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Abstract: Activated synovial fibroblasts in rheumatoid arthritis (RASF) play a critical role in the pathology of rheuma-
toid arthritis (RA). Recent studies suggested that deregulation of microRNAs (miRs) affects the development and 
progression of RA. Therefore, we aimed to identify de-regulated miRs in RASF and to identify target genes that may 
contribute to the aggressive phenotype of RASF. Quantitative real-time PCR revealed a marked downregulation of 
miR-188-5p in synovial tissue samples of RA patients as well as in RASF. Exposure to the cytokine interleukine-1β 
lead to a further downregulation of miR-188-5p expression levels compared to control cells. Re-expression of miR-
188-5p in RASF by transient transfection significantly inhibited cell migration. However, miR-188-5p re-expression 
had no effects on glycosaminoglycan degradation or expression of repellent factors, which have been previously 
shown to affect the invasive behavior of RASF. In search for target genes of miR-188-5p in RASF we performed 
gene expression profiling in RASF and found a strong regulatory effect of miR-188-5p on the hyaluronan binding 
protein KIAA1199 as well as collagens COL1A1 and COL12A1, which was confirmed by qRT-PCR. In silico analysis 
revealed that KIAA1199 carries a 3’UTR binding site for miR-188-5p. COL1A1and COL12A1 showed no binding site 
in the mRNA region, suggesting an indirect regulation of these two genes by miR-188-5p. In summary, our study 
showed that miR-188-5p is down-regulated in RA in vitro and in vivo, most likely triggered by an inflammatory envi-
ronment. MiR-188-5p expression is correlated to the activation state of RASF and inhibits migration of these cells. 
Furthermore, miR-188-5p is directly and indirectly regulating the expression of genes, which may play a role in ex-
tracellular matrix formation and destruction in RA. Herewith, this study identified potential novel therapeutic targets 
to inhibit the development and progression of RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoim-
mune inflammatory disease affecting synovial 
joints eventually leading to cartilage degrada-
tion and loss of flexibility of the joints. However, 
the origin of RA still remains unknown [1]. 
Synovial fibroblasts (SF) are key players in the 
development of RA. Activated SF in RA (RASF) 
are localized in the hyperplastic synovium of 
patients with RA. Supported by adhesion mol-
ecules, RASF attach to cartilage and release 
matrix-degrading enzymes like MMP3 [2], 
thereby destructing the joint [3]. Compared to 
normal synovial fibroblasts (nSF), RASF display 
‘tumor-like’ features and show increased migra-

tion and invasiveness into cartilage [4]. Over 
the past 2 years, major advances have contin-
ued to emerge in understanding of the relation-
ship between synovial fibroblasts and the regu-
lation of inflammatory pathways in the rheuma-
toid arthritis synovium [5], but the exact mecha-
nisms still remain elusive.

In recent years, microRNAs (miRs) have been 
shown to play an important role for the develop-
ment and progression of RA. MiRs are 18-22 
nucleotides long RNA molecules, regulating sta-
bility and translation of messenger RNA (mRNA). 
Together with argonaute proteins, miRs can be 
loaded into a RNA-induced silencing complex 
(RISC), and the miRNA/RISC complex then can 
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bind to the target mRNAs. Depending on per-
fect or imperfect complementarity to their tar-
get 3’UTR binding sites, miRNA/RISC can either 
lead to degradation or inhibition of translation 
of target mRNAs. Several studies suggested 
that miRs, regulated via inflammatory signals, 
may provide new targets for RA therapy [6, 7]. 
For example, reduced expression of miRs 
results in up-regulation of their target genes 
due to less microRNA induced mRNA degrada-
tion. In the context of inflammatory lung diseas-
es, decreased expression of miR-25, miR-140, 
miR-188, and miR-320 induced by pro-inflam-
matory stimuli was found [8]. 

As pro-inflammatory cytokines play a crucial 
role in RA, the regulation of miRs and their tar-
get genes via these cytokines could contribute 
to the activation of SF. However, for the up-reg-
ulation of activation-related genes in RASF, 
responsible miRs would have to be down-regu-
lated in these cells. Therefore, the aim of this 
study was to find microRNAs which are down-
regulated in early passage RASF and to identify 
target genes that may contribute to the aggres-
sive phenotype of RASF. Furthermore, the role 
of cytokines like IL-1β in the context of RASF 
associated microRNA dysregulation was 
addressed. 

