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Summary

We hypothesized that the aberrant expression of microRNAs (miRNAs) in
rheumatoid arthritis (RA) T cells was involved in the pathogenesis of RA.
The expression profile of 270 human miRNAs in T cells from the first five RA
patients and five controls were analysed by real-time polymerase chain reac-
tion. Twelve miRNAs exhibited potentially aberrant expression in RA T cells
compared to normal T cells. After validation with another 22 RA patients
and 19 controls, miR-223 and miR-34b were over-expressed in RA T cells.
The expression levels of miR-223 were correlated positively with the titre of
rheumatoid factor (RF) in RA patients. Transfection of Jurkat cells with miR-
223 mimic suppressed insulin-like growth factor-1 receptor (IGF-1R) and
transfection with miR-34b mimic suppressed cAMP response element
binding protein (CREB) protein expression by Western blotting. The protein
expression of IGF-1R but not CREB was decreased in RA T cells. The addi-
tion of recombinant IGF-1-stimulated interleukin (IL)-10 production by
activated normal T cells, but not RA T cells. The transfection of miR-223
mimic impaired IGF-1-mediated IL-10 production in activated normal T
cells. The expression levels of SCD5, targeted by miR-34b, were decreased in
RA T cells after microarray analysis. In conclusion, both miR-223 and miR-
34b were over-expressed in RA T cells, but only the miR-223 expression
levels were correlated positively with RF titre in RA patients. Functionally,
the increased miR-223 expression could impair the IGF-1-mediated IL-10
production in activated RA T cells in vivo, which might contribute to the
imbalance between proinflammatory and anti-inflammatory cytokines.
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Introduction

Rheumatoid arthritis (RA) is a common and disabling
chronic inflammatory disease. The pathogenesis of RA is
extremely complex and involves both innate and adaptive
immune responses [1]. Diverse T cell dysfunctions, includ-
ing defects in immune homeostatic control, the accumula-
tion of different proinflammatory effector T cell
subpopulations and potent reactivity to the formation of
neo-autoantigens, such as aggregated immunoglobulins
(Ig)Gs or citrullinated peptides, have been characterized in
RA patients [2,3]. Even in the very early stages of RA, an
abnormal CD4+ T cell genetic signature can already exist in
RA patients [4]. Furthermore, inhibition of T cell

co-stimulation by soluble cytotoxic T lymphocyte antigen 4
recombinant proteins effectively suppresses joint inflamma-
tion in RA patients clinically [5]. These results support the
fact that T cells play a crucial role in the pathogenesis of RA.

MicroRNAs (miRNAs) are small, non-coding RNA mol-
ecules of 21–24 base pairs that control the expression of
multiple gene targets at the post-transcriptional level.
Hence, miRNAs are thought to play a crucial role in regulat-
ing both innate and adaptive immune responses [6].
Recently, several studies have demonstrated that the expres-
sion of miRNAs, including miR-146a, miR-155, miR-16,
miR-23b, miR-203, miR-124a, miR-346 and miR-223,
was altered in synovial fibroblasts, peripheral blood
mononuclear cells and T cells from RA patients [7–15]. This
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abnormal miRNA expression is associated with abnormal
innate immunity [8–11], inflammation [7,12] and cell pro-
liferation [9]. However, the immunopathogenic roles of
these aberrantly expressed miRNAs in rheumatoid patho-
genesis have not been fully characterized in RA patients.
Moreover, due to the complex pathogenesis of RA, we
expected that additional miRNAs would be involved in the
inflammatory response in RA patients. In the present study,
we hypothesized that aberrantly expressed miRNAs in T
cells from RA patients affect downstream expressions and
functions of target molecules and thereby contribute to the
inflammatory response in RA patients.

Material and methods

Patients and controls

Twenty-seven consecutive patients fulfilling the 1987
American College of Rheumatology revised criteria for the
classification of RA [16] were recruited for this study.
Twenty-four age- and sex-matched healthy volunteers
served as controls. The study was approved by the institu-
tional review board and ethics committee of Buddhist Dalin
Tzu Chi Hospital, Chiayi, Taiwan (no. B1000301) and all
participants provided written informed consent. Blood
samples were collected at least 12 h after the last dosage of
immunosuppressants to minimize the effects of the drugs.

