased in the miR-155 mimics group. Meanwhi-
le, the mRNA level of FoxO3a was significantly
increased in the miR-155 inhibitors group (Figure
4B). To find the direct evidence for the regulation
of FoxO3a by miR-155, we constructed a Luci-
ferase plasmid containing FoxO3a gene 3’UTR
(named as PGL3/ FoxO3a-3’UTR). As shown in
Figure 4C and 4D, miR-155 mimics transfection
significantly suppressed the Luciferase activity
of PGL3/Fox0O3a-3’UTR, but had no significant
effect on PGL3/ FoxO3a-3’UTR mutant plasmid.
These results clearly displayed FoxO3a was the
direct target gene of miR-155.

FoxO3a was a Negative Regulator
of Akt and Stat5 Signaling

In this study, we demonstrated that miR-155
could induce the activation of Akt and Stat5 si-
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Figure 1. MiR-155 deficiency promoted glioma progression. WT and miR-155" mice were implanted with 3*105 GL261
cells. A, The relative expression level of miR-155 in WT and miR-155" mice was evaluated by Real-Time PCR. B, The sur-
vival duration of mice was monitored by Kaplan—Meier survival curve. Survival was analyzed by Kaplan—Meier method and
compared by log-rank Mantel-Cox test. Experiments were repeated three times, and a representative repeat was presented. C,
The tumor volume was calculated at Day 21 by Image J software. D, Representative H&E stained slices from glioma-bearing
WT and miR-155" mice at Day 21 post injection. Magnification, *40. (**p<0.01).

gnaling. Meanwhile, FoxO3a was the target gene
of miR-155. To verify whether FoxO3a regulated
the Akt and Stat5 signaling, we transfected T cel-
Is with FoxO3a overexpression plasmid and small
interference RNAs, respectively. Overexpression
and interference efficiencies were evaluated by
Western blot. The activities of Akt and Stat5 si-
gnaling were also evaluated by Western blot. As
shown in Figure SA-5E, the results suggested that
FoxO3a overexpression significantly the Akt and
Stat5 signaling. The activation of Akt and Stat5
signaling was markedly enhanced by FoxO3a
downregulation (Figure 5F-5J). Altogether,
FoxO3a was the negative regulator of Akt and
Stat5 signaling, which contributed to regulating
the function of T cells.

MiR-155 Induced Akt and Stat5 Signaling
Activation in T Cells

MiR-155 has been demonstrated to regulate
the expression of FoxO3a. Meanwhile, it negati-

vely regulated the Akt and Stat5 signaling. Sub-
sequently, we tried to investigate the regulatory
role of miR-155 on Akt and Stat5 signaling. After
transfection with miR-155 mimics and inhibitors
in T cells, the activities of Akt and Stat5 signaling
were evaluated by Western blot. The results (Fi-
gure 6A-6D) suggested that the activation of Akt
and Stat5 signaling was significantly enhanced by
miR-155 overexpression. Meanwhile, the Akt and
Stat5 signaling were inhibited by miR-155 inhibi-
tors (Figure 6E-6H). The above results suggested
that the positive regulation of miR-155 on Akt and
Stat5 signaling was mediated by FoxO3a.

Overexpression of FoxO3a in T Cells
Reversed the Activation of Akt and Stat5
Signaling Caused by MiR-155

MiR-155 played an essential role in regulating
the proliferative and invasive abilities of T cells
by activating the Akt and Stat5 signaling. At the
same time, miR-155 could negatively regulate
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Figure 2. MiR-155 deficiency reduced the accumulation of CD 8" T cells in glioma. A, Representative confocal micro-
scopy images of CD4 (green) staining with DAPI (blue) on brain sections in WT and miR-155"mice. B, Representative confo-
cal microscopy images of CD8 (green) staining with DAPI (blue) on brain sections in WT and miR-155"mice. C, Quantitation
of the density of CD4 positive cells in the tumor area was shown. D, Quantitation of the density of CD8 positive cells in the

tumor area was shown. (**p<0.01).

the expression of FoxO3a, which was a negative
regulator of Akt and Stat5 signaling. To identi-
fy whether miR-155 activated the Akt and Stat5
signaling by downregulating the expression of
FoxO3a, T cells were co-transfected with miR-
155 mimics and FoxO3a overexpression plasmids.
The overexpression of FoxO3a partially restored
the increased activity of Akt and Stat5 signaling
in T cells by miR-155 (Figure 7). Western blot
confirmed that FoxO3a over-expression plasmid
worked efficiently (Figure 7). These results sug-
gested that miR-155 activated the Akt and Stat5
signaling by inhibiting the expression FoxO3a.

