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Abstract

Objective: Myasthenia gravis (MG) is a chronic autoimmune neuromuscular disorder. Recent
studies report that long non-coding RNAs (IncRNAs) play vital roles in the pathogenesis of
various diseases. This study explored the molecular mechanism of IncRNA growth arrest specific
5 (GAS5S) in regulating the T helper 17 (Th17)/regulatory T (Treg) cell balance in MG.
Methods: GAS5 and miR-23a expression levels were detected by quantitative reverse transcrip-
tion polymerase chain reaction. Flow cytometry was performed to examine the proportion of
Th17 and Treg cells in CD4" T cells from MG patients. The interaction between GAS5 and
miR-23a was verified by luciferase reporter and RNA immunoprecipitation assays. Levels of Th17
and Treg-related proteins were examined using western blots and enzyme-linked immunosorbent
assays.

Results: GAS5 expression levels were significantly decreased in the CD4" T cells of MG
patients, and GAS5 overexpression restrained Th17 differentiation in CD4" T cells. Moreover,
miR-23a was confirmed as a downstream target of GAS5 and negatively regulated by GAS5
through a direct interaction. Further exploration showed that GAS5 can inhibit Th17 differen-
tiation by downregulating miR-23a.

Conclusion: Collectively, our results indicate that GAS5 can regulate the Th17/Treg balance
by targeting miR-23a expression, providing a scientific basis for clinical therapeutic development
for MG.
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Introduction

Myasthenia gravis (MG) is a common B
cell-mediated autoimmune disorder that
affects neuromuscular connections and is
primarily caused by autoantibodies against
postsynaptic acetylcholine receptor
(AChR), leading to skeletal muscle weak-
ness and fatigue.! Accumulating studies
have shown that a T helper 17 (Th17)/reg-
ulatory T (Treg) cell imbalance is involved
in the pathogenesis of autoimmune dis-
eases, including MG.*® Th17 and Treg
cells are differentiated from CD4" T
cells.* Th17 cells expressing RAR-related
orphan receptor yt (RORyt) have a vital
role in inducing autoimmune tissue injuries
and inflammation by producing cytokines,
such as interleukin (IL)-17 and tumor
necrosis factor (TNF)-o.° Treg cells
expressing forkhead box P3 (Foxp3) exhibit
an anti-inflammatory effect and maintain
tolerance to self-components by releasing
anti-inflammatory cytokines, such as
IL-10.° Therefore, it is important to under-
stand the molecular mechanisms of Thl7
cell differentiation and develop novel effec-
tive therapeutic approaches for MG.

Long non-coding RNAs (IncRNAs) are
a group of endogenous RNA molecules
greater than 200 nucleotides in length that
lack protein-coding ability.”® LncRNAs
have been identified as vital regulators in
MG in different studies. For instance,
Metastasis Associated Lung Adenocarcinoma
Transcript 1 (MALATI) exerts a protective
effect in MG by acting as a competing endog-
enous RNA (ceRNA) of miR-338-3p to
regulate  MSL2 expression.” LncRNA

IFNG-ASI can decrease Thl and promote
Treg cell proliferation in MG by regulating
HLA-DRBI1." LncRNA XLOC_003810
facilitates T cell activation and suppresses
the programmed death 1/programmed
death-ligand 1 (PD-1/PD-L1) pathway in
patients with MG-related thymoma.'
LncRNA growth arrest specific 5 (GASS),
located at chromosome 1q25, was discov-
ered in 1988 by screening overexpressed
genes in growth arrest cells.'*'? Liu et al.
indicated that GASS restrained CD4" T cell
activation in systemic lupus erythematosus
by increasing E4 promoter binding protein
(E4BP4) expression via sponging of miR-
92a-3p.'* However, the exact function of
GASS in MG remains unknown.