Both the five first enrolled RA patients and healthy con-
trols were used for analysing the expression profile of 270
human miRNAs in T cells by real-time polymerase chain
reaction (PCR) (the screening group). Secondly, we vali-
dated the expression levels of these potentially aberrant
miRNAs expression in T cells from another 22 RA patients
and 19 healthy controls (the validation group). Finally, we

analysed the correlation among different clinical parameters
and expression levels of miRNA using all the RA patients
from both groups, except one patient in the screening group
who was excluded due to incomplete medical record. The
study design is shown in Fig. 1.

Isolation of total RNA from T cells

Heparinized venous blood was obtained from all of the RA
patients and healthy volunteers. It was mixed with one-
fourth volume of 2% dextran solution (MW 464 000
daltons; Sigma-Aldrich, St Louis, MO, USA), and incubated
at room temperature for 30 min. Leucocyte-enriched super-
natants were collected and layered over a Ficoll-Hypaque
density gradient solution (specific gravity 1·077; Pharmacia
Biotech, Uppsala, Sweden). After centrifugation at 250 g for
25 min, mononuclear cells were aspirated from the inter-
face. T cells were purified further with anti-human CD3-
coated magnetic beads using the IMag Cell Separation
System (BD Bioscience, Franklin Lakes, NJ, USA). The cell
concentration of T cells was adjusted to 1 × 106 /ml with
RPMI-1640 medium containing 10% heat-inactivated fetal
bovine serum, 2 mmol/l L-glutamine, 100 U/ml penicillin
and 100 μg/ml streptomycin (10% fetal bovine serum-
RPMI) for further analysis. Total RNA, including miRNAs,
was extracted from the T cells using the mirVana miRNA
isolation kit (Ambion, Austin, TX, USA), according to the
manufacturer’s protocol. The concentration of RNA was
quantified using a NanoDrop 1000 Spectrophotometer
(Thermo Scientific, Waltham, MA, USA).

Measurement of miRNAs expression by real-time PCR

All the miRNAs were converted to the corresponding
cDNAs in a one-step reverse transcription (RT) reaction

Hypothesis: aberrantly expressed miRNAs in RA T cells

suppress downstream target molecules expression and function

Screening of miRNA expression profile in T cells using small samples

Validation of potential target miRNA expression using larger samples

Correlation of miRNA expression levels with clinical parameters

Literature search of miRNA gene targets and selection of interesting genes

Validation of protein expression of interesting genes

and functional study using transfection
Fig. 1. The study design.
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according to the method developed by Chen et al. [17], as
described previously [18]. A real-time PCR-based method
was used to quantify the expression levels of miRNAs using
an ABI Prism 7500 Fast Real-Time PCR system (Applied
Biosystems, Foster City, CA, USA). The normalized miRNA
levels were defined by the equation [39 – threshold cycle
(Ct) after normalization by the expression of U6 small
nuclear RNA (snRNA)], as described previously [19].

Transfection of miRNA mimics into Jurkat cells or
human T cells

Freshly isolated human T cells or Jurkat cells (1 × 106/ml)
purchased from the American Type Culture Collection
(Manassas, VA, USA) were electroporated with 1 μg of
scrambled oligonucleotides (as control group) or specific
miRNA mimics (Ambion) using the Gene Pulser MXcell
electroporation system (Bio-Rad Laboratories, Hercules,
CA, USA) under the conditions developed by Jordan et al.
[20]. The expression levels of miRNAs in Jurkat cells
transfected with miRNA mimics or scrambled oligonucleo-
tides were analysed by real-time PCR after culture at 37°C
in a humidified atmosphere containing 5% CO2 for 24 h.

