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and IL-17 in patients with myasthenia gravis
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Abstract miR-181c is a newly identified negative

regulator of immune cell activation. In this study, we aimed

to investigate the expression and functional role of miR-

181c in myasthenia gravis (MG). miR-181c showed sig-

nificant downregulation in peripheral blood mononuclear

cells (PBMCs) from MG patients compared with healthy

controls, with lower expression in generalized patients than

in ocular ones. MG patients also had increased serum IL-7

and IL-17 levels. Additionally, serum IL-7 level presents a

positive correlation with the serum IL-17 level. miR-181c

levels were negatively correlated with serum levels of IL-7

and IL-17 in either generalized patients or ocular patients.

A luciferase reporter assay revealed that miR-181c could

directly bind to the 30-UTR of interleukin-7. Forced ex-

pression of miR-181c led to decreased IL-7 and IL-17 re-

lease in cultured PBMCs, while depletion of miR-181c

increased the secretion of these two proinflammatory cy-

tokines. The results from our study suggested for the first

time that miR-181c was able to negatively regulate the

production of proinflammatory cytokines IL-7 and IL-17 in

MG patients, and it is a novel potential therapeutic target

for MG.
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Introduction

Myasthenia gravis (MG) is considered the classic organ-

specific, autoantibody-mediated, human autoimmune dis-

ease, and its incidence has been increasing lately. The

disorder is caused by antibodies binding to components in

the neuromuscular junction [1], impairing neuromuscular

transmission. Ptosis and diplopia are frequent onset

symptoms. Respiratory muscles can also be affected and

lead to myasthenic crisis. The pathogenesis of MG is un-

clear, but inflammatory cytokines and abnormal immune

activation have been suggested to play an important role in

MG pathogenesis [1–3].

miRNAs are small noncoding RNAs that can regulate

gene expression by binding to complementary target

mRNAs and thus inhibit their translation. miRNAs have

been identified be critical for fine-tuning many biological

processes and offer the prospect of multiple targets [4, 5].

Emerging data suggest that single miRNA species can
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profoundly alter the phenotype and outcome of immune

responses [6–8].

miR-181c is a newly identified negative regulator of

immune cell activation. For example, miR-181c was

downregulated in the process of CD4? T lymphocyte

cell activation [9]. Furthermore, miR-181c acts as a

suppressor of human PBMC CD4? T cell activation by

inhibiting the translation of IL-2 [9], a helper (Th)1-type

cytokine which plays a pathological role in experimental

autoimmune myasthenia gravis (EAMG) [10, 11].

Another study demonstrated that TNF-a, one of the most

typical proinflammatory cytokines, is also a direct target

of miR-181c, and ectopic expression of miR-181c could

alleviate microglia-mediated neuronal apoptosis by sup-

pressing TNF-a production [12]. Thus, miR-181c may

function as a novel regulator in the inflammatory re-

sponse. However, its possible role in MG has not been

determined yet. Thus, in the present study, we investi-

gated the possible pathogenic role of miR-181c and its

mechanisms in MG.

Materials and methods

Study population

Twenty-two patients with MG were enrolled in this study

from the Department of Neurology at Affiliated Hospital

of Xuzhou Medical College. The diagnosis of MG was

made based on the following criteria: typical history and

signs of fluctuating weakness of voluntary muscles,

presence of serum antiacetylcholine receptor antibodies

(AchR Ab), definite clinical improvement on injection of

the cholinesterase inhibitor, edrophonium, and decre-

mental pattern on repetitive nerve stimulation [13]. The

patients were ranked according to the classification of

MG (Osserman) [14]. All patients were classified into

one of two groups: ocular MG (12 patients) or gener-

alized MG (10 patients). All patients were seropositive

for anti-AchR antibodies. Thymic abnormalities were

found in five patients (three had a thymoma and had

undergone a thymectomy, and the other two had hyper-

plastic thymus diagnosed by computed tomography). The

patients did not have other autoimmune diseases, ongo-

ing infection, and malignancies. None of the patients had

received any immunomodulatory drugs within the past

3 months. The control group consisted of 20 healthy

subjects with no inflammatory diseases. Our study re-

ceived prior approval by local ethic committee, and in-

formed consent was obtained from each subject. The

details of the MG patients are summarized in Table 1.