Material and methods

Cell culture

Synovial tissue samples from patients with RA 
were obtained immediately after opening the 
knee joint capsule as previously described [9]. 
RASF were cultured in DMEM (Sigma-Aldrich, 
St. Louis, Missouri, USA) supplemented with 
10% fetal calf serum (FCS, PAN Biotech, 
Aidenbach, Germany) and penicillin and strep-
tomycin (P/S, PAA). The cell line HSE (immortal-
ized RASF) and K4Im (immortalized nSF) were 
also cultured in DMEM (plus 10% FCS and P/S). 
All cells were incubated under humid condi-
tions in a 5% CO2 incubator at 37°C. Synovial 
tissue harvesting and processing was in accord 
with the guidelines of Office for Human 
Research Protections (OHRP) Human Subject 
Protections. 

Transfection experiments

Cells were transfected using Lipofectamine® 
RNAiMAX Transfection Reagent (Life technolo-

gies, Carlsbad, California, USA) according to the 
manufacturer’s protocol. 100,000 to 200,000 
cells were transfected with 90 pmol hsa-miR-
188-5p mimic (Qiagen, Hilden, Germany) and 
the respective control (Qiagen) for 3 times over 
7 d or mirVana™ hsa-miR-188-5p inhibitor (Life 
technologies) or the control (Life technologies) 
for 72 h. 

Isolation of total RNA, reverse transcription 
and quantitative real-time PCR

Total cellular RNA was isolated from cultured 
cells using the Total RNA Kit (VWR, Darmstadt, 
Germany) and cDNAs were generated by 
reverse transcriptase reaction as described 
previously [10]. Real-time quantitative PCR 
(qRT-PCR) was performed using SYBR Green 
master mix (QIAGEN) with the following primer 
pairs: Collagen1A1 (5’-CGG CTC CTG CTC CTC 
TT-3’ and 5’-GGG GCA GTT CTT GGT CTC-3’), 
Collagen12A1 (5’-TGA GGC AGA AGT TGA CCC 
AC-3’ and 5’-GTA GGC CCA TCC GTT GTA GG-3’), 
ROBO3 (5’-ACA TCC CTC AGG AGA TCT GG-3’ 
and 5’-TCA CTT TGC CTC CCT TGG-3’), UNC5B 
(5’-GAC GAA TTC GCC GCG GGA GCA TGG-3’ 
and 5’-GAC GAA TTC TAA TCC TCC AGC CCA AAG 
AGC-3’), UNC5C (5’-GAC GAA TTC ACG ATG AGG 
AAA GGT CTG CG-3’ and 5’-GAC GAA TTC GTC 
TCA TCT GGA TTT CCT CCT C-3’), Gremlin2 (5’-
CGC TTC TCT TAT GGG CGT CT-3’ and 5’-CCA 
GAA CAT CCT GCA ATG ACG-3’), Integrin-α7 (5’-
GCT GTG GCT GCC CTC CAT CCC TTC-3’ and 
5’-CCC TCT AGG TTA AGG CAC TTC CGG G-3’) 
and KIAA1199 (5’-TCT CTG CCA GAT ACA GCC 
CT-3’ and 5’-AGG GCC CCA GAT CCT ATT GT-3’). 
Relative gene expression was normalized to 
β-actin (5’-CTA CGT GGC CCT GGA CTT CGA 
GC-3’ and 5’-GAT GGA GCC GCC GAT CCA CAC 
GG-3’) mRNA levels using the comparative 
cycle threshold (Ct) method.

