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Expression of Dicer in rheumatoid arthritis is associated with
disease activity and balances the production of TNF-a
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Abstract. Gene expression can be altered through RNA
interference (RNA1), including microRNA (miRNA) or small
interfering RNA. Alterations of miRNAs in rheumatoid
arthritis (RA) have been reported, however, the components
of the RNAi machinery in RA remain to be fully elucidated.
The aim of the present study was to detect the levels of Dicer,
Argonaute2 and Drosha, components of the RNAi machinery,
in the peripheral blood mononuclear cells of patients with
RAusingreverse transcription-quantitative polymerase chain
reaction, and to compare the results with disease activity
and clinical features. Disease activity was assessed using
the Disease Activity Score 28 (DAS28). Transfection and
stimulation of cultured cells were conducted to determine the
biological function of Dicer. ELISA was used to test tumor
necrosis factor (TNF)-a protein levels. It was found that the
mRNA expression levels of Dicer and Drosha were upregu-
lated in patients with RA, and that the increased level of Dicer
was correlated with disease activity in patients with RA. Dicer
and TNF-a were activated in the serum of patients with RA.
The activation of Dicer suppressed the production of TNF-a.
These results suggested that Dicer can balance the production
of TNF-a, and thus may serve as a regulator of the immune
response in patients with RA.

Introduction
RNA interference (RNAi) is an evolutionarily conserved

mechanism for silencing specific genes (1). The process of
RNAIi can be moderated by either microRNA (miRNA) or

Correspondence to: Professor Xingfu Li, Department of
Rheumatology, Qilu Hospital of Shandong University, 107 Wenhua
Xi Road, Jinan, Shandong 250012, P.R. China

E-mail: xfulil@163.com

Key words: rheumatoid arthritis, RNA interference, Dicer, tumor
necrosis factor-a

small interfering RNA (siRNA). miRNA and siRNA are
processed inside the cell by the enzyme, Drosha, Dicerand a
complex called RNA-induced silencing complex (RISC) (2-6).
The Argonaute (Ago) family of proteins are essential compo-
nents of RISC, which are involved in mRNA cleavage. Ago2
is the only enzyme conferring this activity in mammals (7).
RNAI molecules, which target the degradation of mRNA have
the ability to alter cellular pathways and events. RNAI is a
useful tool in the treatment of diseases and functional investi-
gations of genes. Furthermore, targeting specific genes using
RNAI molecules has been applied in preclinical studies (8.9).

RA is a chronic inflammatory autoimmune disorder,
which is high in prevalence and characterized by persistent
synovitis and systemic inflammation, often leading to other
serious complications. RA can finally lead to joint destruc-
tion and functional disability, and patients may succumb to
mortality (10,11). However, the pathogenesis of RA remains
to be fully elucidated and there are no satisfactory thera-
peutic strategies to cure this disease (12,13). Alterations of
miRNAs in RA have been reported previously. Several
aberrantly expressed miRNAs have been found to contribute
to various aspects of the pathogenesis of RA and may have
applications in biotherapeutic approaches for the diagnosis
and treatment of RA (14). For example, miRNA (miR)-24,
miR-26a, miR-125a-5p and miR-323-3p are increased in RA,
indicating that these miRNAs may be RA biomarkers (15,16).
miR-146a is significantly upregulated in RA, and is associated
with the level of tumor necrosis factor (TNF)-a and disease
activity (17). miR-19 can regulate the expression of Toll-like
receptor 2 in rheumatoid fibroblast-like synoviocytes (18). Of
note, therapeutic trials aimed at targeting miRNA in arthritis
have been performed in vivo models (19,20). Thus, targeting
miRNAs offers a novel advanced therapeutic strategy for
treating RA.

