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Effect of miR-19a and miR-21 on the JAK/STAT signaling
pathway in the peripheral blood mononuclear cells of
patients with systemic juvenile idiopathic arthritis
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Abstract. Overexpression of the components of the Janus
kinase/signal transducer and activator of transcription
(JAK/STAT) signaling pathway are key factors of the patho-
genic mechanisms underlying systematic juvenile idiopathic
arthritis (SJIA). The present study aimed to investigate the
association between microRNA (miR)-19a, miR-21 and the
JAK/STAT signaling pathway. A total of 20 patients with SJTA
were included in the study, and peripheral blood mononuclear
cells (PBMCs) from 20 normal controls were also collected.
RNAiso was used to extract total RNA, and the RNA was
then reverse transcribed into cDNA. Primers were designed
to detect the mRNA of miR-19a and miR-21, and U6 was set
as the internal parameter. In addition, the mRNA of STAT3,
suppressor of cytokine signaling 3 (SOCS3), interleukin-6
(IL-6) and tumor necrosis factor-a (TNF-a) was detected, and
[(-actin was set as the internal parameter. Reverse transcrip-
tion-quantitative polymerase chain reaction was performed to
detect the expression levels of these proteins in patients with
SJIA and control subjects, and non-parametric tests were
used to analyze the statistical differences in 244% between
the two groups. The expression levels of miR-19a and miR-21
were significantly lower in the SJIA group compared with
the control group (P<0.05). SOCS3, TNF-a and STAT3 were
shown to be the target genes of miR-19a and miR-21, as deter-
mined by Targetscan. The expression levels of STAT3, SOCS3,
TNF-a and IL-6 mRNA were significantly higher compared
with those of the control group (P<0.05). In the PBMCs of
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sthe patients with SJIA, miR-19a and miR-21 expression levels
were lower compared with those of the control group, and the
JAK/STAT signaling pathway was activated, which indicated
that miR-19a and miR-21 may participate in the activation of
the JAK/STAT signaling pathway.

Introduction

Systematic juvenile idiopathic arthritis (SJTA) is a type of
chronic arthritis that is characterized by systematic symptoms
(high fever, rash, and enlargement of the liver, spleen and
lymph nodes) and various increased inflammatory factors,
such as C reactive proteins (CRP) and ferritin (FER) (1). SJTA
is the most severe type of juvenile idiopathic arthritis (JIA),
and can induce macrophage activation syndrome that results in
mortality (2). Different from adult rheumatoid arthritis (RA),
which presents as significant joint deformity, patients with JIA
(specifically patients with SJTA) are diagnosed according to
common symptoms and high levels inflammatory factors (3).
However, there is a current requirement for more specific
markers for the condition.

MicroRNA (miRNA) is a type of non-coding single
stranded RNA that is widespread in the body and has a regula-
tory function (4). It binds specifically to the 3'-untranslated
region of target mRNA in order to degrade or inhibit its
translation, thereby participating in many basic bioprocesses,
such as cell development, proliferation and differentiation, and
the cell cycle (4). Therefore, miRNA has an important role
in numerous diseases, including cancer, metabolic diseases,
nerve disorders and infectious and autoimmune diseases (2).
Recently, a number of studies suggested that miRNA serves
an important role in regulating chronic inflammation, in which
some miRNAs, such as miR-155 (5) and miR-146a (6), partici-
pated in the proliferation and differentiation of immune cells,
such as T and B cells, and regulated their abnormal expres-
sion in autoimmune diseases. Increased expression levels of
miR-146a partially contributes towards upregulated expression
of TNF-a; however, the mechanism underlying this increase
in expression and the site of action of miR-146a in signaling
pathways remains unclear (7). Meanwhile, it could not explain
JIA with normal TNF-a and bad efficacy of TNF-a antagonist
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to systematic arthritis, thus it was assumed that there was an
interaction of a different signaling pathway in JIA. Despite
recent random control studies suggesting that there are various
expression levels of numerous types of miRNA, including
miR-155, miR-19a, miR-203, miR-21 and miR-124a, in synovi-
oblasts, PBMC and T cells from patients with RA (7-14), the
studies did not investigate the target genes of miRNAs, which
could demonstrate the immunological dysregulation, inflam-
mation and differentiation of cells. Therefore, in the present
study, miR-19a, miR-21 and their associated target genes
involved in SJTA were used to investigate the roles of miRNA
in SJIA.