Isolation of miRNA, reverse transcription and 
quantitative real-time PCR

MicroRNA was isolated using mirVana™ miRNA 
Isolation Kit (Life technologies). Reverse tran-
scription was performed using mirVanaTM qRT-
PCR miRNA Detection Kit (Life technologies) 
and specific primers for hsa-miR-188-5p (5’-
CGC GCC TGC AGG TCG ACA ATT AAC CCT CAC 
TAA AGG GCC CCT CCU CCU TG-3’). Quantitative 
RT-PCR was performed on a LightCycler (Roche, 
Mannheim, Germany) using 10 μl N’, N’-dime- 
thyl-N-[4-[(E)-(3-methyl-1,3-benzothiazol-2-yli-
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dene)methyl]-1-phenylquinolin-1-ium-2-yl]-N-
propylpropane-1,3-diamine (SYBR) MIX (Ta- 
KaRa, Shiga, Japan) [4] and a specific Primer 
for miR-188-5p (5’-GTA ATA CGA CTC ACT ATA 
GGG AGA AGA GCA UCC CUU GCA-3’).

Protein isolation and western blot analysis

Protein extracts from primary cells and cell 
lines were homogenized in 100 µl or 200 μl 
RIPA-buffer (50 mM Tris-HCl pH 7.5; 150 mM 
NaCl; 1% (w/v) Nonidet® P40; 0.5% (w/v) sodi-
um deoxycholate; 0.1% (w/v) SDS; protease 
inhibitors), respectively. Insoluble fragments 
were removed by centrifugation at 13000 rpm 
for 10 min. The supernatant was stored at 
-20°C. For western blot, protein lysates were 
separated on 10% SDS-PAGE gels and blotted 
onto a PVDF membrane. After blocking with 5% 
milk powder/TBS-T (1%), primary antibodies 
were applied (anti-KIAA1199 (Sigma-Aldrich), 
1:3,000; anti-ß-Actin, 1:4,000). Alkaline phos-
phatase-conjugated anti-rabbit antibody 
(1:4,000, Cell Signaling Technology, Boston, 
USA) or anti-mouse antibody (1:3,000, 
Chemicon/Millipore, Darmstadt, Germany) 
served as secondary antibodies. Protein bands 
in western blots were quantified using comput-
er based colorimetric quantification analysis 
(ImageJ, by Wayne Rasband).

Migration assays using the xCELLigence sys-
tem

Migratory potential was determined using CIM 
plates in the xCELLigence System of Roche 
Diagnostics (Penzberg, Germany) as described 
before [11]. The experiments were performed 
with 20,000 cells per 100 μl per well. Cell 
migration was analyzed for up to 8 h in the 
xCELLigence instrument.

Cartilage destruction assay

Cartilage was obtained from donors after 
informed consent and approval of the local eth-
ics committee. Normal cartilage with no signifi-
cant softening or surface fibrillation was 
obtained during autopsy within 48 h after 
death. Chondrocytes in the cartilage were 
destroyed by storage at -80°C before use. SF in 
early passages, 50,000 cells per attempt, were 
incubated with 8 pieces of cartilage of 2 mm3 in 
400 μl of medium for 10 days as described pre-
viously [4]. After 5 and 10 days, the superna-
tant was collected and amounts of glycosami-

noglycans (GAG) were determined using the 
sGAG quantitative kit (Euro-Diagnostica, 
Malmo, Sweden). Each attempt was performed 
three times with different donors of SF and 
measured as duplicates.

Cytokine stimulation assay

Cytokine stimulation with IL-1β was performed 
as described previously [12]. Briefly, 6.5x104 
cells were seeded in 6-well plates until a conflu-
ency of 80% was reached. Afterwards, cells 
were stimulated with 10 U/ml recombinant 
human (rh) IL-1β· for 24-48 h. The DMSO con-
centration within each sample including nega-
tive controls was adjusted equally. RhIL-1β· was 
purchased from PAN Biotech.

Expression profiling

Gene expression profile of early or late passage 
RASF, transfected with either hsa-miR-188-5p 
or anti-miR-188-5p, respectively, was deter-
mined using GeneChip® PrimeView™ Human 
Gene Expression Array (Affymetrix, Santa Clara, 
CA, USA). 

Statistical analysis

Results are expressed as mean ± standard 
deviation or mean ± standard error of the 
mean, respectively. Comparison between 
groups was made using the Student’s unpaired 
t-test or one-way or two-way ANOVA, if appropri-
ate. P-values below 0.05 was considered as 
statistically significant (ns: non-significant, 
*p<0.05). All calculations were performed 
using the GraphPad Prism Software (GraphPad 
Software, Inc., San Diego, CA, USA).

