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TLR2 Expression Is Regulated by MicroRNA miR-19 in

Rheumatoid Fibroblast-like Synoviocytes

Lucas Philippe,*,† Ghada Alsaleh,*,† Guillaume Suffert,‡ Alain Meyer,*,† Philippe Georgel,x

Jean Sibilia,*,† Dominique Wachsmann,*,† and Sébastien Pfeffer‡

Resident cells, such as fibroblast-like synoviocytes (FLS), play a crucial role in rheumatoid arthritis (RA). They are implicated in

the inflammatory response and play a key role in osteoarticular destruction. Moreover, RA FLS spread RA to unaffected joints.

Pathogen-associated molecular patterns and damage-associated molecular patterns have been found to activate RA FLS by

interacting with pattern recognition receptors, such as TLR. RA FLS express a large number of TLR, and TLR2 was demon-

strated to be involved in RA inflammation. Because microRNA have emerged as important controllers of TLR expression and

signaling, the aim of this study was to evaluate their potential involvement in the control of TLR2 expression by RA FLS. We first

showed that Tlr2 expression is strongly upregulated in RA FLS in response to TLR2 ligands. Using a microRNA microarray

analysis, we identified one miRNA in activated RA FLS, miR-19b, which was downregulated and predicted to target Tlr2 mRNA.

Downregulation of miR-19b and miR-19a, which belongs to the same cluster, was confirmed by real-time quantitative PCR.

Transfection of RA FLS with miR-19a/b mimics decreased TLR2 protein expression. In parallel, we found that both IL-6 and

matrix metalloproteinase 3 secretion was significantly downregulated in activated FLS transfected with either mimic. Moreover,

using a luciferase assay, we showed that miR-19a/b directly target Tlr2 mRNA. Taken together, our data point toward an

important role for miR-19a/b in the regulation of IL-6 and matrix metalloproteinase 3 release by controlling TLR2 expression,

as well as provide evidence that miR-19a/b can act as negative regulators of inflammation in humans. The Journal of Immu-

nology, 2012, 188: 454–461.

R
heumatoid arthritis (RA) is a systemic inflammatory

disease that predominantly affects multiple peripheral

joints. It is characterized by synovial inflammation, as

well as bone and cartilage destruction. The development of RA is

thought to result from interactions between genetic and environ-

mental factors. Molecules of microbial origin have been found in

the joints of patients (1, 2), where they trigger inflammation by

activating various pattern recognition receptors. In addition, these

pattern recognition receptors can be activated by noninfectious

molecular patterns or damage-associated molecular pattern mol-

ecules, which are generated upon tissue injury. These include cel-

lular components released from necrotic cells (HMGB1, micro-

particles), extracellular molecules upregulated upon injury (Hsps,

ATP, S100 proteins), or extracellular matrix fragments, such

as tenascin (3).

The TLR family is one of the best-characterized groups of in-

nate immune receptors in term of described ligands, signaling path-

ways, and functional relevance. TLRs are expressed both by immune

cells and by resident cells of the joint, such as fibroblast-like syno-

viocytes (FLS), which play a crucial role in RA. FLS are implicated

in the inflammatory response essentially by synthesizing cytokines,

chemokines, prostanoids, NO, and proangiogenic factors (4–6). FLS

also play a key role in osteoarticular destruction and take part in

the differentiation and activation of osteoclasts by the RANK-

RANK ligand pathway and through the release of PGE2 and IL-6

(7). Moreover, synovial fibroblasts spread RA to unaffected joints

(8, 9). RA FLS express a large number of TLRs, such as TLR1,

TLR2, TLR3, TLR4, TLR5, TLR6, and TLR7. In basal con-

ditions, RA FLS express Tlr3 and Tlr4, as well as Tlr2 and Tlr6

mRNAs (10).

With the assistance of the scavenger receptor CD36, TLR2

is implicated in cytokine and matrix metalloproteinase (MMP) re-

lease in response to ligands from Gram+ bacteria, such as glyco-

lipids, lipopeptides, or GPI-anchored structures. Interestingly, TLR2

is the most significantly induced TLR in FLS treated with cyto-

kines, such as TNF-a and IL-1b, or with TLR ligands, such as

polyinosinic-polycytidylic acid, bacterial lipoprotein (BLP), and

LPS (11). In addition, TLR2 levels are higher in macrophages

isolated from RA synovium compared with macrophages isolated

from control synovium (12). Further evidence for the involvement

of TLR2 in RAwas obtained in a mouse model of arthritis induced

by streptococcal cell wall, in which animals deficient for Tlr2

were shown to develop reduced symptoms (13). Recent data
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suggested a potential role for TLR2 as a therapeutic target. Indeed,