Measurement of mRNA expression levels by
real-time PCR

The mRNA expression levels of specific genes were quanti-
fied by real-time PCR using a one-step reverse transcription
(RT)–PCR kit (TaKaRa, Shiga, Japan) with an ABI Prism
7500 Fast Real-Time PCR system (Applied Biosystems). The
primers for insulin-like growth factor-1 receptor (IGF-1R)
were as follows: forward 5′-GGACAGGTCAGAGGGTT
TC-3′ and reverse 5′-CTCGTAACTCTTCTCTGTGCC-3′
[21]. The primers for cAMP response element binding
protein (CREB1) were as follows: forward 5′-ATTGCTC
CTCCCTGGGTAAT-3′ and reverse 5′-CGGTGCCAACT
CCAATTTAC-3′ [22]. The primers for stearoylCoA
desaturase 5 (SCD5) were as follows: forward 5′-GAG
GAATGTCGTCCTGATGA-3′ and reverse 5′-CTGTGGCT
CCACAAGCTGA-3′. The primers for MUTED were as
follows: forward 5′-ATCACAGACCAGTTATTCAAGG-3′
and reverse 5′-CACTAGCTACTAAGTGGTCAC-3′. The
primers for protein tyrosine phosphatase-like A domain
containing 1 (PTPLAD1) were as follows: forward 5′-
GTCTGTAACACCTGTCAATAC-3′ and reverse 5′-GGG
TTTGTAACAATCACTAAG-3′. The primers for kelch
repeat and BTB (POZ) domain containing 6 (KBTBD5)
were as follows: forward 5′-CTAGCTGAGTGTGCTG
GCA-3′ and reverse 5′-CTGCTTGCTCAGAAGGCACT-3′.
The primers for chondroitin sulphate proteoglycan 5
(GSPG5) were as follows: forward 5′-CAAGCTGCGTAG
GACCAACA-3′ and reverse 5′-AGGACTTGAGAACCTC
CTGG-3′.

The following conditions were used for the quantitative
PCR: 42°C for 5 min and 95°C for 10 s for RT, followed by
40 cycles of 95°C for 5 s and 60°C for 34 s. Expression of
18S ribosomal RNA was used as an endogenous control for
data normalization. The normalized mRNA levels were
defined by the equation (39 – Ct after normalization by the
expression of 18S ribosomal RNA).

Western blotting of cell lysates

Purified human T cells or Jurkat cells were lysed in 1%
NP-40 (Sigma-Aldrich) in the presence of a proteinase
inhibitor cocktail (Sigma-Aldrich). Seventy μg of the cell
lysates were electrophoresed in 10% sodium dodecyl sul-
phate polyacrylamide gel electrophoresis gel and transferred
to a polyvinylidene difluoride sheet (Sigma-Aldrich). After
blocking, the membranes were incubated with the primary
antibodies followed by incubation with horseradish
peroxidase-conjugated secondary antibodies. Mouse mono-
clonal anti-IGF-1R and anti-CREB antibodies (abcam,
Cambridge, UK) were used as the primary antibodies, and
anti-β-actin was used as an internal control (Sigma-
Aldrich). Goat anti-mouse IgGs (Jackson ImmunoResearch
Laboratories, West Grove, PA, USA) were used as secondary
antibodies. The formed complexes were visualized via a
chemiluminescence reaction (ECL; GE Healthcare, Little
Chalfont, UK). The intensity of the respective band was
semi-quantified using Image J software (version 1·42; http://
rsb.info.nih.gov/ij).