Alterations of miRNAs in RA have been reported,
however, the regulation of these molecules remains to be fully
elucidated. The present study investigated whether the mRNA
levels of Dicer, Ago2 and Drosha, which are components of the
RNAi mechanism, are associated with the clinical signature
of RA. Investigations were also performed to investigate the
contribution of Dicer, which was identified in our pilot study,
to the pathogenesis of RA.
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Table I. Characteristics of the study subjects.
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Characteristic Patients with rheumatoid arthritis (n=50) Healthy controls (n =25)
Female, n 38 19
Male, n 12 6

Age, years (range) 55.88 (28-85) 56.25 (31-78)
Disease duration, months 54 -

ILD, n (%) 4 (8) -
Infection, n (%) 9 (18) -
ANA,n (%) 22 (44) -

RF, n (%) 42 (84) -
Anti-CCP, n (%) 45 (90) -
AKA,n (%) 11 (22) -
DAS28* 4.810+0.2476 -
Medication -
Steroids n (%)° 10 (20) -

<10 mg/day, n (%) 6(12) -

>10 mg/day, n (%) 4 (8) -
DMARD:s ¢, n (%) 49 (98) -
Anti-TNF agents?, n (%) 11 (22) -

sScore presented as the mean + standard error of the mean. "Dose of steroids were the same as as that of prednisone. If another equivalent
was taken, the dose was converted, e.g., 40 mg methylprednisolone was equivalent to 50 mg prednisone. SDMARDs included methotrexate,
chloroquine, leflunomide, sulfasalazineand iguratimod. ‘Anti-TNF agents included etanercept, infliximab and adalimumab. ILD, interstitial

lung disease; ANA, antinuclear antibody; RF, rheumatoid factor; CCP, cy
drugs; TNF, tumor necrosis factor.

clic citrullinatedpeptide; DMARDs, disease modifying antirheumatic

Materials and methods

Subjects. A total of 50 patients with RA and 25 healthy controls
were recruited following the provision of informed consent
from February 2014 to July 2014. The procedure was approved
by the Medical Ethics Committee of Central Hospital of Zibo
in January 2014. All patients with RA fulfilled the American
College of Rheumatology classification criteria for RA. An
RA Disease Activity Score (DAS28) for each patient was
determined at the time of blood sample collection. Additional
clinical information is listed in Table I.

Sample handling and RNA processing. Peripheral blood
samples were obtained from each subject and collected in
tubes containing acid citrate dextrose formula A. Erythrocytes
were immediately lysedin lysis buffer for 20 min at 4°C and
total RNA was extracted from the leukocytes using TRIzol
(Invitrogen; Thermo Fisher Scientific, Inc.). Subsequently,
1 ug of RNA was reverse transcribed into cDNA using
SuperScript II reverse transcriptase (Invitrogen; Thermo
Fisher Scientific, Inc.) and oligo dT primers.

Quantitative polymerase chain reaction (qPCR) analysis.To
determine the quantity of mRNA, the cDNA was amplified
using qPCR analysis with SYBR-Green (SYBR Premix Ex
Taq™ RT-PCR kit; Takara Biotechnology Co., Ltd., Dalian,
China),and the expression of ribosomal protein L13A (RPL13A)
was determined as the internal control. The SYBR Green
assays were performed on a 7900HT real-time instrument

(Applied Biosystems; Thermo Fisher Scientific, Inc.). Relative
expression levels were calculated using the 2244 method (21).
The primers used were as follows: Dicer forward, 5'-AGG
AAGAGGCTGACTATGAAG-3' and reverse, 5'-GGTTGA
AAAAGGAGAAAGAGA-3"; Ago2 forward, 5-GTCTCT
GAAGGCCAGTTCCA-3' and reverse, 5"ATACAGGCCTCA
CGGATGG-3"; Drosha forward, 5'-CAGCTACGAACGGAG
CAGT-3" and reverse, 5-TTTTTCTTCCTCCCAACGAG-3';
TNF-a forward, 5'-CCCAGGGACCTCTCTCTAATCA-3'
and reverse, 5'-GCTACAGGCTTGTCACTCGG-3"; RPL13A
forward, 5'-CCTGGAGGAGAAGAGGAAAGAGA-3' and
reverse, 5-TTGAGGACCTCTGTGTATTTGTCA A-3'.
RT-qPCR analysis was performed at 95°C for 15 sec, followed
by 40 cycles at 95°C for 5 sec and 60°C for 30 sec, and then
at 95°C for 15 sec, 60°C for 15 sec and 95°C for 15 sec. The
results were analyzed using SDS software version 2.3 (Applied
Biosystems; Thermo Fisher Scientific, Inc.).