Rabeximod suppresses arthritis downstream of TLR2 stimulation

by preventing the activation of inflammatory cells, most likely

macrophages, in a time-dependent fashion (14). OPN301, a TLR2-

specific mAb inhibits TLR2-mediated proinflammatory cytokine

production (15). AP177, a molecule selected by the systema-

tic evolution of ligands by exponential enrichment method, was

demonstrated to antagonize TLR2 signaling by binding directly

to TLR2 and to suppress IL-6 and IL-8 release by activated

cells (16).

It appears that the level of TLR2 needs to be tightly controlled to

avoid a scenario where its deregulated expression will amplify the

deleterious effect of inflammation on cell integrity. The modulation

of gene expression can take place at several levels, among which

regulation by microRNAs (miRNA) has gained increased interest

in the recent years. miRNA are an evolutionarily conserved class of

endogenous small noncoding RNAs. They are produced from long

precursor molecules by the consecutive action of the RNase III

enzymes Drosha and Dicer, before being loaded on an Argonaute

protein within the RNA-induced–silencing complex. The mature

miRNA acts a guide for RNA-induced–silencing complex to

mediate destabilization and/or translational repression of target

mRNAs (17, 18). The regulation of miRNA expression is itself

controlled at various levels, such as transcription, processing, or

stability (19), and can be influenced by various stress factors,

including inflammation (20). In addition, emerging data have iden-

tified an important contribution of miRNA to the development

and control of the inflammatory response that position these small

noncoding RNAs at the heart of feedback and feed-forward loops

controlling the inflammation process in both immune and non-

immune cells. Thus, inflammatory stimuli in pulmonary cells in-

duce expression of miR-146a, which, in turn, promotes transla-

tional silencing of IL-8 and RANTES (21). Overexpression of

miR-9 by activation of NF-kB leads to a feedback control of NF-kB–

dependent acute inflammatory response (22). miR-147, which is

induced by multiple TLR stimulation, attenuates TLR-induced

inflammatory response in macrophages (23).

These data indicated that miRNA can exert negative effects in

inflammatory pathways and this prompted us to look for miRNA

directly targeting TLR2 and controlling cytokine release in re-

sponse to TLR2 stimulation. In this article, we show that stimu-

lation of RA FLS with BLP and LPS induces a decrease in ex-

pression of miR-19a and -19b and that this decrease is associated

with upregulation of TLR2. Furthermore, we demonstrate that

TLR2 is a direct target of miR-19a and -19b and that the down-

regulation of miR-19b in BLP-activated RA FLS is associated with

an increase in IL-6 and MMP3 release.

Materials and Methods
Reagents

Cell culture media (RPMI 1640, M199, and DMEM), FCS, L-glutamine,
penicillin, streptomycin, amphotericin B, and TRIzol reagent were from
Invitrogen (Cergy-Pontoise, France). LPS from Salmonella abortus equi

was obtained from Sigma (Saint-Quentin-Fallavier, France). Synthetic
bacterial lipopeptide Pam3CSK4 (BLP) was obtained from EMC Micro-
collections (Tübingen, Germany). The Lightcycler Faststart DNA Master
SYBR Green and the miScript System, miRNA mimics, and AllStars
negative control small interfering RNA (siRNA) were obtained from
Qiagen (Courtabeuf, France). Human Dermal Fibroblast Nucleofector kit
was from Amaxa (Cologne, Germany). The enzyme immunoassay kits
for human IL-6 and MMP3 detection were from R&D (Lille, France).
Throughout this study, buffers were prepared with apyrogenic water ob-
tained from Braun Medical (Boulogne, France). Anti-TLR2 mouse IgG
mAbs were from Imgenex, and anti-GAPDH mouse IgG mAbs were from
Millipore (Molsheim, France).

Cell culture

Human FLSwere isolated from synovial tissues from four RA patients at the
time of knee joint arthroscopic synovectomy, as described previously, after
informed consent was obtained (24). The diagnosis conformed to the re-
vised criteria of the American College of Rheumatology (25). FLS cultures
were done, as previously described (26). Experiments were performed
between passages three and nine. During that time, cultures consisted of
a homogeneous population of fibroblastic cells, negative for CD16 as
determined by FACS analysis. HEK293 cells were purchased from the
American Type Culture Collection and maintained in DMEM supple-
mented with 10% heat-inactivated FBS, 2 mM L-glutamine, 40 U/ml
penicillin, and 50 mg/ml streptomycin. Cell number and cell viability
were checked by the MTT assay.