Functional study of miRNAs in normal T cells
after transfection

T cells isolated from a healthy volunteer or RA patients
(2 × 106/well) were cultured in an anti-human CD3 anti-
body (2 μg; BioLegend, San Diego, CA, USA) precoated
microplate with anti-human CD28 antibody (2 μg;
BioLegend) in the presence or absence of recombinant
IGF-1 (50 ng/ml; Millipore, Billerica, MA, USA) for 48 h at
37°C in a humidified atmosphere containing 5% CO2.
Then, miR-223 mimic- and scramble oligonucleotide-
transfected normal T cells (3 × 106/well) were cultured on
the anti-human CD3 antibody (2 μg) precoated plate with
2 μg anti-human CD28 antibody and IGF-1 (50 ng/ml;
Millipore) for 48 h at 37°C. The cells were pelleted by cen-
trifugation at 300 g. The supernatants were collected and
stored at −80°C for the measurement of interleukin (IL)-10
(BD Biosciences) and transforming growth factor (TGF)-β
(R&D Systems, Minneapolis, MN, USA) using enzyme-
linked immunosorbent assay (ELISA) kits, according to the
manufacturer’s protocol. Total RNA were extracted from
these transfected normal T cells alone and then analysed the
expression of IL-17, tumour necrosis factor-alpha (TNF-α),
IL-1β and IL-10 using real-time PCR.
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Micorarray analysis

Total RNA was extracted by TRIzol reagent (Invitrogen,
Carlsbad, CA, USA), according to the manufacturer’s
instructions. Purified RNA was quantified at optical density
(OD) 260 nm by a ND-1000 spectrophotometer (Thermo
Scientific) and qualitated by a Bioanalyzer 2100 (Agilent
Technology, Santa Clara, CA, USA) with RNA 6000 labchip
kit (Agilent Technologies).

Total RNA (0·2 μg) was amplified with a Low Input
Quick-Amp Labeling kit (Agilent Technologies) and
labelled with cyanin 3 (Cy3; Agilent Technologies) dye
during the in-vitro transcription process; 0·6 μg of Cy3-
labelled cRNA was fragmented to an average size of about
50–100 nucleotides by incubation with fragmentation
buffer at 60°C for 30 min. Correspondingly fragmented
labelled cRNA was then pooled and hybridized to Agilent
SurePrint G3 Human V2 GE 8 × 60 K Microarray (Agilent
Technologies) at 65°C for 17 h. After washing and drying by
nitrogen gun blowing, microarrays were scanned with an
Agilent microarray scanner (Agilent Technologies) at
535 nm for Cy3. Scanned images were analysed using
Feature extraction version 10·5·1·1 software (Agilent Tech-
nologies), an image analysis and normalization software
was used to quantify signal and background intensity for
each feature. Potential gene targets of the specific miRNA
were obtained by using TargetScan version 6·2 (http://
www.targetscan.org/index.html) search engine. Next, we
compared the potential gene targets of the miRNAs with the
microarray results and further validated their mRNA
expression levels in T cells from RA patients and controls
using real-time PCR.

Statistical analysis

All data are represented as mean ± standard deviation (s.d.).
Univariate and multivariate linear regression analyses were
applied to calculate correlation coefficients and signifi-
cances among different parameters using Stata software
(StataCorp, College Station, TX, USA). Statistical signifi-
cance was assessed by either a paired or unpaired Mann–
Whitney U-test, as appropriate. A P-value of less than 0·05
was considered statistically significant.

Results

Patients and controls

For RA patients and healthy controls, we recorded their
demographic and clinical characteristics including age, sex,
rheumatoid factor (RF) positivity, anti-citrullinated protein
antibody (ACPA) positivity, C-reactive protein (CRP) and
immunosuppressant therapy (Table 1). No statistically sig-
nificant differences were found in age or sex between the
two groups.

Detection and verification of differential expression
of miRNAs in T cells from RA patients and
healthy controls

The expression profile of 270 miRNAs in T cells from RA
patients and healthy controls is shown in Fig. 2a. Each
scatter-spot represents the average of normalized miRNA
levels of T cells from five RA patients and five normal
controls. Expression levels of 11 microRNAs, including
miR-370, miR-485-5p, miR-17*, miR-372, miR-199a-3p,
miR-338-3p, miR-33b, miR-526b, miR-31, miR34b and
miR-223, were significantly higher in RA T cells than
normal T cells, while levels of miR-532-5p were significantly
lower in RA T cells than normal T cells (fold change > 3·8,
P < 0·05, Fig. 2b). We validated these aberrantly expressed
miRNAs in T cells from another 22 RA patients and 19
healthy controls. The expression levels of miR-223 and miR-
34b (fold change 2·78 for miR-223 and 1·39 for miR-34b;
P < 0·05) remained significantly higher in RA T cells than
normal T cells (Fig. 2c).