Results

Decreased expression of microRNA-188-5p in 
RA

Because RASF show de-regulated mRNA 
expression patterns as compared to normal 
synovial fibroblasts (nSF), we searched for a 
general mechanism responsible for this phe-
nomenon. MicroRNAs (miRs) provide a ubiqui-
tous and conserved machinery to simultane-
ously regulate the expression of several pro-
teins in a cell. Therefore, the expression levels 
of different miRs were analyzed. As mentioned 
above, decreased expression of miR-25, miR-
140, mir-188, and miR-320 induced by pro-
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inflammatory stimuli was found in the context 
of inflammatory lung disease [8]. In RA, the 
synovia of joints also represents an inflamma-
tory environment and could therefore lead to 
de-regulation of miRs in RASF. Quantitative 
RT-PCR revealed a decreased expression of 
hsa-miR-188-5p in aggressive RASF as com-
pared to long-time cultivated (and less aggres-
sive) RASF in late passages (Figure 1A). The 
lowest expression of hsa-miR-188-5p was 
found in samples isolated directly from synovial 
tissue of RA patients, supporting the hypothe-
sis that the inflammatory environment in joints 
of these patients is involved in the down-regula-
tion of hsa-miR-188-5p (Figure 1A). 

Influence of interleukin-1-beta (IL-1β) on mi-
croRNA-188-5p expression 

Because microRNAs can be regulated by inflam-
matory signals [6-8], we examined miR-188-5p 
expression after stimulation with IL-1β. After 
exposure to IL-1β, RASF showed approximately 
20% decreased miR-188-5p expression levels 
(Figure 1B) with a strong trend to statistical sig-
nificance (p=0.05000). Treatment with tumor 
necrosis factor alpha (TNF-α) showed similar 
results (data not shown). 

MicroRNA-188-5p regulates migration of RASF

A reduced expression of miRs can result in up-
regulation of target genes due to less microRNA 
induced mRNA degradation. Therefore, we 
hypothesized that diminished miR-188-5p 
expression might contribute to up-regulation of 
genes that are involved in RASF associated car-

tilage destructive mechanisms such as migra-
tion and glycosaminoglycan degradation. We 
once re-expressed miR-188-5p in early pas-
sage (ep) aggressive RASF (showing low levels 
of miR-188-5p). Furthermore, we down-regulat-
ed miR-188-5p in late passage (lp) less aggres-
sive RASF (showing high levels of miR-188-5p 
as compared to ep-RASF, Figure 1A). Inte- 
restingly, re-expression via transient transfec-
tion of a miR-188-5p-mimic (premiR-188-5p) in 
ep-RASF markedly reduced migration analyzed 
with the xCELLigence system (Figure 2A). Here, 
we used a common method by analyzing the 
slope caused by the increasing cell index 
(induced by migration of cells). Migration of 
aggressive ep-RASF was significantly reduced 
after miR-188-5p re-expression (Figure 2C). 
Correspondingly, inhibition of enhanced miR-
188-5p expression in less aggressive lp-RASF 
with transient transfection of a miR-188-5p 
inhibitor (antimiR-188-5p) resulted in elevated 
migration of lp-RASF as compared to control-
treated lp-RASF, indicating a conversion into a 
more aggressive phenotype (Figure 2B). Again, 
the slope depicting the increasing cell index 
was significantly enhanced in antimiR-188-5p 
treated lp-RASF (Figure 2C).

MicroRNA-188-5p does not affect glycosami-
noglycan degradation

As cartilage destruction via glycosaminoglycan 
(GAG) degradation depicts a crucial pathomech-
anism in RA, we performed a cartilage destruc-
tion assay to examine a possible regulation via 
miR-188-5. However, in contrast to migration, 
transient transfection of miR-188-5p in ep-

Figure 1. Expression of microRNA-188-5p in RA cells and tissues and influence of interleukin-1β on mirRNA-188 
expression in RA cells. A: Hsa-miR-188-5p expression was determined in isolated activated synovial fibroblasts in 
rheumatoid arthritis (RASF) in early passages (ep) and late passages (lp) as well as in RA synovial tissue by qRT-
PCR. B: miR-188-5p expression in RASF after exposure to interleukin-1β (IL-1β) and control cells (CTL) analyzed by 
qRT-PCR. *: p<0.05; ns: non-significant.
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RASF or antimiR-188-5p in lp-RASF did not sig-
nificantly affect GAG degradation (Supp- 
lementary Figure 1A). This leads to the assump-
tion that miR-188-5p regulates migration but 
not GAG degradation in RASF in vitro. 