Stimulation of cells for total RNA extraction

FLS (106 cells) were stimulated with 2 ml medium alone or medium
containing LPS (1 mg/ml) and BLP (1 mg/ml). After a 6- and 24-h incu-
bation period, total RNAwas extracted using TRIzol reagent, according
to the manufacturer’s instruction.

Luciferase reporter constructs

To generate luciferase-based reporter plasmids, psiCHECK-2 (Promega)
was modified by inserting the Gateway cassette C.1 (Invitrogen) at the 39
end of the firefly luciferase gene (f-luc) into the Xba I site of psiCHECK-2.
The 39 untranslated region (UTR) sequence of Tlr2 was amplified from
HEK293 cell genomic DNA; after addition of attB1 and 2 sequences, the
resulting PCR products were cloned into pDONR/Zeo and then recom-
bined in the modified psiCHECK-2 vector using Gateway technology
(Invitrogen). The following primer sequences were used (sense and anti-
sense primers are indicated in this respective order, and the anchor se-
quence used for the nested PCR is underlined): TLR2: 59-AAAAAG-
CAGGCTTCCCATATTTAAGACCAGTCTTTGT-39 and 59-AGAAAGC-
TGGGTTGTAAAGTTTAATAGGAAATACACAGC-39 and attB1/2: 59-
ACAAGTTTGTACAAAAAAGCAGGCT-39 and 59-ACCACTTTGTAC-
AAGAAAGCTGGGT-39.

The target seed sequence was modified using the QuickChange II
Site-Directed Mutagenesis kit (Stratagene) and the following primers:
59-GATCAAGTCCCTTATAAGAGTGGCATAGTAAAACGTAATAACC-
TGTGTACATTCT-39 and 59-AGAATGTACACAGGTTATTACGTTTTA-
CTATGCCACTCTTATAAGGGACTTGATC-39.

Real-time quantitative PCR

Total RNA isolated from FLS was reverse transcribed using the First-Strand
cDNA Synthesis Kit, according to the manufacturer’s instructions (Invi-
trogen). Real-time quantitative PCR (RT-qPCR) was performed in a total
volume of 20 ml using SensiMix Plus SYBR kit (Quantace; Corbett Life
Science) and gene-specific primers: Tlr2, 59-GGCCAGCAAATTACCT-
GTGT-39 and 59-CTCCAGCTCCTGGACCATAA-39; Gapdh, 59-GGTG-
AAGGTCGGAGTCAACGGA-39 and 59-GAGGGATCTCGCTCCTGGA-
AGA-39; pri-miRNA 17– 92, 59-TGGTTTATAGTTGTTAGAGTTTGA-
GG-39 and 59-TCAGTTTTACAAGGTGATGTTCTCTT-39; Tlr4, 59-GGT-
GGGAATGCTTTTTCAGA-39 and 59-AATTGCCAGCCATTTTCAAG-39;
and Il-6, 59-TCACTGGTCTTTTGGAGTTTGA-39 and 59-AGAGCCCTC-
AGGCTGGACT-39.

After an initial denaturing at 96˚C for 10 min, the temperatures used
were 95˚C for 10 s, 60˚C for 15 s, and 72˚C for 25 s for Gapdh and Tlr2
using a Rotor-Gene 6000 real-time PCR machine (Corbett Life Science).
Amplification products were detected as an increased fluorescent signal of
SYBR Green during the amplification cycles. Results were obtained using
SDS Software (Perkin Elmer) and evaluated using Excel (Microsoft).
Melting-curve analysis was performed to assess the specificity of PCR
products.

RT-qPCR analyses for miRNA were performed using the miScript
System and the primers (Qiagen). RNA concentrations were determined
with a NanoDrop instrument (NanoDrop Technologies). Five hundred
nanograms of RNA/sample was used for the assays. Reverse-transcriptase
reactions and RT-qPCR were performed according to the manufacturer’s
protocols. Expression of endogenous U6snRNA was used for normaliza-
tion. Relative expression was calculated using the comparative threshold
cycle method.