MicroRNAs (miRNAs) are small non-
coding RNAs that are 18 to 25 nucleotides
in length and negatively regulate gene
expression at the post-transcriptional level
by binding to the 3’ untranslated region
(3’ UTR) of particular target mRNAs.'>¢
Several studies have reported that miRNAs
play a vital role in MG pathogenesis. For
example, miR-181a reduced the proportion
of Th17 cells and increased the proportion
of Treg cells in MG by targeting IL-2."
Upregulation of miR-150-5p contributed
to the abnormal immune responses in MG
by decreasing levels of IL-17 and increasing
levels of IL-10."® In addition, miR-23a was
confirmed to be a downstream target of
GASS5 in various diseases, such as non-
small cell lung cancer,' hepatic fibrosis,*
and sepsis.”' However, whether miR-23a is
a downstream regulator of GAS in MG
needs to be further elucidated.
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In this study, we found that GASS can
regulate the Th17/Treg balance by targeting
miR-23a in MG. These discoveries could
provide a promising treatment strategy for
MG patients.

Materials and methods

Patients and CD4-+ T cell collection

Thirty patients with MG were enrolled in
this study between February 2017 and
July 2018 at The Second Affiliated
Hospital of Fujian Medical University.
Thirty sex- and age-matched healthy
donors with no history of autoimmune dis-
ease served as controls. Blood was collected
from untreated MG patients to isolate
peripheral blood mononuclear cells. The
collection and culturing of CD4" T cells
were performed following the protocol pre-
viously described.?* The purity of isolated
CD4" T cells was assessed as >95%. The
study protocols were approved by the

Ethics Committees of the Second
Affiliated Hospital of Fujian Medical
University (Quanzhou, China, January

2017) and written informed consent was
obtained from all participants.

Cell transfection

A GASS overexpression plasmid
(pcDNA3.1/GASS) and its corresponding
empty vector negative control

(pcDNA3.1), as well as a miR-23a mimic
and its negative control (NC mimic), were
purchased from GenePharma (Shanghai,
China). The fresh CD4" T cells were cul-
tured in RPMI-1640 medium with 10%
fetal bovine serum (FBS) in six-well plates
at a density of 5 x 10 cells per well. All cells
were cultured at 37°C with 5% CO,. At
24 hours after seeding, cells were trans-
fected with 100nM pcDNA3.1, 100nM
pcDNA3.1/GASS, 100 nM miR-23a
mimic, and 100nM NC mimic using

Lipofectamine 2000 (Invitrogen, Waltham,
MA, USA). After 48 hours, the transfected
cells were stimulated with phorbol PMA
(2pg/mL) and ionomycin (5pg/mL), and
then collected for subsequent experiments.

Flow cytometry

For Th17 analysis, cells were stained with a
fluorescein isothiocyanate (FITC)-labeled
anti-CD4 antibody for 30 minutes at 4°C
in the dark, fixed and permeabilized with
Fix/Perm solution (eBioscience, Hatfield,
UK) for 30 minutes at 4°C in the dark,
washed twice with ice-cold permeabilization
buffer (eBioscience), then stained with
10uL  phycoerythrin (PE)-labeled anti-
IL-17A antibody. For Treg analysis, cells
were stained with an allophycocyanin
(APC)-labeled anti-CD25 antibody and
FITC-anti-CD4 for 30 minutes at 4°C.
After being washed with 2mL of cold
flow cytometry staining buffer, the cells
were fixed and permeabilized with Fix/
Perm solution for 30 minutes at 4°C in the
dark. The cells were washed with ice-cold
permeabilization buffer twice and incubat-
ed with 5pL PE-anti-FoxP3 (eBioscience).
All antibodies were purchased from
eBioscience. Data were obtained from a
FACS Canto II flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA).
The viability of the cells was examined by
staining with propidium iodide.

Bioinformatic analysis and dual-luciferase
reporter assay

The StarBase 2.0 database (http://starbase.
sysu.edu.cn/) was used to predict the bind-
ing sites between GASS and miR-23a. Wild-
type and mutant GASS5 sequences were
subcloned into the pmirGLO vector to
establish the GASS-WT and GAS5-MUT

vectors, respectively. Then, GASS5-WT/
MUT and miR-23a/NC mimic were
co-transfected into 293T cells using
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Lipofectamine 2000 (Invitrogen). 293T cells
were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10%
FBS at 37°C with 5% CO,. After 48 hours,
luciferase activity was assessed using a dual-
luciferase reporter assay system (Promega
Corporation, Madison, WI, USA).