Materials and methods

Inclusion criteria. A total of 20 patients with active SJTA (fever
for >2 weeks; high fever type with or without articular pain;
liver, spleen and lymph node enlargement; increased expression
levels of FER; CRP =10 mg/l, or erythrocyte sedimentation
rate =28 ram/1 h) were diagnosed in Guangzhou Women and
Children's Medical Center (Guangdong, China) from January to
March 2015, and 20 normal control patients were recruited from
the Health Care Section of the hospital. Patients were diagnosed
and classified according to the Task-force of the Pediatric
Standing Committee of International League of Associations
for Rheumatology discussion draft (15). Patients with recur-
rent bacterial, mycoplasma, viral, fungal and mycobacterial
infections, an infection history, an active infection, or blood
diseases detected by bone marrow cytology were excluded from
the study. Baseline characteristics of the control subjects and
patients with SJIA are presented in Table I. The study protocol
was approved by the ethics committee of Guangzhou Women
and Children's Medical Center, and written-informed consent
was obtained from all subjects.

Reagents.Ficoll Paque PLUS solution and phosphate-buffered
saline (PBS) were purchased from GE Healthcare Life
Sciences (Logan, UT, USA); the RNA extraction kit (9112;
Takara Biotechnology Co., Ltd. (Dailan, China), reverse
transcription kit, RNAiso (9753A), miR-X iRNA First Strand
Synthesis kit (638315) and SYBR® Premix Ex Taq (Tli
RNaseH Plus; RR420A) kits were purchased from Takara
Biotechnology Co.,Ltd.. The primers of miR-19a, miR-21 and
U6 were synthesized by Takara Biotechnology Co., Ltd. The
primer sequences were as follows: STAT3 forward, 5'-GCC
AGAGAGCCAGGAGCA-3', and reverse, 5'-ACACAGATA
AACTTGGTCTTCAGGTATG-3"; SOCS3 forward, 5-CAG
CTCCAAGAGCGAGTACC-3', and reverse, 5-TGACGC
TGAGCGTGAAGAAG-3'; TNF-a forward, 5'-ACCCTC
ACACTCAGATCATC-3', and reverse, 5'-GAGTAGACA
AGGTACAACCC-3" IL-6 forward, 5'-AGCCAGAGTCCT
TCAGAGAG-3', and reverse, 5'-GATGGTCTTGGTCCT
TAGCC-3'"; B-actin forward, 5'-GAGCTACGAGCTGCC
TGACG-3', and reverse, 5'-GTAGTTTCGTGGATGCCA
CAG-3'. The primers were synthesized by Shenzen Huada
Gene Technology Co., Ltd. (Shenzen, China) company.

Separation of PBMCs and extraction of total RNA. Fasting
blood was drawn from the patients with SJTA and the control
subjects, and placed in 4 ml ethylenediaminetetraacetic acid.

LI et al: EFFECT OF miR-19a AND miR-21 ON SYSTEMIC JUVENILE IDIOPATHIC ARTHRITIS

Subsequently,4 ml of PBS was added in order to dilute the sample.
The same volume of Ficoll Paque PLUS solution and diluted
blood was added into 15 ml centrifuge tubes and centrifuged at
160 x g for 20 min at 18-21°C. The cell pellet was then collected
and added into pentaploid PBS, and centrifuged twice at 160 x g
for 20 min. Waste liquid was discarded, and 1 ml RNAiso and
200-300 MI chloroform (Sigma-Aldrich, St. Louis, MO, USA)
was added. The samples were incubated for 5 min at 25-28°C
and centrifuged at 12,000 x g for 15 min at 4°C. Approximately
400 ul supernatant was obtained, to which 1 ml cold isopropanol
(Sigma-Aldrich) was added, mixed reversely and incubated at
4°C for 10 min, prior to being centrifuged at 12,000 x g for
10 min at 4°C. The supernatant was then discarded, and 10 ml
75% ethanol prepared with diethylpyrocarbonate (DEPC)
(Sigma-Aldrich) water was added (ethanol:DEPC; 3:1), followed
by centrifugation at 7,500 x g for 5 min at 4°C. Finally, 20 ul
DEPC water was added to the samples, and the absorbance was
measured using a spectrophotometer (Thermo NanoDrop 2000;
Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Reverse transcription-quantitative PCR (RT-gPCR). A
PrimeScript II 1st Strand cDNA Synthesis Kit (Takara
Biotechnology Co., Ltd.) was used. RNAiso was used to
extract total RNA. A total of 3.8 ul RNA was added into
0.2 ml PCR tubes, followed by the addition of 1.2 ul mRQ
enzyme mix and 5 pl buffer. The samples were then incubated
at 37°C for 1 h, and 95°C for 5 min. Following incubation, 90 ul
ddH,O was added and the samples were stored at -20°C for
the subsequent experiments. For qPCR, 9 pl dddH20, 12.5 ul
SYBR Green, 0.5 ul upstream primers, 0.5 ul downstream
primers, ROC 50x0.5 ul and 2 ul cDNA were used, and the
samples were incubated at 95°C for 10 sec, 95°C for 5 sec, 60°C
for 20 sec, then 40 cycles at 72°C for 5 min using a Roche
LightCycler 48011 (Roche Diagnostics, Basel, Switzerland).
Each gene had three repeats. U6 was used to normalize the
expression of miRNA, and B-actin was used to normalize the
expression of STAT3, SOCS3, IL-6 and TNF-a. The ACq and
AACq values were calculated, and the relative expression levels
of mRNA, associated target genes and U6 were presented as
the 244 value (16).