PBMC isolation

About 15 ml of venous blood from each subject was col-

lected into heparinized vacuum tubes. After centrifugation

at 3000 rpm for 15 min, the PBMCs were isolated by Fi-

coll gradient separation with lymphocyte isolation agent

(Beijing Solarbio Science and Technology Co., Ltd.).

Serum samples were obtained and stored at -80 �C.

miR-181c real-time quantitative RT-PCR

Total RNA from PBMCs of MG patients and the controls

was extracted using TRIzol (Invitrogen, USA), and then

total RNA was reverse-transcribed to cDNA by using

MMLV reverse transcriptase (Epicentre) and looped an-

tisense primer mix. The expression levels of miR-181c

were quantified using the stem-loop miRNA qRT-PCR

Primer Set (Shanghai Integrated Biotech Solutions,

Shanghai, China) according to the manufacturer’s instruc-

tions. Quantitative real-time PCRs were performed using

an Applied Biosystems 7900 Fast Real-Time PCR system

with an SYBR Green kit (Shanghai Integrated Biotech

Solutions, Shanghai, China). Real-time PCR cycle condi-

tions included the following steps: miR-181c, denaturation

at 95 �C for 3 min, followed by 45 cycles of denaturation

at 95 �C for 15 s, annealing at 60 �C for 40 s, and exten-

sion at 72 �C for 25 s. To normalize the expression levels

of target miRNAs, U6 was used as reference. The relative

amounts of miR-181c were calculated using the com-

parative Ctð2�DDCtÞ method. hsa-miR-181c sense: 50 AAC
ATTCAACCTGTCGGTGAGT 30; hsa-miR-181c antisense:

50 GCAACATTCAACCTGTCGGTG 30; U6 snRNA sense:

50 ATTGGAACGATACAGAGAAGATT 30; U6 snRNA

antisense: 50 GGAACGCTTCACGAATTTG 30.

Bioinformatic analysis

miR-181c target genes were computationally evaluated

using common prediction algorithms provided at TargetS-

can, miRanda, and miRWalk software searching for con-

served sites that matched the seed region of the microRNA,

obtained from miRBase database. NCBI and UTRdb gen-

ome browsers provided information of human IL-7 gene

(NM_000880.3).

miRNA mimics, inhibitor, and plasmids

Both human miR-181c mimics and its control, and human

miR-181c inhibitor and its control were synthesized by

Shanghai Integrated Biotech Solutions Co., Ltd. The 30-
UTR segments of human IL-7 mRNA (GenBank accession
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number NM_000880.3) containing the putative miR-181c

binding sequence were inserted into the PmeI and NotI

sites of psiCHECK2 vector (Promega, USA), downstream

of the stop codon of the firefly luciferase reporter gene. The

mutation on miR-181c binding sites in human IL-7 30-
UTRs was generated using the Quick Change XL Site-

Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA).

The mutant had seven consecutive base pairs replaced at

the 30 region of the site. Wild-type and mutant inserts were

confirmed by sequencing.

Luciferase reporter assay

HEK293 cells (1.5 9 105) in 24-well plates were cotrans-

fected with 200 ng firefly luciferase reporter vector con-

taining the target site (psiCHECK2-IL-7 30-UTR or

psiCHECK2-IL-7 30-UTR-mut), miR-181c mimics

(50 nM) or miR-181c mimic negative control (50 nM)

using Lipofectamine 2000 (Invitrogen). The cells were

harvested for luciferase assays 48 h after transfection. The

Dual Luciferase Reporter Assay System (Promega) was

used to measure the reporter activity according to the

manufacturer’s protocol.