Discussion

Our study proved that miR-155 deficiency si-
gnificantly promoted the progression of glioma,

suggesting the potential value of miR-155 in im-
mune therapy of glioma. Accordingly, miR-155
deficiency lost the inhibitory role in the growth
and proliferation of glioma-bearing tumor
growth, suggesting the anti-cancer effect of miR-
155. The underlying mechanism was that miR-155
could regulate the accumulation of CD8" T cells
around glioma by regulating the negative regula-
tor of Akt and Stat5 signaling.

MiR-155 is one of the most multifunctional
non-coding RNAs, which participates in regula-
ting a lot of biological functions in different cell
types'™'®. MiR-155 has been reported to regulate
the immune response in immune cells”. In this
report, miR-155 knockdown significantly reduced
the accumulation of CD8" T cells in glioma by re-
gulating the proliferative and invasive abilities of
CD8'T cells. In psoriasis, miR-155 could promote
the proliferative activity and inhibit apoptosis by
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T cells transfected with miR-155 mimics. E, Transfection efficiency of miR-155 inhibitors was evaluated by Real-Time PCR
after T cells were transfected with miR-155 inhibitors. F, CCK-8 assay results showed that the proliferation ability of JAR cells
was increased in the miR-517-5p inhibitor group compared with the control group. G, The invasive ability of T cells transfected
with miR-155 inhibitors was evaluated by transwell assay. H, The statistical analysis of invasive ability of T cells transfected

with miR-155 inhibitors. (**p<0.01).

regulating PTEN signaling?®. Besides, miR-155
is highly correlated with the progression of IgA
tubulointerstitial fibrosis, thereby involving in re-
gulating the Wnt/B-catenin signaling?’. MiR-155
has also been demonstrated to be regulated by
Toll-like receptor by MyD88 or TRIF signaling
in innate immunity, eventually promoting the
expression of tumor necrosis factor’?. According
to the results in our study, the function of CD8" T
cells was impaired in miR-155" CD8' T cells by
negatively regulating Akt and Stat5 signaling. On
the one hand, miR-155 might regulate the proli-
feration and invasive abilities of CD8" T cells by
other mechanisms. On the other hand, the other
phenotypes of miR-155"- CD8" T cells needed to
be identified in further studies.

Forkhead box O transcription factors (FOXO)
family participates in regulating cell prolifera-
tion, cell cycle and metabolism***. FoxO3a gene
is a member of the FOXO family. Low expres-
sion of FoxO3a is highly related to the develop-
ment and occurrence of various tumors by regu-
lating multiple signal transduction pathways?®.
Studies®*?” have found that FoxO3a can regulate
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genes involved in cell cycle arrest, apoptosis and
other related pathological processes, which was
further involved in these cell activities. In this
work, FoxO3a was proved as the negative regula-
tor of Akt and Stat5 signaling. Studies have also
found that Akt leads to strand in the cytometry
by phosphorylation of FoxO3a. Meanwhile, the
expression of FoxO3a is inhibited at both mRNA
and protein levels®®. With the in-depth study of
downstream signaling of FoxO3a, researchers
have found FoxO3a can regulate various target
genes by positive and negative regulatory me-
chanisms.