MicroRNA-188-5p does not influence repellent 
factors

Changes of the expression of repellent factors, 
i.e., Netrins and their receptors, may be respon-
sible for the invasive behavior of the synovial 
tissue cells in patients with RA [4, 13, 14]. 
RASF are known to have an aggressive pheno-
type in vivo and in early passages also in vitro 
and several genes have been shown to be dif-
ferentially regulated in early passage RASF 
compared to RASF in late passages. Examples 
are the repellent receptors roundabout 
(ROBO3), axon guidance receptor, homolog 3 
(Drosophila) or unc-5 homolog B or C (C. ele-
gans) (UNC5B/C)]. Interestingly, in silico analy-
sis showed that the repellent factors of the 
Netrin family, ROBO3, UNC5B and UNC5C have 
a predicted 3’UTR binding site for the miR-188-
5p in common. However, transfection of miR-
188-5p or antimiR-188-5p in ep-RASF or lp-
RASF, respectively, revealed no regulation of 
these repellent factors via miR-188-5p on the 
mRNA level (Supplementary Figure 1B).

Gene expression array indicates targets of 
microRNA-188-5p in RASF

To identify target genes of the hsa-miR-188-5p, 
late passage RASF (lp-RASF) or aggressive 
early passage RASF (ep-RASF) were transfect-
ed with anti-miR-188-5p or miR-188-5p, 
respectively. Subsequently, a GeneChip® 
PrimeView™ Human Gene Expression Array 
was performed. Out of the numerous genes 
found to be regulated by miR-188-5p (data not 
shown), we focused our further analysis on 
those genes, which were down-regulated by 
hsa-miR-188-5p. In silico analysis of the 3’UTRs 
of the most strongly regulated genes predicted 
binding sites for the hsa-miR-188-5p in the 
3’UTR of KIAA1199, GREM2 and ITGA7 (Figure 
3A). COL1A1and COL12A1 showed also strong 
regulation by miR-188-5p but had no binding 
site in the mRNA region, suggesting indirect 
regulation of these two genes. 

MicroRNA-188-5p regulates KIAA1199, 
COL1A1and COL12A1 in RASF

Next, we wanted to confirm the data from the 
gene expression array and in silico analysis by 
qRT-PCR analysis. We focused on genes which 
showed the strongest regulation and genes 
that are known to be involved in RA or other 
inflammatory disease (see discussion). RASF in 

Figure 2. MicroRNA-188-5p regulates migration in 
RASF. A: Migration of early passage (ep) activated sy-
novial fibroblasts in rheumatoid arthritis (RASF) tran-
siently transfected with a miR-188-5p-mimic (premiR-
188-5p) in comparison to control cells analyzed with 
the xCELLigence system. B: Migration of late passage 
(lp) RASF transiently transfected with a miR-188-5p 
inhibitor (antimiR-188-5p) in comparison to control 
cells. C: The slope of the curves depicting the increas-
ing cell index (caused by migrating cells) over a time 
period (slope*time+intercept) summarizes migration 
of premiR-188-5p (188) or antimiR-188-5p (anti-188) 
treated cells in comparison to control treated cells (CTL 
or anti-CTL, respectively). *: p<0.05.
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early passage (ep-RASF) were transfected with 
hsa-miR-188-5p and RASF in late passages (lp-
RASF) were transfected with anti-miR-188-5p, 
respectively. To compare the qRT-PCR results 
of both ep-RASF and lp-RASF, we used the quo-
tient of the PCR expression values for lp-RASF 
(1/antimiR). A significant, approximately 90% 
down-regulation was observed for KIAA1199, 
which shows a predicted binding site for 
miR-188-5p in its 3’UTR (Figure 3A). In con-
trast, ITGA7 and GREM2 expression was not 
significantly altered by hsa-miR-188-5p (Figure 
3B). Moreover, COL1A1 and COL12A1 mRNA 
levels were markedly down-regulated after miR-
188-5p transfection (Figure 3B). In summary, 
qRT-PCR analysis supports that KIAA1199 is a 
direct target of miR-188-5p. Also ITGA7 and 
GREM2 exhibit binding sites for miR-188-5p in 
their 3’UTR and the gene expression array 
showed their regulation. However, we could not 
confirm their regulation on the mRNA level via 
miR-188-5p in qRT-PCR analysis. On the con-
trary, COL1A1 and COL12A1 were also con-
firmed to be regulated by miR-188-5p in qRT-
PCR (approximately 80% and 70% down-regula-
tion, respectively). However, these genes do not 
reveal 3’UTR binding sites for the miR-188-5p 
in silico, which suggests an indirect mechanism 
of regulation. 