Statistical analysis. Data were analyzed using SPSS
version 13.0 software (SPSS, Inc., Chicago, IL, USA), and
miR-19a and miR-21 were expressed as relative expres-
sion levels. A Kruskal-Wallis test was used for intergroup
comparisons, and a Pearson's correlation coefficient was used
to calculate the correlation between miR-19a, miR-21 and
inflammatory factors. P<0.05 was considered to indicate a
statistically significant difference.

Results

The expression levels of miR-21 and miR-19a are decreased in
patients with SJIA compared with the controls. The expression
levels of miR-21 and miR-19a were investigated in PBMCs
from active state patients with SJTA and control subjects. The
expression levels of miR-21 were lower in patients with SJTA
compared with the control group (Fig. 1), and the relative
expression levels of miR-21 in the control group were 7.7-fold
higher compared with those of the patients with SJIA (Table II;
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Table I. Baseline data of the patients with systematic juvenile idiopathic arthritis and healthy controls.

Clinical information

SJIA group (n=20) Control group (n=20)

Age (years)

Male proportion (%)

Weight (kg)

DAS28 scores

Abnormal BMD or synovitis suggested by MRI
Anti-cytokeratin antibody

Anti-cyclic citrullinated peptide antibody (U/ml x+s)
RF-IgG (U/ml x+s)

Ferritin (ng/ml, x+s)

CRP (mg/l, x+s)

ESR (mm/h, x+s)

AST median

ALT median

7.36+3.64 8.90+3.69
65 70
13.45+6.34 12.67+7.83
6.23+2.34 -
16 (80%) -
1 (12.5%) -
9.77+8.07 -
13.60£9.99 -
1079.47900.87 -
98.61£63.80 -
53.12+26.59 -
56.23 (6,74) -
47.69 (11,16) 24 (5,20)

BMD, bone marrow density; MRI, magnetic resonance imaging; RF-IGg, rheumatoid factor immunoglobulin G; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; AST, aspartate aminotransferase; ALT, alanine transaminase; SJIA, systematic juvenile idiopathic

arthritis; x+s, mean + standard deviation.

Table 1I. Expression levels of miR-21 in PBMCs of patients with SJIA and the control group (2744<9).

Group miR-21 Cq U6 Cq ACq AACq 2-8ACq
SJIA group? 25.2+1.04 18.7£1.07 6.4+0.3 0.0£0.3 1.0 (0.8-1.2)°
Control group® 24.6+0.94 21.1£1.13 3.5+0.4 -29+04 7.7 (7-8.5)°

n=20; *Z=-2.11; P=0.036. miR, microRNA, PBMC, peripheral blood mononuclear cell; SJIA, systematic juvenile idiopathic arthritis.

Table II1. Expression levels of miR-19a in PBMCs of patients with SJIA and the control group (2"449),

Group miR-19a Cq U6 Cq ACq AACq 2-AAC
SJTA group* 28.0+0.71 15.7+£1.78 12.3+1.1 0.0+1.1 1.0 (0.9-1.3)°
Control group® 29.9+0.69 21.1+£1.08 8.8+0.91 -3.5+0.91 11.3 (10-12.1)°

n=20; *Z=-2.41, P=0.014. miR, microRNA, PBMC, peripheral blood mononuclear cell; SJTA, systematic juvenile idiopathic arthritis.