Correlations of miR-223 and miR-34b expression levels
with the clinical parameters in RA patients

Next, we examined the relationship between different clini-
cal parameters and the expression levels of miR-223 and
miR-34b in RA T cells by both univariate and multivariate
linear regression analyses. In the univariate analysis, the
expression levels of miR-223 were correlated positively with
the dosage of steroid treatment and the titre of CRP, RF and
ACPAs. In contrast, the expression levels of miR-34b were
correlated positively with male sex and the titre of ACPAs
(Table 1). After adjustment for age and sex, RF titre, but not

Table 1. Comparison of demographics and clinical data between

patients with rheumatoid arthritis and healthy volunteers.

Healthy

volunteers

(n = 19)

RA patients

(n = 22) P

Age (mean years ± s.d.) 50·3 ± 14·9 55·3 ± 14·3 0·239

Sex (female : male) 10:9 16:6 0·183

RF positivity – 81·8% (18/22)

ACPA positivity – 81·8% (18/22)

CRP (mg/dl) – 0·87 ± 1·34

Immunosuppressants

Corticosteroids – 95·5% (21/22)

Salazopyrine – 90·9% (20/22)

MTX – 90·9% (20/22)

Leflunomide – 27·3% (6/22)

TNF antagonists – 27·3% (6/22)

ACPA = anti-citrullinated protein antibody; CRP = C-reactive

protein; MTX = methotrexate; RA = rheumatoid arthritis; RF = rheu-

matoid factor; TNF = tumour necrosis factor; – = not available;

s.d. = standard deviation.
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Table 2. Univariate and multivariate linear regression models for assessing the correlations among different clinical parameters and expression levels

of miR-223 or miR-34b in T cells from 26 patients with rheumatoid arthritis.

Univariate analysis Multivariate analysis

Fold change (95% confidence interval) Fold change (95% confidence interval)

miR-223 miR-34b miR-223† miR-34b‡

Age (per 10 years) 0·99 (0·95–1·03) 1·07 (0·95–1·20) 1·00 (0·72–1·41) 1·08 (0·96–1·20)

Sex (male/female) 3·76 (0·94–15·01) 1·57* (1·09–2·27) 0·90 (0·22–3·76) 1·30 (0·81–2·07)

CRP (mg/dl) 1·97* (1·25–3·11) 1·11 (0·71–1·28) 1·40 (0·83–2·35) 1·06 (0·89–1·25)

ACPA (per 10 U/ml) 1·05* (1·01–1·09) 1·01* (1·00–1·02) 1·00 (0·96–1·05) 1·01 (0·99–1·02)

RF (per 10 IU/ml) 1·08* (1·04–1·12) 1·00 (0·99–1·02) 1·06* (1·00–1·11) –

Steroid dosage equivalent to

prednisolone (mg/day)

1·61* (1·23–2·12) 1·07 (0·98–1·17) 1·14 (0·78–1·65) 1·01 (0·90–1·13)

MTX dosage (mg/week) 1·10 (0·94–1·27) 0·99 (0·95–1·03) – –

Anti-TNF (yes/no) 0·35 (0·08–1·57) 0·89 (0·58–1·37) – –

*P < 0·05. †After analysis with multivariate linear regression model by adjusting for age and sex, only RF titre was correlated significantly positively

with the expression levels of miR-223. ‡After analysis with multivariate linear regression model by adjusting for age and sex, no clinical parameters

were correlated significantly with the expression levels of miR-34b. ACPAs = anti-citrullinated protein antibodies; CRP = C-reactive protein;