Transfections and luciferase assay

Transient transfection of FLS with miR-19a and miR-19b mimics and
Dicer siRNA (20 pM/sample) or with the AllStars negative-control siRNA
was performed using the Human Dermal Fibroblast Nucleofector kit
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from Amaxa, as previously described (27). FLS were then plated in 24-
well plates (23 105 cells per well). All assays were performed at 48 h post-
transfection. Transfection efficiency was evaluated with the PmaxGFP vector.

Transfection of HEK293 cells plated in 24-well plates (2 3 105 cells
per well) with reporter constructs and miR-19b/a mimics (200 nM) was
performed using Lipofectamine 2000 (Invitrogen). After 48 h, cells were
washed and lysed with passive lysis buffer (Promega), and firefly luciferase
(f-luc) and Renilla luciferase (r-luc) activities were determined using
the dual-luciferase reporter assay system (Promega) and a luminometer
(Glomax; Promega). The relative reporter activity was obtained by nor-
malization to r-luc activity.

IL-6 and MMP3 release was measured in culture supernatants by a
heterologous two-site sandwich ELISA, according to the manufacturer’s
instructions.

Western blot

A total of 106 cells (FLS) was incubated for 24 h with BLP (1 mg/ml).
Controls were performed with cells maintained in medium with 5% heat-
inactivated FCS for 24 h. After stimulation, cells were centrifuged, and the
pellets were suspended for 20 min on ice in 300 ml ice-cold lysis buffer
(1% Triton X-100, 20 mM Tris-HCl [pH 8], 130 mM NaCl, 10% glycerol,
1 mM sodium orthovanadate, 2 mM EDTA, 1 mM PMSF, and protease
inhibitors). Lysates were centrifuged for 10 min at 14,000 3 g at 4˚C, and
supernatants were subjected to SDS-PAGE and transferred electrophoret-
ically to polyvinylidene difluoride membranes. Membranes were blocked
using 1% BSA in TBS (20 mM Tris [pH 7.5], 150 mM NaCl) for 1 h at
25˚C. The blots were incubated with anti-TLR2 mouse IgG1 mAbs (IMG-
319, clone 1030A5.138; Imgenex) for 2 h at 25˚C, followed by incubation
with HRP-conjugated goat anti-mouse IgG mAbs (1 h at 25˚C) and detection
by ECL (Amersham ECL Plus Western blotting Detection Reagents),
according to the manufacturer’s instructions. To confirm the presence of
equal amounts of proteins, bound Abs were removed from the membrane
by incubation in 0.2 M glycine [pH 2.8] 0.5 M NaCl for 10 min at room
temperature and reprobed with anti-GAPDH mouse mAbs (clone 6C5;
Millipore).

Statistical analysis was performed using the Student t test. Values were
compared between different groups in the experiment. The p values, 0.05
were considered statistically significant.

Results
LPS and BLP treatments increase expression of TLR2 in RA

FLS

We first showed that the expression of Tlr2 mRNA is significantly

enhanced in RA FLS treated with LPS and BLP. RA FLS were

stimulated for 6 h with LPS from S. abortus equi (1 mg/ml) or with

BLP (1 mg/ml), and RT-qPCR was performed on RNA isolated

from both control and activated cells. We observed a 17–20-fold

increase in Tlr2 transcripts in response to LPS and BLP treatment

(Fig. 1A). In accordance with previous observations from other

investigators (11), Tlr4 mRNA expression was only slightly af-

fected by LPS or BLP treatment (Fig. 1B). To determine whether

increased Tlr2 mRNA expression correlated with enhanced TLR2

protein expression, we performed Western blotting experiments.

As shown in Fig. 1C, stimulation of RA FLS with either LPS or

BLP led to an increased expression of TLR2. As expected from

the moderate modification of Tlr4 mRNA expression after LPS

and BLP activation, TLR4 protein expression was not modified

(data not shown).

Role of miRNA in the regulation of TLR2 expression in RA FLS

To investigate the importance of miRNA in the control of TLR2

expression in RA FLS, we first used a global approach by eval-

uating the role of Dicer. Dicer is a cytoplasmic RNase III type

endonuclease, required for the generation of most miRNA (28). RA

FLS were transfected with an siRNA targeting Dicer at a con-

centration of 100 nM. A plasmid encoding the GFP protein was

used to evaluate transfection efficiency. As assessed by RT-qPCR,

Dicer mRNA expression level was efficiently downregulated upon

transfection of Dicer-specific siRNA (Fig. 2A). Transfection of

Dicer siRNA, but not of a nontargeting control siRNA, upregu-

lated Tlr2 mRNA expression in RA FLS (Fig. 2B). Interestingly,

Dicer knockdown did not impact Tlr4 mRNA (Fig. 2C).