P=0.036). In addition, the expression levels of miR-19a were
lower in patients with SJTA compared with the control group
(Fig. 2), and the relative expression levels of miR-19a in the
control group were 11.3-fold higher compared with those of
the patients with SJIA (Table I1I; P=0.014).

The mRNA expression levels of STAT3, TNF-a, IL-6 and SOCS3
are higher in patients with SJIA compared with the controls. The
mRNA expression levels of STAT3, TNF-a, IL-6 and SOCS3
were expressed in the peripheral blood of patients with SJTA.
The relative expression levels of STAT3 (Fig. 3), TNF-a (Fig. 4),
IL-6 (Fig. 5) and SOCS3 (Fig. 6) mRNA were higher in patients
with SJTA compared with the control group. In addition, the
expression levels of STAT3 mRNA were negatively correlated
with miR-21 224 (Fig. 7, r=-0.5854; P=0.0067); this suggests

that miR-21 may participate in the regulation of the expression
of STAT3. TNF-a is the target gene of miR-21 (17); therefore,
the expression of miR-21 may be related to TNF-a. However,
no correlation was observed in the results of the present study
(r=2.138; P=0.43). STAT3 can improve the expression of
TNF-a mRNA, and this may restrict the negative regulation of
miR-21. The expression levels of TNF-a (Fig. 8) and SOCS3
(Fig. 9) mRNA were negatively correlated with miR-19a 2-44%
(r=0.6642; P=0.0014 and r=-0.7903; P=0.001, respectively).

Discussion
Continuous or overexpression of the components of the

JAK/STAT signaling pathway are the primary factors involved
in the pathogenic mechanism underlying SJTA (18). IL-6 binds
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Figure 1. Expression levels of microRNA-21 in the SJIA and control group.
“P<0.05 vs. the control group. SJTA, systemic juvenile idiopathic arthritis.
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Figure 2. Expression levels of microRNA-19a in the SJIA and control group.
“P<0.05 vs. the control group. SJTA, systemic juvenile idiopathic arthritis.
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Figure 3. Expression levels of STAT3 in the SJIA and control group. "P<0.05
vs. the control group. STAT3, signal transducer and activator of transcrip-
tion 3; SJIA, systemic juvenile idiopathic arthritis.

to the JAK receptor which results in the phosphorylation of
STAT?3,leading to the transcription of associated inflammatory
genes, induced by downstream genes (18). Activated STAT3
is able to promote the differentiation of T-helper (Th)17 cells,
induce high levels of receptor activator of nuclear factor-xB
ligand protein expression in synovioblasts (19), and stimulate
the production of inflammatory cytokines, including TNF-a,
IL-1 and IL-6 (20). In addition, activated STAT3 is able to
induce osteoclast formation and promote joint destruction (21).

The results from the present study suggest that STAT3 is
expressed at high levels in patients with SJIA. miR-21 expres-
sion is upregulated in the majority of tumors, and may induce
the transcription of STAT3 (22). Recently, numerous studies
have suggested that miR21 participates in the development
of inflammation, and is associated with the maturation and
differentiation of T cells (23-26). miR-21 serves an important
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Figure 4. Expression levels of TNF-a. in the SJTA and control group. "P<0.05
vs. the control group. TNF-a, tumor necrosis factor-a; SJTA, systemic juve-
nile idiopathic arthritis.
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Figure 5. Expression levels of IL-6 in the SJIA and control group. 'P<0.05
vs. the control group. IL-6, interleukin-6; SJITA, systemic juvenile idiopathic
arthritis.
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Figure 6. Expression levels of SOCS3 in the SJTA and control group. "P<0.05
vs. the control group. SOCS3, suppressor of cytokine signaling 3; SJIA, sys-
temic juvenile idiopathic arthritis.
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Figure 7. Correlation between STAT3 mRNA and the 224% value of
miR-21. STAT3, signal transducer and activator of transcription 3;
miR-21, microRNA-21.

regulatory role in the interaction of Thl and Th2 cells. A
previous study demonstrated that the secretion of IL-12, IFN-a
and IL-4 was decreased in murine Th cells lacking miR-21
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Figure 8. Correlation between TNF-a. mRNA and the 222 value of miR-21.
TNF-a, tumor necrosis factor-a; miR-19a, microRNA-19a.
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Figure 9. Correlation between SOCS3 mRNA and the 2"44% value of miR-21.
SOCSS3, suppressor of cytokine signaling 3; miR-19a, microRNA-19a.