MTX = methotrexate; RF = rheumatoid factor; TNF = tumour necrosis factor; – = not available.
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Fig. 2. Altered expression of miRNAs in T cells

from rheumatoid arthritis (RA) patients and

healthy volunteers. (a) The expression profile of

270 miRNAs in T cells from RA and control

groups as measured by real-time polymerase

chain reaction (PCR). Each scatter-spot

represents the average normalized expression

level in T cells from the first five RA patients

and five healthy controls for each miRNA. (b)

Twelve miRNAs were exhibited potentially

aberrant expression in RA T cells compared

with normal T cells. (c) Only miR-223 and

miR-34b were found to be over-expressed in RA

T cells after validation using another 22 RA

patients and 19 controls. P-values were obtained

using the unpaired Mann–Whitney U-test.
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CRP level, ACPA titre, or steroid dosage was correlated sig-
nificantly with the expression levels of miR-223. No clinical
parameters were correlated significantly with the expression
levels of miR-34b (Table 2).

Transfection of miR-223 mimic suppressed IGF-1R
protein expression

After searching published articles of miR-223 or miR-34b
target genes that could potentially link to the pathogenesis
of rheumatoid arthritis, we found that Jia et al. [21]
reported that miR-223 could target IGF-1R mRNAs tran-
script. To elucidate the roles of miR-223 on IGF-1R mRNA
and protein expression, we transfected miR-223 mimic or
scrambled oligonucleotides (control) into Jurkat cells by
electroporation. The expression levels of miR-223 increased
dramatically after miR-223 mimic transfection (Fig. 3a).
However, the increased miR-223 expression failed to sup-
press the mRNA expression of IGF-1R (Fig. 3b), whereas
miR-223 significantly suppressed the protein expression of
IGF-1R in Jurkat cells (Fig. 3c). A representative sample is
shown in Fig. 3d. These findings suggested that miR-223
could inhibit the translation of the target protein IGF-1R,
but did not accelerate IGF-1R mRNA degradation.

Transfection of miR-34b mimic suppressed CREB
protein expression

Pigazzi et al. [22] demonstrated that miR-34b could target
the CREB gene transcript. Accordingly, we transfected miR-
34b mimic or scrambled oligonucleotides (control) into
Jurkat cells by electroporation to evaluate the effects on
mRNA and protein expression of CREB. Similar to the miR-
223 mimic transfection, the mRNA expression levels of
miR-34b increased dramatically after miR-34b mimic

transfection (Fig. 4a). The increased miR-34b expression
did not suppress CREB mRNA expression (Fig. 4b), but
suppressed CREB protein expression significantly in Jurkat
cells (Fig. 4c). A representative result is shown in Fig. 4d.
These findings suggested that miR-34b could inhibit the
translation of the target protein CREB but did not acceler-
ate its mRNA degradation.

Comparison of IGF-1R and CREB protein expression
in T cells from RA patients and healthy controls

To verify the potential biological and pathological roles of
increased miR-223 and miR-34b expression in RA T cells,
we compared the protein expression of IGF-1R and CREB
in T cell lysates from RA patients and healthy controls by
Western blotting (Fig. 5). The protein levels of IGF-1R
(Fig. 5a), but not CREB (Fig. 5b), were significantly lower in
RA T cells compared with normal T cells. The results from
three RA and two control T cell samples are shown in
Fig. 5c as representative examples.

Transfection of miR-223 mimic inhibited
IGF-1-mediated IL-10 secretion in anti-CD3 and
anti-CD28 antibody-activated human T cells

We demonstrated that miR-223 transfection also suppresses
the protein expression of IGR-1R in normal T cells
(Fig. 6a,b). Kooijman et al. [23] reported that IGF-1 could
stimulate IL-10, an important anti-inflammatory cytokine,
production by activated normal human T cells. We hypoth-
esized that the increased miR-223 levels could suppress
IGF-1R expression, leading to impaired IL-10 production
upon IGF-1 stimulation in RA T cells. First, we demon-
strated that the addition of IGF-1 could stimulate IL-10
production in anti-CD3 and anti-CD28 antibody-activated
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miR-223 mimic transfection. (d) A