Quantitative reverse transcription
polymerase chain reaction
(RT-gPCR) assays

Total RNA was isolated from CD4" T cells
using TRIzol® reagent (Invitrogen) and
reverse transcribed into cDNA using
ReadyScript® c¢DNA  Synthesis Mix
(Sigma-Aldrich, St. Louis, MO, USA).
Then, RT-qPCR was performed using a
SYBR Green Kit (Applied Biosystems,
Waltham, MA, USA) on the ABI 7500
Real-time PCR system (Applied
Biosystems). The relative expression levels
of GASS were normalized to GAPDH and
miR-23a levels were normalized to U6 using
the 274 method.*® The following primer
sequences were used: GASS5 forward, 5-
CTTCTGGGCTCAAGTGATCCT-3 and
reverse, - TTGTGCCATGAGACTCCAT
CAG-3; miR-23a forward, 5-TAGCTTA
TCAGACTGA-3" and reverse, 5-CTGG
AGCAGCACAGCCAATA-3; GAPDH
forward, 5-GTCAACGGATTTGGTCTG
TATT-3" and reverse, 5~ AGTCTTCTGG
GTGGCAGTGAT-3'; U6 forward, 5-GC
TTCGGCAGCACATAT ACTAAAAT-3
and reverse, 5-CGCTTCACGAATTTGC
GTGTCAT-3.

Enzyme-linked immunosorbent
assays (ELISAs)

The levels of inflammatory cytokines 1L-17
and IL-10 were examined with commercial-
ly available ELISA kits (eBioscience) fol-
lowing the manufacturer’s protocols.

Western blot analysis

Total protein was extracted from CD4" T
cells using RIPA buffer (Invitrogen).
Protein samples (20pg) were separated
using 10% SDS-PAGE and transferred to
a PVDF membrane (EMD Millipore,
Burlington, MA, USA). The membranes
were blocked with 5% skim milk diluted
in 0.1% TBST, and incubated with primary
antibodies against RORyt (1:1000, 14-6981-
82, eBioscience), Foxp3 (1:1000, ab20034,
Abcam, Cambridge, UK), and GAPDH
(1:1000, ab8245, Abcam) at 4°C overnight.
Next, the membranes were incubated
with appropriate secondary antibodies for
1 hour at room temperature. Then, the
bands were evaluated with the enhanced
chemiluminescence (ECL) Kit (Sigma-
Aldrich).

RNA immunoprecipitation (RIP)

The Magna RIP RNA-Binding Protein RIP
Kit (Millipore) was used to perform RIP
assays. Cells were lysed and incubated
with magnetic beads (Millipore) conjugated
with anti-Ago2 and IgG antibodies
(Millipore). The immunoprecipitated RNA
was used for PCR analysis following the
previously described methods.

Statistical analysis

All experiments were performed in tripli-
cate. Data are represented as mean+
standard deviation (SD). Statistical analysis
was performed using SPSS 22.0 software
(IBM Corp., Armonk, NY, USA). The
Shapiro-Wilk test was used to evaluate
the normality of the distribution. The nor-
mally distributed data were analyzed by
Student’s t-tests, while non-normally dis-
tributed data were evaluated by Kruskal-
Wallis tests. Comparisons among multiple
groups were performed by one-way analysis
of variance (ANOVA). P<0.05 was con-
sidered statistically significant.
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Results

GAS5 and miR-23a expression in CD4™
T cells of MG patients

The clinical characteristics of MG patients
are presented in Table 1. Initially, we
explored the expression levels of GASS
and miR-23a in CD4" T cells from healthy
controls and MG patients. RT-qPCR anal-
ysis showed that GASS5 expression levels
were reduced, while miR-23a levels were
enhanced, in the CD4" T cells of the MG

group relative to the controls (P <0.05,
Figure la and b).