Activated Akt and Stat5 signaling significantly
conferred the proliferative ability of T cells, which
might result in the accumulation of CD8+ T cel-
Is in glioma. Matthew et a/* have demonstrated
that Stat5 played a vital role in governing T cell
homeostasis and B cell development. The acti-
vation of Stat5 leads to the proliferation of naive
and memory CD8+ T cells in IL7/IL-15 depen-
dent manner®. In addition to the regulating pro-
liferative activity, Stat5 and Akt signaling have
been identified in cell apoptosis by regulating the
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Figure 5. FoxO3a was the negative regulator of Akt and Stat5 signaling. 4, T cells were transfected with FoxO3a overexpres-
sion plasmid and control plasmid. The effect of FoxO3a overexpression plasmid was evaluated by Western blot. B, The protein levels
of p-Akt and Akt were evaluated by Western blot in the FoxO3a overexpression group. C, Gray analysis of the protein levels of p-Akt
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interference RNAs group. H, Gray analysis of the protein levels of p-Akt and Akt. The ratio between p-Akt and Akt was calculated.
1, The protein levels of p-STATS and STATS were evaluated by Western blot in the FoxO3a interference RNAs group. J, Gray analy-
sis of the protein levels of p-STATS and STATS. The ratio between p-STATS and STATS was calculated. (*¥p<0.01).
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Figure 6. MiR-155 induced Akt and Stat5 signaling activation in T cells. 4, The protein levels of p-Akt and Akt were
evaluated by Western blot after T cells were transfected with miR-155 mimics. B, Gray analysis of the protein levels of p-A-
kt and Akt. The ratio between p-Akt and Akt was calculated. C, The protein levels of p-STAT5 and STAT5 were evaluated
by Western blot after T cells were transfected with miR-155 mimics. D, Gray analysis of the protein levels of p-STAT5 and
STATS. The ratio between p-STAT5 and STATS was calculated. E, The protein levels of p-Akt and Akt were evaluated by
Western blot after T cells were transfected with miR-155 inhibitors. F, Gray analysis of the protein levels of p-Akt and Akt.
The ratio between p-Akt and Akt was calculated. G, The protein levels of p-STATS and STATS were evaluated by Western
blot after T cells were transfected with miR-155 inhibitors. H, Gray analysis of the protein levels of p-STATS and STATS. The
ratio between p-STATS and STATS was calculated. (¥*p<0.01).
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control. 4, The protein levels of
p-Akt and Akt in the two groups
were detected by Western blot.
B, Gray analysis of the protein
levels of p-Akt and Akt. The ra-
tio between p-Akt and Akt was
calculated. C, The protein levels
of p-STATS and STATS in the
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Western blot. D, Gray analysis
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and STATS. The ratio between
p-STATS and STATS was calcu-
lated. (**p<0.01).
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expressions of Bcl2 family members, such as Bim
and Mcl-1°°. Furthermore, the complex regulatory
mechanisms of Stat5 and Akt signaling in diffe-
rent cellular biological activities have been proved
by different studies.

Conclusions

In this work, we demonstrated that miR-155
exerted an anti-cancer effect in glioma by regu-
lating the accumulation of CD 8" T cells. FoxO3a
was a target gene of miR-155, which was a negati-
ve regulator of Akt and Stat5 signaling. Meanwhi-
le, FoxO3a regulated the function of CD 8*T cells.
Regarding the different functions of miR-155 in
regulating the immune response, the development
of the mechanism involved in immune regulation
was helpful to comprehensively evaluate its an-
ti-tumor value.

Conflict of interest
The authors declare no conflicts of interest.

Acknowledgments
This work was supported by the Nanjing Scientific and
Technological Project (201303042).

References

1) Sturp R, MasoN WP, van DEN BenT MJ, WELLER M, Fi-
SHER B, TAPHOORN MJ, BELANGER K, BRANDES AA, MA-
rosI C, BoGbAHN U, CurscHMANN J, JANZER RC, LubwiN
SK, GoruA T, ALLGEER A, LacomBe D, CAIRNCROSS JG,
EisenHAUER E, Mirivanorr RO. Radiotherapy plus
concomitant and adjuvant temozolomide for glio-
blastoma. N Engl J Med 2005; 352: 987-996.

2) Epwin NC, KHoury MN, SoHaL D, McCrae KR,
AHLUWALIA MS, KHorana AA. Recurrent venous
thromboembolism in glioblastoma. Thromb Res
2016; 137: 184-188.

3) DominGuEes P, GonzaLez-TABLAs M, OTERO A, PASCUAL
D, MiranDA D, Ruiz L, Sousa P, CiubAp J, GONCALVES
JM, Lores MC, Orra0 A, TaBErRNERO MD. Tumor in-
filtrating immune cells in gliomas and meningio-
mas. Brain Behav Immun 2016; 53: 1-15.

4) Guass R, Synowitz M. CNS macrophages and peri-
pheral myeloid cells in brain tumours. Acta Neuro-
pathol 2014; 128: 347-362.

5) QuaiL DF, Bowman RL, AkkARrl L, Quick ML, SCHUHMA-
cHER AJ, Huse JT, HoLLanp EC, Sutton JC, Jovce JA.
The tumor microenvironment underlies acquired
resistance to CSF-1R inhibition in gliomas. Scien-
ce 2016; 352: d3018.

6) Kumar V, PateL S, TcvGanov E, GaeriovicH DI. The
nature of myeloid-derived suppressor cells in the
tumor microenvironment. Trends Immunol 2016;
37:208-220.