Isolation of peripheral blood mononuclear cells (PBMCs).
PBMCs were obtained from healthy volunteer donors. The
PBMCs were separated from heparinized whole blood using
density-gradient centrifugation at 800 x g for 20 min at 37°C
with LymphoprepFicoll-Paque Plus (GE Healthcare Life
Sciences, Chalfont, UK).

Cell culture. The HeLa cells were obtained from the
American Type Culture Collection (Manassas, VA, USA)
and were maintained at 37°C in an atmosphere of 5% CO,
in Dulbecco's modified Eagle's medium (DMEM; Invitrogen;
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Thermo Fisher Scientific, Inc.) containing 10% FBS
(Invitrogen; Thermo Fisher Scientific, Inc.) and 100 U/ml of
penicillin/streptomycin. The purified PBMCs were cultured
in RPMI-1640 medium supplemented with 10% serum from
either a healthy control ora patients with RA, 100 U/ml of
penicillin and 100 U/ml of streptomycin at 37°C in an atmo-
sphere of 5% CO,.

Transfection and stimulation. The HeLa cells were plated at a
density of 5x10*in culture dishes for 24 h and then transfected
with 100 nM of Dicer small interfering (si)RNA or control
siRNA with Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
At 48 h post-transfection, the HeLa cells were stimulated
with lipopolysaccharide (LPS; 10 pg/ml) from Escherichia
coli strain K12; InvivoGen, San Diego, CA, USA) for 2 h at
37°C in an atmosphere of 5% CO,. The siRNA sequences were
as follows: Control siRNA sense, 5'-CAGUACUUUUGUGUA
GUACAAdTAT-3' and antisense, 5S“-TTGTACTACACAAAA
GTACTGATdT-3"; Dicer siRNA sense, 5" ACUGCUUGA
AGCAGCUCUGGAJTAT-3" and antisense, 5'-UCCAGAGCU
GCUUCAAGCAGUdTAT-3".

Enzyme-linked immunosorbent assay (ELISA). The protein
levels of TNF-a secreted into the cell culture supernatantwere
quantified using commercially available ELISA kits (XiTang
Biological Technology Co., Ltd., Shanghai, China) according
to the manufacturer's protocol.

Statistical analysis. Data were analyzed using Prism 4 soft-
ware, version 5.01 (GraphPad Software, Inc., La Jolla, CA,
USA). The nonparametric Mann-Whitney test was used to
compare between groups. Spearman's correlation test was used
for correlation analysis. P<0.05 (two-tailed) was considered to
indicate a statistically significant difference.

Results

mRNA expression of Dicer Ago2 and Drosha. The demo-
graphic and baseline clinical data of the study subjects are
summarized in Table I. The present study examined the
mRNA expression levels of Dicer, Ago2 and Drosha in samples
obtained from 50 patients with RA and 25 healthy controls
using RT-qPCR analysis, as described above. There were no
significant differences in mean age or gender distribution
between the patients with RA and the healthy donors (Table I).
As shown in Fig. 1A, the RA group had a higher mRNA level
of Dicer, compared with the healthy controls (12.86+6.83, vs.
1.727+1.713; P<0.0001). There was no significant difference
in the mRNA expression of Ago2 between the patients with
RA and healthy controls (1.886+5.944, vs. 2.549+3.38809;
P=0.7573; Fig. 1B). The RA group had a higher mRNA level
of Drosha, compared with the healthy controls (17.14+34.76,
vs. 2.824+4.037 P=0.0235; Fig. 1C).