KIAA1199 is a target of microRNA-188-5p in 
RA

We further focused on KIAA1199 because of 
its strong regulation after hsa-miR-188-5p 
transfection on the mRNA level detected by 
qRT-PCR, its potential direct regulation via the 
3’UTR binding site, and its possible role in RA 
and hyaluronic acid degradation [15]. We ana-

lyzed KIAA1199 expression in early passage 
RASF after transfection with miR-188-5p con-
trol or miR and found a strong regulation of the 
expression of KIAA1199 on protein levels in 
RASF from two different donors (Figure 4) con-
firming that KIAA1199 is directly regulated by 
miR-188-5p in RA. 

Discussion

Synovial fibroblasts in rheumatoid arthritis 
(RASF) are known to have an aggressive pheno-
type in vivo, which is also seen in vitro in early 
cell passages. Several genes have been shown 
to be differentially regulated in early passages 
of RASF compared to RASF in late passages, 
e.g. the repellent receptors roundabout 
(ROBO3), axon guidance receptor, homolog 3 
(Drosophila) or unc-5 homolog C (C. elegans) [3, 
9]. However, the exact mechanisms for de-regu-
lation of gene expression in RASF still remain 
elusive. Recently, several studies indicated that 
microRNAs (miRs) are involved in disease devel-
opment and progression and to play a crucial 
role as small molecular regulators in RA. 
Several authors suggest that miRs, regulated 
via inflammatory signals, may provide new tar-
gets for RA therapy [6, 7]. Therefore, the pur-
pose of this study was to find microRNAs which 
are down-regulated in early passage RASF and 
to identify target genes that may contribute to 
the aggressive phenotype of RASF. Furthermore, 
we addressed the role of cytokines like IL-1β in 
the context of RASF associated microRNA 
dysregulation. 

We founs that mirR-188-5p is down-regulated 
in RA in vitro (RASF) and in vivo (RA synovia tis-
sue), most likely triggered via an inflammatory 

Figure 3. MicroRNA-188-5p inhibits KIAA1199, CO-
L1A1and COL12A1 in RASF. A: The 3’UTRs of KIAA1199, 
ITGA7 and GREM2 mRNAs have predicted binding sites 
for the miR-188-5p. B: qRT-PCR analysis of KIAA1199, 
ITGA7, GREM2, COL12A and COL1A1 mRNA expression 
levels in (i) early passage RASF after transfection with 
either miR-188-5p or (ii) late passage RASF after trans-
fection with anti-miR-188-5p as compared to controls 
(CTL). *: p<0.05; ns: non-significant.
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environment. Moreover, miR-188-5p expres-
sion is correlated to the activation state of 
RASF and inhibits migration but not GAG degra-
dation in RASF. Finally, miR-188-5p directly tar-
gets the hyaluronan binding protein KIAA1199 
and indirectly regulates COL12A1 and COL1A1. 

Since decreased expression of several miRs 
induced by pro-inflammatory stimuli was found 
in the context of inflammatory lung disease [8], 
we examined the expression levels of different 
miRs in RA synovial tissue and in early passage 
(ep) RASF, which are known to have a more 
aggressive phenotype as compared to late pas-
sage (lp) RASF. Here, we could identify miR-
188-5p to be significantly down-regulated in RA 
synovial tissue samples and most interestingly, 
ep-RASF also showed about 50% decreased 
miR-188-5p expression levels as compared to 
lp-RASF. The 50% decreased miR-188-5p 
expression in ep-RASF as compared to lp-RASF 
did not reach statistical significance due to 
large standard deviation. We think that this 
might be explained by the fact that we have flu-
ent passages between an early passage RASF 
and a late passage RASF state in vitro. However, 
the tendency seems to be apparent, and corre-
sponds well with the very low and significantly 
decreased miR-188-5p expression in RA syno-
via tissue (Figure 1). 