miR-19b is downregulated in LPS- and BLP-activated RA FLS

Next, we searched for miRNA exhibiting misregulated expression

in activated versus nonactivated RA FLS. For this, we analyzed

the miRNA-expression profile of LPS-activated RA FLS using a

DNAmicroarray containing 409 nucleotide probes complementary

to miRNA of human origin, which was performed previously in our

laboratory. The microarray data were submitted to the Minimum

Information About Microarray Experiment database under ac-

cession number E-MEXP-1970 (http://www.ebi.ac.uk/microarray-

as/aer/login) (27). After LPS challenge, this initial screening

identified 17 downregulated miRNA, which are listed in Table I.

An online search of the miRNA target database microCosm

(http://www.ebi.ac.uk/enright-srv/microcosm/htdocs/targets/v5)

predicted several miRNA candidates involved in Tlr2 targeting.

miR-19b (indicated in gray in Table I) was the only miRNA

predicted to target Tlr2 and downregulated on the microarray

analysis. Interestingly, miR-19b, together with miR-19a, which

differs by only one nucleotide, was among the top 10 predictions

of the algorithm.

We first performed an RT-qPCR analysis to confirm the down-

regulation of miR-19b observed with the microarray analysis. As

FIGURE 1. Effect of BLP and LPS on TLR2 and

TLR4 expression by RA FLS. Tlr2 mRNA (A)

and Tlr4 mRNA (B) expression was determined

by quantitative RT-PCR in RA FLS stimulated

with BLP (1 mg/ml), LPS (1 mg/ml), and medium (C)

for 6 h. Results were normalized to Gapdh and

expressed as fold change compared with samples

from cells incubated in medium (C). C, TLR2 and

TLR4 expression in RA FLS, 24 h after stimulation

with BLP, LPS, and medium (C), was determined by

Western blotting with anti-TLR2 Abs. For protein

loading control, membranes were reprobed with

anti-GAPDH Abs. Data are expressed as the mean of

triplicate samples 6 SD and are representative of

three independent experiments. **p , 0.01, ***p ,

0.001.
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shown in Fig. 3A, miR-19b was strongly downregulated in re-

sponse to both LPS and BLP (Fig. 3A). Given the high sequence

homology between miR-19a and miR-19b, it is difficult to esti-

mate which of the two was detected by PCR. The primary tran-

script containing miR-19b derives from two genomic loci, which

give rise to two miRNA clusters: mir-17–92 on chromosome 13

and mir-106a–363 on chromosome X (Fig. 3B). To confirm the

specific downregulation of miR-19b, we measured the expression

of its pre-miRNA, pre–miR-19b-1, and found that it was also

significantly downregulated upon BLP or LPS treatment (Fig. 3C).

To assess whether the regulation of miR-19b was occurring at

a transcriptional level, we used RT-qPCR to measure the expres-

sion level of pri-miRNA 17–92 in RA FLS and found that it was

downregulated in response to BLP and LPS (Fig. 3D). This result

also indicated that both miR-19a and -19b must be downregulated

after LPS and BLP treatment. We failed to detect the cluster 106a–

363 or the pre–miR-19b-2 (data not shown), which indicated that

only the cluster on chromosome 13 is expressed in FLS cells.

In oral keratinocytes stimulated with heat-inactivated Porphyro-

monas gingivalis, miR-105 inversely regulates Tlr2 expression;

this was demonstrated to occur through binding to the 39-UTR

of Tlr2 mRNA, thereby inhibiting its translation (29). miR-105

was not expressed in unstimulated RA FLS, as assessed by RT-

qPCR, and activation with LPS or BLP did not modulate its ex-

pression (data not shown).

miR-19a and miR-19b modulate TLR2 expression in BLP-

activated RA FLS

miRNA mediate posttranscriptional regulation via either mRNA

destabilization or translation inhibition. To test whether miR-19b

and miR-19a have an effect on the level of Tlr2 mRNA, we

measured its expression by RT-qPCR in RA FLS transfected with

miR-19b or miR-19a mimics. A plasmid encoding GFP was

cotransfected to evaluate transfection efficiency. Forty-eight hours

after transfection, cells were stimulated with BLP for 24 h. No

significant difference in Tlr2 mRNA expression was found in cells

transfected with the miR-19a or -19b mimics compared with cells

transfected with the control mimics (Fig. 4A). The upregulation of

Tlr2 mRNA after BLP treatment was not affected by the over-

expression of miR-19a or -19b (Fig. 4A). We also measured the

stability of Tlr2 mRNA by incubating BLP-treated cells for 2–4 h

with 5 mg/ml actinomycin D. After 4 h of actinomycin D treat-

ment, Tlr2 mRNA was still detectable in BLP-activated FLS

treated with either control or miR-19b mimics (Fig. 4B).