Upregulation of GASS inhibits Th17 cell
differentiation

To explore whether GASS5 is involved
in Th17 cell differentiation in MG, CD4"
T cells were transfected with pcDNA3.1
and pcDNA3.1/GASS5. As shown in
Figure 2a, GASS expression was signifi-
cantly (P<0.01) upregulated in CD4" T

cells  transfected with the GASS

Table I. Characteristics of patients with myasthenia gravis (MG).

Degree of thymic  MGFA score Corticoid  Cholinesterase  Anti-AChR
Patient ID  Age  hyperplasia at thymectomy  treatment inhibitors titer (nmol/L)
MGI 33 NS NS No No 2.48
MG2 27 Low II'b No Yes 1.67
MG3 39 Low II'b No Yes 1.82
MG4 19 High II'b No Yes >100
MG5 35 High NS No Yes 233
MGé6 25 Low II'b No Yes 2.31
MG7 26 High II'b No Yes 5.7
MG8 34 Low II'b No Yes 1.04
MG9 32 NS b No Yes NS
MGI0 37 High NS No Yes 5.82
MGI | 27 Low II'b No Yes 1.64
MGI2 33 Low NS No Yes 12.3
MGI3 28 Low NS No Yes 117.8
MGI4 19 NS NS No No >100
MGI5 33 Low NS No Yes 1.82
MGlé6 21 High NS No Yes 29.1
MGI7 36 NS NS No No >100
MGI8 32 Low NS No Yes 1.2
MGI9 31 Low NS No No 4.8
MG20 20 Low NS No Yes 22
MG21 29 Low NS No Yes 117.9
MG22 31 High b No Yes 65.8
MG23 38 Low Il'a No Yes >100
MG24 20 High NS No Yes 10.9
MG25 35 High NS No Yes 8.1
MG26 27 Low NS No Yes 12.5
MG27 32 Low NS No Yes 7.1
MG28 36 Low II'b No Yes 48.1
MG29 23 Low Il'a No Yes 1.6
MG30 26 NS NS No No >100

MGFA, Myasthenia Gravis Foundation of America; AChR, acetylcholine receptor; NS, not specified.



Journal of International Medical Research

(@)
c 2.04
Re) *
w
7]
g 1.5+ P
) o *
"ayee
Tp] L[] 900
g 1.0 —:tfo—
L ] L ]
) Covgee .
® L] LT Py
2 0.5-
© ul
& a
0.0 T T
Control MG

(b) "
5 37 .
g Hgy® _am
| | |
& YL
X - u
v 29
© n
o |
E 13 o] ®
o
= ®
= ™
©
Control MG

Figure |. Expression levels of growth arrest specific 5 (GAS5) and miR-23a in CD4+ T cells of myasthenia
gravis (MG) patients. (a and b) The expression levels of GAS5 and miR-23a were examined in CD4™ T cells
of MG patients (n = 30) and healthy controls (n=30) by RT-qPCR. *P < 0.05.

overexpression plasmid. Flow cytometry
analysis indicated that the addition of
GASS reduced the Th17 cell percentage in
CD4" T cells, but increased the proportion
of Treg cells (P<0.01, Figure 2b).
Moreover, western blot analyses indicated
that GASS5 overexpression inhibited Th17-
associated molecule RORYyt protein levels,
while the protein expression of Treg-specific
Foxp3 was promoted (P < 0.01, Figure 2c¢).
In addition, ELISA results suggested that
Thl7-associated cytokine IL-17 production
was decreased following GASS overexpres-
sion (P <0.01, Figure 2d). However, Treg-
associated cytokine IL-10 production was
enhanced (P <0.01, Figure 2¢). These data
indicate that upregulating GASS5 expression
can reduce the proportion of Th17 cells in
the CD4" T cells of MG patients.

miR-23a is a downstream target of GAS5

Subsequently, we verified the miR-23a
binding sites within the GASS sequence
using StarBase (Figure 3a). Luciferase
reporter assays revealed that miR-23a
transfection attenuated the luciferase activ-
ity of GAS5-WT, but not that of GAS5-
MUT (P<0.01, Figure 3b). Additionally,
RIP assay results demonstrated that

GAS5 and miR-23a expression were
enriched in the anti-Ago2  group
(P<0.001, Figure 3c). Analysis with RT-
gPCR uncovered that miR-23a expression
was significantly decreased following GASS
overexpression (P <0.01, Figure 3d).
Moreover, miR-23a expression levels were
negatively correlated with GASS expression
levels in MG (Figure 3e). Overall, the
abovementioned data suggest that GASS5
negatively regulates miR-23a expression
by direct interaction.