MicroRNAs can be regulated by inflammatory 
signals [6-8]. In line with this, RASF exposed to 
IL-1β showed an approximately 20% decrease 
miR-188-5p expression levels although this 
down-regulation did not reach statistical signifi-

cance (p=0.05000). However, in vivo, RASF are 
exposed to a strongly pronounced inflammato-
ry environment with a mixture of hundreds of 
pro-inflammatory signals as compared to our in 
vitro setting. Thus, the cytokine induced down-
regulation of miR-188-5p may be much more 
prominent in vivo. 

As the aggressive phenotype of RASF is associ-
ated with their passage in cell culture and 
diminishes during the course of in vitro cultiva-
tion [4], the inverse correlation between aggres-
sive phenotype and miR-188-5p expression 
levels suggests a regulatory role of miR-188-5p 
in RASF biology. Indeed, re-expression experi-
ments showed that transfection of miR-188-5p 
significantly reduced in vitro migration of early 
passage RASF, whereas inhibition of miR-188-
5p led to increased aggressiveness regarding 
migratory activity in late passage RASF. The 
effects of enhancing migration in lp-RASF were 
significant but less pronounced than the effect 
of migration in ep-RASF. This might be due to 
the non-inflammatory environment in cell cul-
ture, which normally contributes to the aggres-
sive phenotype of RASF in vivo. We think that 
this might also explain why the knock-down of 
miR-188-5p seems to play a central role in the 
activation of RASF in vivo by up-regulation of 
several genes, e.g. KIAA1199, but it did not 
prove to reduce cartilage destruction of RASF 
in vitro. 

Interestingly, miR-188 was recently shown to 
play a role in regulation in osteoarthritis in a 
bioinformatics approach [16], a disease also 

Figure 4. KIAA1199 is a target of microRNA-188-5p in RA. A: Western blot analysis of Kiaa1199 protein expression 
in early passage (ep) activated synovial fibroblasts in rheumatoid arthritis (RASF) of two donors after transfection 
with miR-188-5p. B: Colorimetric based quantification analysis (ImageJ) of western blot analysis of Kiaa1199 pro-
tein expression in premiR-CTL vs. premiR-188-5p treated ep-RASF. D1/D2: RASF Donor 1/Donor 2. *: p<0.05.
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exposing an inflammatory environment in 
joints. Another study revealed an up-regulation 
of miR-188 under mechanical stress in renal 
podocytes, hinting to a potential protective role 
in response to kidney injury [17]. MiR-188 was 
also found to be involved in dendritic cell plas-
ticity by targeting neuropilin-2 [18] and to play a 
role in the regulation of bone regeneration [19] 
as well as peripheral nerve regeneration after 
injury [20]. A genome wide miRNA screen also 
showed involvement of miR-188 in controlling 
human ovarian cell proliferation and apoptosis 
[21]. Strong down-regulation of miR-188 was 
also found to be associated with cardiac remod-
eling in chronic heart failure [22]. Recently, 
miR-188 was even shown to be de-regulated in 
nasopharyngeal carcinoma and exerts antican-
cer effects via down-regulation of multiple 
G1/S related cyclin/CDKs and Rb/E2F signal-
ing pathway in nasopharyngeal carcinoma [23]. 
Finally, as mentioned, decreased expression of 
miR-188 induced by pro-inflammatory stimuli 
was found in the context of inflammatory lung 
disease [8], strongly resembling our results of 
down-regulation in inflammatory joint disease. 
Together, all of these studies indicate that miR-
188 is a potent regulator of cellular functions 
such as regeneration, proliferation, migration, 
apoptosis and inflammation, making this 
microRNA very interesting in the context of RA 
and RASF. 