Clinical associations. The present study performed analysis to
determine the correlation between the mRNA levels of Dicer,
Ago2 and Droshaand clinical features. As shown in Fig. 2A, a
direct positive correlation was observed between the mRNA
levels of Dicer and DAS28 scores (r=0.4893; P=0.003).
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Figure 1. mRNA expression of Dicer Ago2 and Drosha. (A) Comparison of
mRNA expression levels of Dicer in patients with RA and healthy controls.
(B) Comparison of mRNA expression levels of Ago2 in patients with RA
and healthy controls. (C) mRNA expression of Drosha in patients with RA
and healthy controls. RA, rheumatoid arthritis; HC, healthy control; Ago2,
Argonaute 2.

However, there was no correlation between the mRNA level
of Ago2 (r=0.02089; P=0.8855) and DAS28 scores or the level
of Drosha and DAS28 scores (r=0.08499; P=0.5573), as shown
in Fig. 2B and C.

The levels of C-reactive protein (CRP) are also an indi-
cator of disease activity. High CRP levels are often observed
in patients with RA with active disease. Further analysis in
the present study revealed that the mRNA expression levels
of Dicer were correlated with the levels of CRP (r=0.4813;
P=0.0004; Fig. 3A), whereas the mRNA levels of Ago2
(r=0.1793; P=0.2118) and Drosha (r=0.1127; P=0.4359) were
not (Fig. 3B and C). Taken together, these results indicated that
the expression levels of Dicer were positively correlate with
RA disease activity.
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Figure 2. Correlation between the mRNA expression levels of Dicer, Ago2
or Drosha and DAS28 in patients with rheumatoid arthritis. (A) Dicer;
(B) Ago2; (C) Drosha. Ago2, Argonaute 2.

Manipulation of Dicer function alters the expression of
TNF-a. TNF-a is one of the major proinflammatory cytokines
involved in the pathogenesis of RA (22). In order to examine the
effect of Dicer on TNF-a, the present study treated HeLa cells
with Dicer siRNA or control siRNA. At 48 h post-transfection,
the HeLa cells were stimulated with LPS (10 gg/ml) for 2 h,
following which the protein level of TNF-a was detected
using ELISA. Transfection with Dicer siRNA increased the
expression of TNF-a (Fig. 4A), suggesting that the expression
of TNF-a was regulated by Dicer at the protein level.

The expression of Dicer can be regulated by the let-7/miR-98
family viamRNA degradation and translational repression (23).
In the present study, the expression of Dicer was altered by
manipulation of miR-98 and the effect on the expression of
TNF-a was examined. HeLa cells were treated with miR-98
mimic or inhibitor for 48 h. Following transfection, the HeLa
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Figure 3. Correlation between the mRNA expression levels of Dicer, Ago2
or Drosha and CRP in all patients with rheumatoid arthritis. (A) Dicer.
(B) Ago2. (C) Drosha. CRP, C-reactive protein; Ago2, Argonaute 2.

cells were stimulated with LPS (10 pg/ml) for 2 h and the
protein expression of TNF-a was examined using ELISA. The
miR-98 mimic, which downregulated the expression of Dicer,
increased the protein expression levels of TNF-a, whereas the
miR-98 inhibitor, which upregulated the expression of Dicer,
decreased theexpression of TNF-a (Fig. 4B), suggesting that
the expression of TNF-a was regulated by the manipulation
of Dicer.

Expression of Dicer and TNF-a are enhanced following
LPS treatment or by supplementation with 10% serum from
patients with RA. The excessive stimulation of innate immunity,
including LPS, can lead to the overproduction of TNF-a (24).
In the present study, PBMCs werefreshly purified from healthy
donors and stimulated LPS (10 pg/ml from E. coli strain K12),
following which the mRNA levels of TNF-a and Dicer were
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Figure 4. (A) Effects of Dicer siRNA on the protein levels of TNF-a in HeLa
cells stimulated by LPS. (B) Effects of miR-98 mimic and inhibitor on the
protein levels of TNF-a in HeLa cells stimulated by LPS. Data are presented
as the mean + standard deviation. "P<0.05 and “P<0.01, compared with the
control. siRNA, small interfering RNA; TNF-a, tumor necrosis factor-a;
LPS, lipopolysaccharide; miR, microRNA.

measured using RT-qPCR analysis at different times post-LPS
stimulation. It was found that the mRNA levels of TNF-a and
Dicer were enhanced, with a peak 4 h, following LPS treat-
ment (Fig. 5A). This process was mimicked by supplementing
the cells with 10% serum from patients with RA (Fig. 5B).