7) Bam M, YanG X, ZumsruN EE, ZHoNG Y, ZHou J, GIN-
sBERG JP, LEYDEN Q, ZHANG J, NAGARKATTI PS, NAGAR-
katTi M. Dysregulated immune system networks in
war veterans with PTSD is an outcome of altered
miRNA expression and DNA methylation. Sci Rep
2016; 6: 31209.

8) Durek P, Norbstrom K, GAsPARONI G, SALHAB A, KRESSLER
C, pe ALMEIDA M, BassLer K, ULas T, ScHmipt F, XioNG
J, GLazar P, Kuronomos F, SINHA A, KINKLEY S, YANG X,
ARRIGONI L, AMIRABAD AD, ARDAKANI FB, FEUERBACH L,
GorkA O, EBERT P, MuLLErR F, Li N, FRISCHBUTTER S, SCHLI-
ckeisER S, CENDON C, FROHLER S, FELDER B, GAspARONI N,
ImBuscH CD, HuTTeR B, ZiPPrRiIcH G, TAUCHMANN Y, REINKE
S, WassiLew G, HorFrmANN U, RicHTER AS, SIEVERLING L,
CHANG HD, Syree U, KaLus U, EiLs J, BrRors B, MANKE
T, RULAND J, LENGAUER T, RAJEWsKY N, CHEN W/, DoNG J,
Sawitzki B, CHUNG HR, RosensTIEL P, ScHuLz MH, ScHul-
1zE JL, RADBRUCH A, WALTER J, HAMANN A, PoLansky JK.
Epigenomic profiling of human CD4(+) T cells sup-
ports a linear differentiation model and highlights
molecular regulators of memory development. Im-
munity 2016; 45: 1148-1161.

9) SHriHARI TG. Dual role of inflammatory mediators in
cancer. Ecancermedicalscience 2017; 11: 721.

10) BHAumik D, Scort GK, ScHokrrur S, PatiL CK, OriA-
Lo AV, Robier F, Lithcow GJ, Campisi J. MicroRNAs
miR-146a/b negatively modulate the senescen-
ce-associated inflammatory mediators IL-6 and
IL-8. Aging (Albany NY) 2009; 1: 402-411.

11) CHen CZ, Li L, LopisH HF, BarteL DP. MicroRNAs
modulate hematopoietic lineage differentiation.
Science 2004; 303: 83-86.

12) Neison JR, ZHenG GX, Burce CB, SHArP PA. Dyna-
mic regulation of miRNA expression in ordered
stages of cellular development. Genes Dev 2007;
21: 578-589.

13) RobriGUEZ A, ViGormo E, CLARE S, WARREN MV, Cout-
TET P, SoonD DR, vAN DonNGEN S, Grocock RJ, Das
PP, Miska EA, VETRIE D, OKKENHAUG K, ENRIGHT AJ,
DouGan G, Turner M, BrabLey A. Requirement of
bic/microRNA-155 for normal immune function.
Science 2007; 316: 608-611.

14) Thal TH, CaLapo DP, CasoLAa S, AnseL KM, Xiao C,
XUE Y, MurpHY A, FRENDEWEY D, VALENZUELA D, KuTtok
JL, ScHmiDT-SuPPRIAN M, RAJEWsKY N, YANCOPOULOS
G, Rao A, Rasewsky K. Regulation of the germi-
nal center response by microRNA-155. Science
2007; 316: 604-608.

15) Ui Y, Wrzesinski C, Yu Z, Hu J, Gautam S, Hawk NV,
TetForp WG, PAMER DC, FrRANCO Z, SUKUMAR M,
RoycHoupHuRrI R, CrLever D, Kiesanorr CA, SurH CD,
WALDMANN TA, RestiFo NP, Garminoni L. miR-155
augments CD8+ T-cell antitumor activity in lym-
phoreplete hosts by enhancing responsiveness to
homeostatic gammac cytokines. Proc Natl Acad
Sci U S A 2015; 112: 476-481.

16) ZHanG Y, Luo F, Li A, Qian J, Yao Z, Feng X, CHu
Y. Systemic injection of TLR1/2 agonist improves

2495



C. Qiu, J. Ma, M.-L. Wang, Q. Zhang, Y.-B. Li

17)

18)

19)

20)

21)

22)

23)

adoptive antigen-specific T cell therapy in glio-
ma-bearing mice. Clin Immunol 2014; 154: 26-36.