PBMC isolation, culture, and transfection

PBMCs were isolated as described above. After being

washed twice in phosphate buffered saline (PBS), PBMCs

were suspended in RPMI 1640 supplemented with 5 % calf

bovine serum (CBS, Life Technologies, Inc.) and 1 %

penicillin–streptomycin (Life Technologies, Inc.). The cell

suspension was adjusted to a concentration of 2 9 105

cells/ml and cultured for 24 h in a 24-well plastic culture

plate in a final volume of 1 ml at 37 �C in 5 % CO 2/95 %

air. Subsequently, the PBMCs were transfected with miR-

181c mimic or scramble negative control, and miR-181c

inhibitor or scramble negative control using HiPerFect

Transfection Reagent (QIAGEN, Germany) according to

the manufacturer’s instructions. To determine the trans-

fection efficiency, PBMCs cultured for 48 h were used to

detect the miR-181c expression by real-time PCR. After

48 h of transfection, the supernatants were collected for

further analysis of the proinflammatory cytokines IL-7 and

IL-17.

Cytokine measurement by enzyme-linked

immunosorbent assay (ELISA)

IL-7 and IL-17 levels of serum and cultured supernatants

were measured with ELISA kits (eBioscience, USA) ac-

cording to the manufacturer’s instructions.

Statistical analysis

Data are expressed as mean ± SD. Differences between

two groups were determined by the two-tailed Student’s

t test, and multiple comparisons were determined by the

ANOVA. Serum IL-7 and IL-17 levels, PBMC miR-181c

and serum IL-7 levels, and PBMC miR-181c and serum

IL-17 levels were correlated by parametric Pearson corre-

lation analysis. p values\0.05 were considered statistically

significant.

Results

Expression of miR-181c was significantly

downregulated in MG patients

To explore the role of miR-181c in the pathogenesis of

MG, we separated the PBMCs from the patients and

healthy controls, and real-time quantitative RT-PCR was

used to detect the expression of miR-181c. As shown in

Fig. 1, expression of miR-181c in generalized MG or

ocular MG patients was significantly lower than in healthy

controls (p\ 0.001). Furthermore, in two types of patients

with MG, the expression levels of miR-181c were also

different. There is a significant decrease in PBMC miR-

181c levels from patients with generalized MG compared

to patients with ocular MG (p\ 0.05).

Table 1 General information of study subjects

Information MG patients Ocular MG Generalized MG (IIa and IIb) HCs

Number of cases 22 12 10 20

Age (years) 50.86 ± 15.68 47.58 ± 16.90 54.80 ± 13.89 51.30 ± 12.86

Female/male 11/11 5/7 6/4 11/9

Thymoma (undergone thymectomy) 3 3/1 3/2 –

Thymoma/thymic hyperplasia 2 2/1 2/1 –

MG myasthenia gravis, HCs healthy controls

The age between two groups (MG/HCs) had no significant differences (p[ 0.05), and the group ratios were not significantly different (p[ 0.05)

Clin Exp Med (2016) 16:413–421 415

123



Interleukin-7 is a direct target of miR-181c

miRNAs exert their function by posttranscriptional

regulation of protein-coding mRNAs. To get an insight into

the functions of miR-181c, we predicted its target mRNAs

using computational algorithms based on a systematic

analysis of the structural requirements for target site

function (Targetscan, miRanda, and miRWalk; Fig. 2a).

One of the targets predicted by three algorithms was IL-7, a

key cytokine for T cell development and survival [15]. The

30-UTR of the IL-7 transcript contains an evolutionarily

conserved binding site for miR-181c (Fig. 2a). The IL-7 30-
UTR containing a wild-type or mutated binding site for

miR-181c was cloned into luciferase reporter constructs to

experimentally verify the IL-7 transcript as a target of miR-

181c. Using a luciferase reporter assay, we found that wild-

type IL-7 30-UTR luciferase activity was significantly

(p\ 0.01) suppressed by cotransfected miR-181c mimics

in comparison with nontargeting miRNA (Fig. 2b). More-

over, significantly (p\ 0.01) lower luciferase activity was

detected in the cells transfected by the wild-type IL-7

construct relative to the constructs containing the mutated

miR-181c seed region (Fig. 2b), indicating that the IL-7

transcript is a direct target of miR-181c.