GAS5 attenuates Thl7 differentiation by
reducing miR-23a expression

To investigate whether GASS can regulate
the Th17/Treg balance through miR-23a,
CD4" T cells were transfected
with pcDNA3.1, pcDNA3.1/GASS5, or
pcDNA3.1/GASS +miR-23a mimic. Flow
cytometry results suggested that the sup-
pressive effect of GASS overexpression on
the percentage of Thl17 cells was rescued
by miR-23a mimic transfection in CD4"
T cells (*P<0.05, **P<0.01, Figure 4a).
Moreover, the upregulation of GASS
decreased the protein expression levels of
RORyt and IL-17, while co-transfection of
pcDNA3.1/GASS5 and the miR-23a mimic
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Figure 2. Growth arrest specific 5 (GAS5) overexpression inhibits Th17 cell differentiation. (a) RT-qPCR
analysis showing GAS5 expression levels in CD4" T cells transfected with pcDNA3.1 or pcDNA3.1/GAS5.
(b) Flow cytometry was used to detect the percentage of ThI7 cells and Treg cells in CD4™ T cells
transfected with pcDNA3.| or pcDNA3.I/GASS. (c) The protein levels of RAR-related orphan receptor yt
(RORyt) and forkhead box P3 (Foxp3) were detected by western blot in CD4" T cells transfected with
pcDNAZ3.I or pcDNA3.1/GASS. (d and e) The protein levels of interleukin (IL)-17 and IL-10 in supernatants
were measured by enzyme-linked immunosorbent assays (ELISAs). n=3; **P < 0.01.

reversed these effects (*P <0.05,
**P<0.01, Figure 4b and c). On the con-
trary, the percentage of Treg cells was
increased by GASS5 overexpression, while
miR-23a mimic transfection abrogated this
effect (*P <0.05, **P<0.01, Figure 4d).
Additionally, the miR-23a mimic neutral-
ized the promoting effects of GASS over-
expression on protein levels of Foxp3 and
IL-17 (*P < 0.05, **P <0.01, Figure 4e and
f). Collectively, these results reveal that
GASS5 inhibits Th17 differentiation by tar-
geting miR-23a.

Discussion

With the development of second-generation
sequencing methods, a large number of
genes or non-protein-coding transcripts,
such as IncRNAs and miRNAs, have been
identified in MG that could possibly serve
as biomarkers to assist with diagnosing or
treating  this disease.>**> Here, we

investigated the molecular mechanism of
GASS in MG pathogenesis.

Accumulating studies have demonstrat-
ed that IncRNAs participate in various
physiological processes, such as cell viabili-
ty, cell differentiation, and immune
responses.”®?” GAS5 has been widely
reported to participate in the development
of diverse diseases. For example, GASS5 can
suppress the progression of diabetic
nephropathy via the miR-221/sirtuin 1
(SIRT1) axis.®® Knockdown of GAS5
inhibited atherosclerosis progression by
reducing enhancer of zeste homolog 2
(EZH2)-mediated transcription of ATP
binding cassette subfamily A member 1
(ABCA1).?’ In addition, Chi et al. revealed
that GASS can regulate the Th17/Treg bal-
ance by sponging miR-217 and regulating
signal transducer and activator of transcrip-
tion 5 (STATS) expression in childhood
pneumonia.’® GASS inhibited Th17 differ-
entiation and alleviated immune
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Figure 3. miR-23a is a downstream target of growth arrest specific 5 (GASS5). (a) The putative binding
sequences of GAS5 and miR-23a was predicted using StarBase. (b) Luciferase reporter assays showed the
luciferase activity of wild-type or mutant GAS5 in 293T cells transfected with miR-23a or negative control
(NC) mimic and miR-23a. (c) RNA immunoprecipitation (RIP) assays were used to analyze the interaction
between GAS5 and miR-23a. (d) qRT-PCR showed the expression levels of miR-23a in CD4" T cells
transfected with pcDNA3.1 or pcDNA3.I/GAS5. (e) Pearson correlation analysis showed the correlation
between GAS5 and miR-23a in myasthenia gravis (MG). n=3; *P < 0.01, **P < 0.001.