O’ConNELL RM, Kann D, Gieson WS, Rounp JL,
ScHoLz RL, CHaupbHurl AA, KaHN ME, Rao DS, Bal-
mimore D. MicroRNA-155 promotes autoimmune
inflammation by enhancing inflammatory T cell
development. Immunity 2010; 33: 607-619.

We RJ, ZnanG CH, Yang WZ. MiR-155 affects renal
carcinoma cell proliferation, invasion and apop-
tosis through regulating GSK-3beta/beta-catenin
signaling pathway. Eur Rev Med Pharmacol Sci
2017; 21: 5034-5041.

Krees CF, KAprrer S, PausT HJ, ScHmiDT T, BENNSTEIN
SB, PeTers A, STEGE G, BRix SR, MEYER-SCHWESINGER C,
MutLer RU, Turner JE, SteinmETZ OM, WoLF G, STAHL
RA, Panzer U. MicroRNA-155 drives TH17 immune
response and tissue injury in experimental cre-
scentic GN. J Am Soc Nephrol 2013; 24: 1955-
1965.

Xu L, LenG H, SHi X, Ji J, FuJ, Leng H. MiR-155 pro-
motes cell proliferation and inhibits apoptosis by
PTEN signaling pathway in the psoriasis. Biomed
Pharmacother 2017; 90: 524-530.

LianG S, Cal GY, DuaN ZY, Liu SW, Wu J, Lv Y, Hou
K, Li ZX, ZnanGg XG, CHeN XM. Urinary sediment
miRNAs reflect tubulointerstitial damage and the-
rapeutic response in IgA nephropathy. BMC Ne-
phrol 2017; 18: 63.

O’ConNNELL RM, Taganov KD, BoLbin MP, CHENG G,
Baimimore D. MicroRNA-155 is induced during the
macrophage inflammatory response. Proc Natl
Acad Sci U S A 2007; 104: 1604-1609.

WANG Y, ZHou Y, Graves DT. FOXO transcription
factors: their clinical significance and regulation.
Biomed Res Int 2014; 2014: 925350.

2496

24)

25)

26)

27)

28)

29)

30)

WaNG HL, Li CY, ZHANG B, Liu YD, Lu BM, Shi Z, AN
N, Znao LK, ZHanG JJ, Bao JK, WanG Y. Mangiferin
facilitates islet regeneration and beta-cell prolife-
ration through upregulation of cell cycle and be-
ta-cell regeneration regulators. Int J Mol Sci 2014;
15: 9016-9035.

Park SH, JanG KY, Kim MJ, Yoon S, Jo Y, KwoNn SM,
Kim KM, Kwon KS, Kim CY, Woo HG. Tumor sup-
pressive effect of PARP1 and FOXO3A in gastric
cancers and its clinical implications. Oncotarget
2015; 6: 44819-44831.

He L, YanG X, Cao X, Liu F, Quan M, Cao J. Casticin
induces growth suppression and cell cycle arrest
through activation of FOXO3a in hepatocellular
carcinoma. Oncol Rep 2013; 29: 103-108.

Paropy JP, CeaLLos MP, QuiroGa AD, Frances DE,
CArRNOVALE CE, Pisant GB, Awvarez ML, CarriLLo MC.
FoxO3a modulation and promotion of apoptosis
by interferon-alpha2b in rat preneoplastic liver. Li-
ver Int 2014; 34: 1566-1577.

Li M, CHiu JF, MossmaN BT, Fukacawa NK. Down-re-
gulation of manganese-superoxide dismutase
through phosphorylation of FOXO3a by Akt in
explanted vascular smooth muscle cells from old
rats. J Biol Chem 2006; 281: 40429-40439.

BurcHiLL MA, Goetz CA, Pruc M, O'NEew JJ, HARMON
IR, BENSINGER SJ, TUrRkAa LA, BReNNAN P, Jameson SC,
FarrAaR MA. Distinct effects of STAT5 activation on
CD4+ and CD8+ T cell homeostasis: development
of CD4+CD25+ regulatory T cells versus CD8+
memory T cells. J Immunol 2003; 171: 5853-5864.

SHENOY AR, KirscHNEK S, HAcker G. IL-15 regulates
Bcl-2 family members Bim and Mcl-1 through
JAK/STAT and PI3K/AKT pathways in T cells. Eur
J Immunol 2014; 44: 2500-2507.