Serum levels of IL-7 and IL-17 were significantly

increased in patients with MG

Considering that miR-181c was downregulated in MG

PBMCs and IL-7 is a target for miR-181c, we analyzed

IL-7 concentration in serum from MG patients. Recent

research indicated that IL-7 drives Th17 cytokine produc-

tion [16], and we also analyzed IL-17 concentration in

serum from MG patients. As shown in Fig. 3a, b, the levels

of IL-7 and IL-17 were significantly higher in GMG pa-

tients (175.7 ± 23.86 pg/ml; 24.11 ± 5.21 pg/ml) and

OMG (134.12 ± 19.02; 17.03 ± 3.18) patients than in

healthy controls (77.48 ± 17.93 pg/ml; 9.04 ± 1.89 pg/ml).

Furthermore, the levels of IL-7 and IL-17 were significantly

Fig. 1 Expression level of miR-181c in PBMCs. miR-181c was

recently identified to be important regulators of inflammatory

responses, especially in the mammalian immune system. To confirm

the roles of miR-181c in myasthenia gravis (MG), we detected the

expression of miR-181c in separated PBMCs from MG patients and

the healthy donors. Our results demonstrated that miR-181c was

significantly downregulated in generalized MG or ocular MG patients

than in normal controls (p\ 0.001), with lower expression in

generalized patients than in ocular ones (p\ 0.05). Data are

representative of three independent experiments with similar results

and represent mean ± SD

Fig. 2 miR-181c targets IL-7

for translational suppression.

a Seed match and sequence

alignment of IL-7 30-UTR and

miR-181c. Gray boxes indicate

evolutionary conservation of

miR-181c target site. The

underlined part indicates

positions of nucleotide

mismatches introduced to the

miR-181c binding site. b 30-
UTR luciferase reporter assay

with wild-type (WT) or mutated

IL-7 30-UTR or no 30-UTR
(empty vector) cotransfected

with miR-181c mimics or

nontargeting miRNA (control).

Relative luciferase activity for

three separate transfections is

shown. **p\ 0.01, n.s. not

significant
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higher in GMG patients than in OMG patients. Importantly,

we observed a significant positive correlation between

serum IL-7 and IL-17 levels (r = 0.682 Pearson’s corre-

lation, p\ 0.001) in the whole cohort of patients with MG

(Fig. 3c).

Correlation between miR-181c and IL-7

and correlation between miR-181c and IL-17 in MG

patients

To comprehend the relationship between miR-181c and

IL-7, and the relationship between miR-181c and IL-17,

the correlation between the PBMC miR-181c expression

levels and serum IL-7 and IL-17 levels in MG patients

was analyzed. We observed a significant inverse corre-

lation between miR-181c and serum IL-7 levels

(r = -0.799, p\ 0.001) in the whole cohort of patients

with MG (Fig. 4a). Meantime, a significative inverse

correlation between miR-181c and serum IL-17 levels

was also found in the whole cohort of MG patients

(r = -0.751, p\ 0.001) (Fig. 4b).

Effect of miR-181c overexpression or silencing

on the cytokine response in cultured PBMCs

from patients with MG

As IL-7 and IL-17 have been found to play an important

role in immune regulation, a further in vitro study was de-

signed to examine whether the miR-181c had an effect on

the production of these two cytokines. We measured the

concentrations of IL-7 and IL-17 by ELISA in supernatants

of cultured PBMCs after miR-181c and its inhibitor treat-

ment. As shown in Fig. 5a, the miR-181 level was strongly

increased 48 h after miR-181c mimic transfection

(p\ 0.001), and it was strongly decreased 48 h after miR-

181c inhibitor transfection (p\ 0.01). The expression

levels of IL-7 and IL-17 were significantly downregulated

in PBMCs transfected with miR-181c mimics compared

Fig. 3 Serum levels of IL-7 and IL-17 were increased in patients

with MG. Considering that miR-181c was downregulated in MG

PBMCs and IL-7 is a target for miR-181c, we analyzed IL-7

concentration in serum from MG patients. Recent research indicated

that IL-7 drives Th17 cytokine production. We also analyzed IL-17

concentration in serum from MG patients. a, b The levels of IL-7 and

IL-17 were significantly higher in GMG patients (175.7 ± 23.86 pg/

ml; 24.11 ± 5.21 pg/ml) and OMG patients (134.12 ± 19.02;