representative example of IGF-1R protein

expression by Western blotting after miR-223

mimic transfection.
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normal T cells but not RA T cells (Fig. 6c). Upon stimula-
tion of IGF-1, anti-CD3 and anti-CD28 antibody-activated
normal T cells indeed produced more IL-10 than RA T cells
(159·1 ± 113·7 pg/ml versus 41·4 ± 39·7, P = 0·045), as
anticipated. The difference in IL-10 production in anti-CD3
and anti-CD28 antibody-activated normal and RA T cells
without IGF-1 did not reach statistical significance
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(113·6 ± 93·1 pg/ml versus 57·8 ± 60·7, P = 0·27). In normal
T cells, this IGF-1-enhanced IL-10 production was sup-
pressed significantly by the transfection of miR-223 mimic,
compared to levels following transfection of scrambled oli-
gonucleotides (Fig. 6d). We also analysed the concentration
of TGF-β, but we did not find any difference between acti-
vated RA and normal T cells with or without IGF-1. The
transfection of miR-223 did not affect the production of
TGF-β from T cells upon activation by anti-CD3 and anti-
CD28 antibody in the presence of IGF-1 (Fig. 7a,b). We also
investigated the direct effect of miR-223 on the expression
of cytokines genes. We found that transfection of miR-223
alone to normal T cells did not affect the mRNA expression
levels of IL-17, TNF-α, IL-1β and IL-10 (Fig. 7c).

Microarray analysis of gene expression in T cells from
RA patients and controls compared to the prediction
targets of miR-223 and miR-34b

It has been shown that the effect of miRNA on gene expres-
sion was largely through the degradation of mRNA [24].
Therefore, we analysed the gene expression profile of T cells
from three RA patients and three controls (Fig 8a), and

compared the profile to the predicted targets of miR-223
and miR-34b. Among the predicted targets of miR-223, the
mRNA expression of (CSPG5) was decreased significantly
in RA T cells compared with normal T cells. Among the
predicted targets of miR-34b, the mRNA expression of
SCD5, MUTED, PTPLAD1 and KBTBD6 was decreased sig-
nificantly in RA T cells in the microarray study (Fig. 8b).
After validation, only the expression levels of SCD5 were
significantly lower in RA T cells compared with the controls
(fold change 0·47; P < 0·05; Fig. 8c). A diagram summariz-
ing the results is shown in Fig. 8d.

Discussion

Li et al. [25] and Niimoto et al. [26] reported that several
miRNAs, including miR-146a/b, let-7a, miR-26, miR-150,
miR-155, miR-363 and miR-498, were expressed differen-
tially in RA T cells. These miRNAs were all included in the
270 miRNAs screened in the present study. However, only
miR-223 and miR-34b expression levels were increased sig-
nificantly in RA T cells. Notably, some false-positive and
false-negative results might have occurred in the screening
phase with our small sample size. In addition, differences in
many parameters, such as detection methodology, cell
subpopulations (IL-17-producing T cells, CD4+ T cells or
total T cells) and a patient population with different genetic
backgrounds, disease activity or medication use in RA
patients might have potentially affected the expression pro-
files of the miRNAs.

The increased expression of miR-223 in RA T cells was
consistent with several previous studies. Fulci et al. [15]
found that the expression levels of miR-223 were increased
in RA T cells. Increased expression of miR-223 was detected
in both T cells [27] and sera [28] from patients with the
early RA. The increased expression of miR-223 was also
found in RA synovial tissues [29]. Pandis et al. [30] also
showed that the expression of miR-223 was increased in
synovial fluid in a human tumour necrosis factor transgenic
mouse model. However, there were some debates on the
role of miR-223 in the pathogenesis of RA. Shibuya et al.
[31] demonstrated the over-expression of miR-223 sup-
pressed osteoclastogenesis in vitro. Sugatani et al. [32]
showed that miR-223 could block osteoclast differentiation,
perhaps providing a benefit for RA patients. Conversely, Li
et al. [33] demonstrated that silence of miR-233 expression
eventually reduced the disease severity in collagen-induced
arthritis. Our study provided an explanation that the
increased expression of miR-223 could impair IL-10 pro-
duction in activated RA T cells through targeting IGF-1R.