Discussion

RNAI, which was initially recognized as an ancient defense
strategy protecting organisms from RNA virus infection (25),
is an evolutionarily conserved mechanism of post-transcrip-
tional gene silencing in a sequence-specific manner (26). It has
been shown that gene silencing by RNAi has emerged as a
useful tool for genetic analysis and treatment of disease.
Dicer is important in antiviral responses. It inhibits human
immunodeficiency virus type 1 replication in PBMCs (27),
and knockdown of Dicer leads to increased virus produc-
tion and accelerated apoptosis of influenza-A virus-infected
cells (28). In vivo, Dicer is essential for normal skeletal growth.
Dicer is critical in the regulation of chondrocyte proliferation
and differentiation during skeletal development (29). Dicer
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Figure 5. (A) mRNA levels of Dicer and TNF-a in PBMCs stimulated with
LPS. (B) mRNA levels of Dicer and TNF-a in PBMCssupplemented with
10% serum of patients with rheumatoid arthritis. PBMCs, peripheral blood
mononuclear cells; TNF-a, tumor necrosis factor-a; LPS, lipopolysaccharide.

deficiency in osteoclasts suppresses osteoclastic bone resorp-
tion (30). A previous study showed that Anti-Su autoantibodies
from patients with RA and systemic lupus erythematosus-
recognize the Ago2 and Dicer proteins (31). However, the
components of the RNAi machinery in RA remain to be fully
elucidated.

In the present study, the mRNA levels of Dicer, Ago2 and
Drosha were examined, and the association between their
expression levels and specific clinical features of RA were
investigated. It was found that the mRNA expression levels
of Dicer and Drosha were upregulated in patients with RA,
compared with healthy controls, and the mRNA expression of
Dicer was correlated with the activity of disease. These results
demonstrated that Dicer mRNA can be used as a marker of
RA disease activity.

TNF-a is a multifunctional cytokine involved in important
biological processes, including cell survival, differentiation,
proliferation and death (32). It is also crucial in the pathogen-
esis of RA. Anti-TNF therapy has shown to benefit patients
with RA. To evaluate the effect of the manipulation Dicer on
the expression of TNF-a, the present study performed in vitro
experiments to determine whether Dicer RNAI alters the
expression of TNF-a. As shown in Fig. 4A, transfection of the
cells with Dicer siRNA increased the expression of TNF-a. The
miR-98 mimic, which downregulated the expression of Dicer,
increased the protein expression levels of TNF-a, whereas the
miR-98 inhibitor, which upregulated the expression of Dicer,
decreased the expression of TNF-a (Fig. 4B). These results
suggested that the expression of TNF-a, was regulated by the
manipulation of Dicer. A previous study showed that the nuclear
factor (NF)-kB-dependent transcription of Dicer is important
for TNF-a homeostasis in hepatocytes. The expression of
Dicer and TNF-a were induced in response to the activation of
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NF-kB (33). The present study showed that the mRNA levels
of Dicer and TNF-a were enhanced following LPS treatment
orsupplementation with 10% serum from patients with RA.
Dicer and TNF-a were activated in the serum of patients with
RA. In addition, activation of Dicer inhibited the production of
TNF-a. The outcome of these regulatory mechanisms was the
balanced production of TNF-a in RA.

In conclusion, the present study demonstrated that the
mRNA expression levels of Dicer and Drosha were upregulated
in RA, and that the increased level of Dicer was correlated
with disease activityin patients with RA. Therefore, Dicer can
be used as a marker of RA disease activity. Dicer and TNF-a
were also activated in the serum of patients with RA. The
activation of Dicer suppressed the production of TNF-a in
RA, and the outcome of these regulatory mechanisms was the
balanced production of TNF-a in RA.
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