Searching for possible target genes of miR-
188-5p via gene expression arrays and subse-
quent qRT-PCR confirmation, we also identified 
COL12A1 and COL1A1 to be down-regulated 
after miR-188-5p transfection, most likely due 
to an indirect mechanism, because these two 
genes do not exhibit predicted binding sites for 
miR-188-5p in their 3’UTRs. Both COL12A1 
[24] and COL1A1 [25] are considered as pro-
fibrotic genes associated with TGF-β and IL-6 in 
inflammatory diseases and eventually leading 
to enhanced fibrosis and tissue stiffening as 
seen in synovia from RA patients. Thus, the 
indirect down-regulation of these two genes 
seems to be of high relevance concerning miR-
188-5p induced regulation in RA. 

In addition, gene expression arrays revealed 
three strongly regulated genes with predicted 
3’UTR binding sites (KIAA1199, ITGA7 and 
GREM2). Of these, KIAA1199 mRNA levels 
were down-regulated significantly as measured 
by qRT-PCR with subsequent confirmation of 

decreased Kiaa1199 protein levels. This 
strongly suggests its involvement in the miR-
188-5p associated regulation of RASF. Since 
we indeed could show marked inhibition of 
migration of aggressive early passage RASF 
and enhanced migration of antimiR-188-5p 
treated late passage RASF, it appears of high 
relevance that KIAA1199 has recently been 
identified as hyaluronan binding protein 
involved in hyaluronan depolymerization [15, 
26, 27]. Therefore, KIAA1199 is one of the fac-
tors mediating aggressiveness in terms of 
migration potential and cartilage destruction of 
RASF. However, the regulation of KIAA1199 has 
not been analyzed in RA so far, whereas the 
role of KIAA1199 and its regulation in different 
kinds of cancer were published in the last 
years. Here, most interestingly, KIAA1199 was 
highly expressed in gastric cancer, and was 
associated with prognosis and lymph node 
metastasis [28]. Furthermore, KIAA1199 
knockdown attenuates the effects of the Wnt/
β-catenin signalling and decreased the prolif-
eration of colon cancer cells [29]. Recently, 
KIAA1199 was described as an oncogenic pro-
tein induced by HPV infection and constitutive 
NF-κB activity that transmits pro-survival and 
invasive signals through EGFR signaling [30] 
and to play an important role in breast tumor 
growth and invasiveness [31]. Most interest-
ingly, strongly supporting our data, KIAA1199-
enhanced cell migration and silencing of 
KIAA1199 in breast cancer cells resulted in a 
mesenchymal-to-epithelial transition that 
reduced cell migratory ability in vitro and 
decreased metastasis in vivo [32]. Therefore, 
reduced levels of miR-188-5p in aggressive 
(early passage) RASF could lead to reduced 
inhibition KIAA1199, thereby promoting migra-
tion and invasiveness of RASF, contributing to 
progression of RA. In contrast, re-expression of 
miR-188-5p significantly down-regulated 
KIAA1199 mRNA and protein levels and inhib-
ited in vitro migration markedly. 

In summary, we report miR-188-5p to be down-
regulated in RA tissue and in early passage 
RASF as compared to late passage (less 
aggressive) RASF, contributing to the regulation 
of RASF. Furthermore, we identify COL12A1, 
COL1A1 and, most interestingly, the hyaluro-
nan depolimerization associated protein 
KIAA1199 as indirect or direct targets of miR-
188-5p, respectively. Moreover, we found that 
miR-188-5p exerts strong migration inhibiting 
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effects on early passage RASF in vitro and 
thereby contributes to the aggressiveness of 
these cells. Together, these findings indicate 
the miR-188-5p-KIAA1199-axis as a promising 
novel therapeutic target in RA. 
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Supplementary Figure 1. MiR-188-5p influence on glycosaminoglycan degradation and on repellent factors. A: 
Amounts of glycosaminoglycans (GAG) in the supernatant of early passage activated synovial fibroblasts in rheuma-
toid arthritis (RASF) or late passage RASF transiently transfected with miR-188-5p or antimiR-188-5p or controls 
(CTL), respectively, after 5 and 10 days (d). B: ROBO3, UNC5B and UNC5C mRNA levels as measured by qRT-PCR 
in early passage RASF or late passage RASF transiently transfected with miR-188-5p or antimiR-188-5p or controls 
(CTL), respectively. neg: negative; ns: non-significant.