following the induction of lipopolysaccharide, and may
promote Thl delayed hypersensitivity (23); the transcription
repressor B cell lymphoma 6 (Bcl6) is an important regulator
of Th cells, and could inhibit Th2-type inflammation (27).
At present, it is thought that miR-21 is the target of Bcll6,
and is able to downregulate Bcll6 expression and activate
STAT3 (27). In addition, STAT3 is thought to upregulate
miR-21 expression by binding to the specific miR-21 promoter
site. It may therefore be hypothesized that miR-21 can promote
the differentiation of Th2 cells (27).

Wang et al (27) demonstrated that in a transplanted
tumor model, the knockdown of the miR-21 gene can
inhibit the growth of a tumor, and inhibit the expression and
phosphorylation of STAT3. In patients with RA, the expression
levels of miR-21 gene are low, and those of STAT5/phos-
phorylated STATS proteins and forkhead box P3 mRNA were
decreased following the expression and activation of STAT3,
in which the negative feedback mechanism influenced the cell
balance of Th17/Treg.

miR-19a may be involved in the development of SJIA by
regulating the expression of SOCS3 and TNF-a. miR-19a
is able to inhibit the expression of SOCS3, enhance the
signal transduction of the JAK/STAT3 signaling pathway
and promote the transcription of transcription factors (28).
Collins et al (28) demonstrated using qPCR that miR-19a
is able to regulate the JAK/STAT signaling pathway. The
target genes of miR-19a, including the signaling factors
of the JAK/STAT signaling pathway, were identified
using bioinformatics to be SOCS1, SOCS3, SOCS5 and
cullin 5 (28). A functional study demonstrated that miR-19a
is able to downregulate the expression of SOCS3 mRNA
and its proteins, whereas an antagonist of miR-19a is able to
significantly reverse this inhibition (28). In addition, miR-19a
decreases the expression levels of SOCS3, and enhances the
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transduction of IFN-a and IL-6/STAT3 (29). These results
suggest that miR-19a positively regulates the JAK/STAT
signaling pathway, and influences the incidence and develop-
ment of inflammation.

Numerous studies demonstrated that miR-19a serves a
negative regulatory role in inflammation. Philippe et al (30)
reported that toll-like receptor 2 (TLR?2) was highly expressed
in the synovial cells of RA induced by LPS. In an miRNA
chip, miR-19a/b was demonstrated to be downregulated in
RA synovial cells, and miR-19a mimics were demonstrated
to decrease the expression levels of TLR2, IL-6 and MMP3.
Gantier et al (31) reported that miR-19a was able to inhibit
A20/Tnfaip3, Rnfl1, Fbxl11/Kdm?2a, and Zbtb16, and promote
the transduction of nuclear factor-xB, and that the downregu-
lation of Rnf11 expression could decrease the expression levels
of IL-6 and IL-8. In colitis tissue samples, miR-19a expres-
sion was downregulated, and the expression levels of TNF-a
were increased (32). However, in the colitis mouse model, a
luciferase vector demonstrated that TNF-a is the target gene
of miR-19a (33).

The present study demonstrated that the relative expres-
sion levels of miR-19a in PBMC:s of patients with SJIA were
significantly lower compared with the control subjects. In addi-
tion, the mRNA of miR-19a target proteins, such as TNF-a
and SOCS3, were highly expressed in patients with SJTA, and
their expression was negatively correlated with miR-19a 27444
values (P<0.05). These results suggest that the low expression
levels of miR-19a in patients with SJIA contribute towards
the high expression levels of TNF-a, indirectly resulting in
the increased expression levels of IL-6. Furthermore, SOCS3
was the negative feedback protein involved in the JAK/STAT
signaling pathway, but high expression levels of SOCS3 did
not downregulate the activation of STAT3; this may be associ-
ated with the functional disorder of SOCS3. These findings
remain to be further studied.

An increasing number of miRNAs are being identified, and
are thought to be closely associated with numerous diseases,
resulting from their regulatory effect on signaling pathways (34).
Investigation into the regulatory mechanism underlying the
effect of miRNAs on the JAK/STAT signaling pathway may
provide novel biomarkers for the diagnosis of SJIA. Further
studies are required to examine the sites of action and effects of
miR-21 and miR-19a on their target proteins, in order to identify
their role in the immune mechanisms underlying SJTA.
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