thrombocytopenia by decreasing STAT3
levels.>' In the current study, we showed
that GASS is downregulated in CD4" T
cells of MG. Moreover, GASS5 overexpres-
sion restrained the Th17 cell percentage in
CD4" cells and decreased Thl7-related
RORY and IL-17 protein levels.

Previous studies have indicated that cer-
tain miRNAs participate in the regulation
of the Th17/Treg balance in diverse dis-
eases. Li et al. demonstrated that miR-195
could maintain the Th17/Treg balance by
decreasing CD40 expression in non-
alcoholic fatty liver disease.> You et al.
revealed that miR-10a can mediate the

Th17/Treg balance and improve renal
injury by targeting regenerating family
member 3 alpha (REG3A) in lupus nephri-
tis.>* Wang et al. showed that miR-155 can
modulate the Th17/Treg ratio by regulating
suppressor of cytokine signaling 1 (SOCST1)
in acute pancreatitis.** In addition,
IncRNAs can act as ceRNAs by sequester-
ing specific miRNAs, then modulate the
Treg/Th17 balance in diverse diseases. For
example, IncRNA maternally expressed 3
(MEG?3) could function as a ceRNA to reg-
ulate the Treg/Thl7 balance in patients
with asthma via the miR-17/RORyt axis.*?
LncRNA HI19 suppressed Thl7 cell
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Figure 4. Growth arrest specific 5 (GAS5) attenuates Th17 differentiation by reducing miR-23a expression.
(a) Flow cytometry was used to detect the percentage of Th17 cells in CD4" T cells transfected with
pcDNA3.I, pcDNA3.1/GASS5, or pcDNA3.1/GAS5-+miR-23a mimic. (b and c) Western blot analysis and
enzyme-linked immunosorbent assays (ELISAs) showed the protein expression levels of RAR-related orphan
receptor yt (RORyt) and interleukin (IL)-17 in CD4" T cells transfected with pcDNA3.1, pcDNA3.1/GAS5,
or pcDNA3.1/GAS5+miR-23a mimic. (d) Flow cytometry was used to detect the percentage of Treg cells in
CD4™" T cells transfected with pcDNA3. I, pcDNA3.1/GAS5, or pcDNA3.1/GAS5+miR-23a mimic. (e and f)
Western blot analysis and ELISAs showed the protein expression levels of forkhead box P3 (Foxp3) and
IL-10 in CD4" T cells transfected with pcDNA3.1, pcDNA3.1/GAS5, or pcDNA3.1/GAS5+miR-23a mimic.
n=3; *P<0.05, *P <0.0l.
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differentiation to relieve endometriosis by
acting as a ceRNA of miR-342-3p to regu-
late immediate early response 3 (IER3)
expression.” In addition, GAS5 could
also function as a ceRNA to sponge miR-
21, which promoted Thl17 cell differentia-
tion.>® Therefore, we screened the down-
stream targets of GASS. In our study,
miR-23a was confirmed as a downstream
gene of GASS that is negatively regulated
by this IncRNA. Moreover, upregulating
GASS restrained Thl7 differentiation in
CD4" T cells, while miR-23a supplementa-
tion reversed this effect. These results indi-
cate that GASS5 can suppress Thl7
differentiation by sponging miR-23a.

In conclusion, our study illustrates that
GASS expression is decreased in MG and
can inhibit Th17 differentiation by directly
targeting miR-23a. These findings may pro-
vide novel insights into the pathogenesis of
this disease.
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