Originally, IGF-1 acts as a growth factor but it could also
antagonize the effect of several inflammatory cytokines
such as TNF-α and IL-1β [34]. Low plasma levels of IGF-1
were found in RA patients [35,36] and elevated IGF
binding-proteins further decreased the bioavailability of
IGF-1 in RA patients [37]. Dhaunsi et al. also showed an
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association between IGF-1 gene polymorphism and the
development of RA [38]. With regard to the expression of
its receptor IGF-1R, we noted that Laurberg et al. [39]
showed that the median fluorescence intensity but not the
fraction of IGF-1R+CD4+ cells was increased among CD4+ T
lymphocytes in RA patients. In contrast, using RT–PCR,
Böstrom et al. [40] demonstrated that the gene expression
of IGR-1R was decreased in synovium from RA patients
compared with those from OA patients. In our study,
IGF-1R protein expression was decreased in CD3+ T cells
from RA patients by Western blotting. Different cell origin
and detection methodology could explain this discrepancy,
reflecting the complex immunopathogenesis of RA. In this
study, we demonstrated that IGF-1 could promote the pro-
duction of IL-10 in human activated T cells, which is in
agreement with the results reported by Kooijman [23].
Regarding the IGF-1 used in this study, we tried to mimic
the in-vitro condition as much as we could. Initially, we
tested with an IGF-1 level in the range of 98–141 ng/ml

based on Friedrich et al. study in 55–59-year-old healthy
women [41]. However, we had to change the level to
50 ng/ml in consideration of the lack of IGF-1 binding
protein in our culture condition. Due to the low expression
levels of IGF-1R in RA T cells, IGF-1 did not stimulate
IL-10 production in activated RA T cells in our study as
anticipated (Fig. 6). IL-10 is a potent anti-inflammatory
cytokine involved in the control of proinflammatory
cytokine production in RA synovial tissue [42]. The imbal-
ance of proinflammatory cytokines and anti-inflammatory
cytokines, including IL-10, are well characterized in the
pathogenesis of RA [43]. The administration of IL-10 sup-
pressed joint inflammation in collage-induced arthritis [44]
and IL-10 also suppressed the expression of IL-17 in RA
patients [45].

IL-17, TNF-α and IL-1β are also important cytokines in
the pathogenesis of RA and regulate the cellular immune
responses in many dimensions, such as controlling
the development and function of the regulatory T cells,
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generating T cell memory and modulating the secretion of
cytokines [46–48]. However, we found that transfection of
miR-223 alone to normal T cells did not affect the mRNA
expression levels of IL-17, TNF-α and IL-1β.

Although the expression of miR-34b was elevated signifi-
cantly in RA T cells, the protein expression of CREB target
by miR-34b did not change in RA T cells. CREB is a tran-
scription factor, and its expression and activity have been
reported to associate with the synovial cells dysfunction in
RA patients [49]. Furthermore, CREB could enhance IL-17
production in a mouse model of atherosclerosis [50]. It is
possible that other molecules and/or signalling pathways
might compensate effectively for suppressed CREB expres-
sion by over-expressing miR-34b. In addition, miR-34b and
its family members could play important roles in
carcinogenesis via regulation of the cell cycle, apoptosis and
senescence [51]. Among the miR-34b potential target genes,
expression of the SCD5 gene was decreased significantly in
RA T cells. SCD5 is a member of stearoylCoA desaturase,
which is known to control the rate of lipogenesis, cell prolif-
eration and carcinogenesis [52]. The biological function of
SCD5 on T cell function is unknown, and further studies
will be needed to clarify its roles in the pathogenesis of RA.

In conclusion, we found that increased expression of
miR-223 suppresses IGF-1R expression and decreased
IGF-1 mediated IL-10 production in RA T cells. However,
the immunopathogenetic roles of SCD5, targeted by miR-
34b, in RA T cells will require further investigation.
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