17.03 ± 3.18) than in healthy controls (77.48 ± 17.93 pg/ml;

9.04 ± 1.89 pg/ml). (p\ 0.001; p\ 0.001). Furthermore, the levels

of IL-7 and IL-17 were significantly higher in GMG patients than in

OMG patients (p\ 0.001; p\ 0.001). c We observed a significant

positive correlation between serum IL-7 and IL-17 levels in all MG

patients (r = 0.682 Pearson’s correlation, p\ 0.001). Data are

representative of three independent experiments with similar results

and represent mean ± SD
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with cells transfected with miR-181c mimic negative con-

trol and blank control/HiPerFect transfection reagent con-

trol (p\ 0.001) (Fig. 5b, c), and these were significantly

upregulated in cells transfected with miR-181c inhibitor

compared with cells transfected with miR-181c inhibitor

negative control and blank control/HiPerFect transfection

reagent control (p\ 0.001) (Fig. 5b, c). Meanwhile, there

was no significant difference between cells that were

transfected with miR-181c mimic negative control, miR-

181c inhibitor negative control, and blank control.

Fig. 4 Correlation between miR-181c and IL-7 and correlation

between miR-181c and IL-17 in MG patients. a Inverse correlation

between PBMC miR-181c and serum IL-7 expression in the whole

cohort of patients with MG (r = -0.799, p\ 0.001). b Inverse

correlation between PBMC miR-181c and serum IL-17 expression in

the whole cohort of patients with MG (r = -0.751, p\ 0.001). The

correlation between the miR-181c and IL-7 and correlation between

the miR-181c and IL-17 were determined by Pearson analysis and

linear regression

Fig. 5 IL-7 and IL-17

expressions after transfection

with miR-181c mimic/inhibitor.

a Real-time PCR analysis of

miR-181c expression in MG

(n = 10) PBMCs transfected by

miR-181c mimics, miR-181c

mimic negative control (miR-

181c mimic NC), miR-181c

inhibitor, miR-181c inhibitor

negative control (miR-181c

inhibitor NC), and no miR-181c

fragments, respectively

(**p\ 0.01; ***p\ 0.001). b,
c IL-7 and IL-17 levels in

culture supernatant were

significantly downregulated

after miR-181c mimic

transfection (***p\ 0.001),

while they were significantly

upregulated after miR-181c

inhibitor transfection

(***p\ 0.001). Data are

representative of three

independent experiments with

similar results and represent

mean ± SD
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Discussion

The major findings of our study were: (1) miR-181c ex-

pression was decreased in PBMCs from MG patients; (2)

serum IL-7 and IL-17 levels were increased in MG pa-

tients; (3) miR-181c expression was negatively correlated

with serum IL-7 and IL-17 levels; and (4) knockdown of

miR-181c resulted in increased IL-7 and IL-17 release in

cultured PBMCs from MG patients, and its overexpression

led to less IL-7 and IL-17 release. Taken together, our

results indicate that miR-181c might be involved in the

pathogenesis of MG.

Abnormal miR-181c expression in PBMCs has been

reported in multiple sclerosis (MS) [17], a prototypic au-

toimmune inflammatory disorder of the central nervous

system. More importantly, miR-181c levels were found to

be significantly downregulated in cerebrospinal fluid (CSF)

of patients with secondary progressive MS (SPMS) com-

pared with those with relapsing–remitting MS (RRMS)

[18]. Toll-like receptors (TLRs) are a family of receptors

through which the innate immune system of the host rec-

ognizes the presence of invading pathogens, and inappro-

priate TLR signaling may result in the autoimmune

diseases [19]. A recent study identified an important role

for the miR-181c-TLR4 pathway in hypoxic microglial

activation and neuroinflammation. miR-181c was found to

inhibit TLR4 expression by binding to its 30-UTR, thus
inhibiting NF-kB activation and the production of down-

stream proinflammatory mediators [20]. Hence, miR-181c

is likely to be of importance in neuroimmunological

diseases.

To address the function of miR-181c that is specifically

downregulated in PBMCs from MG patients, experiments

were performed to identify the target gene for miR-181c.

Among the potential direct mRNA targets of miR-181c, a

number of targets have been identified in murine and in

human systems, such as IL-7, IL-1A, IL-1B, TNF-a, IL-25,
and IL-16. In this study, we focused on IL-7 as a target

gene of miR-181c in view of its role in promoting differ-

entiation and function of multiple effector T cell subsets,

especially IFN-c or IL-17-producing T cells [16, 21, 22].

Experiments with gene-deficient mice indicate that Th17

cells and IL-17 play a crucial role in the pathogenesis of

EAMG [23, 24]. Moreover, previous studies have shown

that serum IL-17 concentrations were higher in MG pa-

tients compared with controls and correlated with anti-

AchR antibody titers [25, 26].

In addition to supporting T cell development and

homeostasis, high concentration of IL-7 can lead to in-

creased B cell survival and antibody production in the

presence of T cells [27]. Consequently, IL-7 plays a

pathogenic role in multiple autoimmune diseases, including

rheumatoid arthritis (RA) [28, 29], inflammatory bowel

disease (IBD) [30], psoriasis [31], spondylarthritis [32],

and type 1 diabetes [33].

The 30-UTR of the IL-7 transcript contains an evolu-

tionarily conserved miR-181 binding site, and our lu-

ciferase reporter assay confirmed IL-7 as a direct target

gene of miR-181c. Next we measured IL-7 expression in

serum from MG patients and found a significantly in-

creased expression of IL-7 in MG patients compared with

healthy controls, with higher serum levels of IL-7 in gen-

eralized MG than in ocular MG. We also found that the

level of IL-7 in serum presents a positive correlation with

the expression level of IL-17 in the whole cohort of pa-

tients with MG. The positive correlation between IL-7 and

IL-17 may be partly explained by IL-7-induced significant

cell proliferation and secretion of IL-17 by PBMCs and

CD4(?) T cells [16, 34].

Correlation analysis further revealed that PBMC miR-

181c presents an obvious negative correlation with the

serum levels of both IL-7 and IL-17 in MG patients.

Generally, IL-7 is produced by stromal cells at lym-

phopoietic sites in the bone marrow, gut, spleen, thymus,

and lymph nodes [35]. However, expression of IL-7 was

recently found in PBMCs from patients with metabolic

syndrome and healthy persons [36]. In the present study,

we also detected considerable amount of IL-7 in cultured

MG PBMCs, but we only detected small amount of IL-7 in

cultured healthy control PBMCs (data not shown). To

further explore the mechanisms involved in the cytokine

regulation of miR-181c, we genetically manipulated its

expression in gain- and loss-of-function experiments to

explore whether miR-181c could influence in vitro cy-

tokine production. The result showed that knockdown of

miR-181c significantly enhanced production of IL-7 and

IL-17 in cultured MG PBMCs, while overexpression of

miR-181c resulted in a significant decrease in the expres-

sion of these two inflammatory cytokines.

It is worthwhile to point out that there are some

limitations in our study. In our present experiment condi-

tion, the specific cell types expressing miR-181c and re-

sponsible for IL-7 production in the culture system were

not investigated. In fact, unlike in normal conditions,

dendritic cells and macrophages have the ability to express

significantly high levels of IL-7 in pathological conditions

[37, 38]. Then, in the inflammatory context of MG patients,

whether miR-181c was downregulated in dendritic cells

and macrophages, leading to increased IL-7 production,

needs to be confirmed by more detailed study in the future.

Moreover, previous studies have demonstrated that down-

regulation of miR-181c in activated human PBMC CD4(?)

T lymphocytes could increase the IL-2 expression [9], and

IL-2 could induce DC activation [39]. So we speculate that
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the miR-181c-downregulated CD4? T cells from MG pa-

tients could produce more IL-2 and thus promote DC ac-

tivation and secretion of IL-7.

Overall, our results are the first demonstration that miR-

181c expression was downregulated and associated with

the severity of MG. miR-181c was able to negatively

regulate the production of proinflammatory cytokines IL-7

and IL-17. miR-181c might serve as a potential therapeutic

target in the treatment of MG and other inflammatory

diseases.
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