We next tested whether expression of miR-19b and miR-19a

affected TLR2 protein levels in RA FLS. We transfected control

or miR-19b mimics in RA FLS, activated them with BLP or LPS,

and measured TLR2 protein expression byWestern blotting. As can

be seen in Fig. 4C, we found that overexpression of miR-19b led to

a global decrease in TLR2 protein in protein extracts from BLP-

and LPS-activated cells (2- and 3-fold, respectively, as determined

by densitometry analysis). These results indicated that miR-19a

and miR-19b likely regulate the expression of TLR2 at the trans-

lational level.

miR-19a and miR-19b repress IL-6 and MMP3 production in

BLP-activated RA FLS

To examine the consequence of Tlr2 regulation by miR-19a and

-19b, we next tested whether their overexpression could affect Il-6

mRNA expression and IL-6 release in BLP-activated RA FLS.

IL-6 is a cytokine with widespread activities, is one of the central

FIGURE 2. miRNA regulate Tlr2 expression in RA

FLS. RA FLS were transfected with siRNA Dicer

or siRNA control and then incubated 48 h post-

transfection with medium for 6 h. A, Dicer mRNA

levels were determined using RT-qPCR. Tlr2 (B) and

Tlr4 (C) mRNA expression was determined by RT-

qPCR in RA FLS transfected with siRNA Dicer or

siRNA control. Results were normalized to Gapdh and

expressed as fold change compared with samples from

cells incubated in medium. Data are expressed as the

mean of triplicate samples 6 SD and are representa-

tive of three independent experiments. *p , 0.05,

**p , 0.01.

Table I. Downregulated miRNA following LPS activation of RA FLS

Name Mean

hsa-mir-494 0.679
hsa-mir-335 0.556
hsa-mir-633 0.467
hsa-mir-29b 0.645
hsa-let-7a 0.374
hsa-mir-99a 0.695
hsa-mir-22 0.684
hsa-mir-21 0.657
hsa-mir-299 0.719
hsa-mir-24 0.714
hsa-mir-19b 0.675
hsa-mir-203 0.609
hsa-mir-222 0.690
hsa-mir-656 0.517
hsa-let-7e 0.760
hsa-mir-620 0.549
hsa-mir-320 0.325

Mean expression was obtained from microarray data collected previously (38).

The Journal of Immunology 457



mediators of inflammation, plays a major role in RA, and is an

important therapeutic target (30). We measured Il-6 mRNA levels

in RA FLS transfected with either miR-19a or miR-19b mimics

for 48 h and then activated with BLP for 6 h. Compared with the

control, we observed that transfection of miR-19a and miR-19b

mimics impaired the induction of Il-6 mRNA expression in re-

sponse to BLP (Fig. 5A). A similar experiment was performed

with LPS instead of BLP; however, in this case, cells transfected

with the miR-19a and -19b mimics showed no alteration in Il-6

mRNA expression in response to LPS (Fig. 5B). In parallel, we

measured the secretion of IL-6 by ELISA and found that it was

significantly downregulated in BLP-activated FLS transfected

with miR-19a and -19b mimics (Fig. 5C) but was not modified in

LPS-activated FLS (Fig. 5D). We also measured the secretion of

MMP3, which is one of the major MMPs involved in invasion and

cartilage destruction in RA. We found that, as for IL-6, MMP3

secretion was downregulated in BLP-activated FLS transfected

with miR-19a and -19b mimics (Fig. 5E) but was not modified in

LPS-activated FLS (Fig. 5F). Taken together, these data demon-

strated that the Tlr2 regulation by miR-19a and -19b has an effect

on IL-6 and MMP3 release by BLP-activated RA FLS.

miR-19a and miR-19b directly regulate TLR2 expression

To verify whether the predicted binding site for miR-19a or -19b

within Tlr2 mRNA was functional (Fig. 6A), we generated lu-

ciferase reporter constructs (psiCHECK-2) that contain the fire-

fly luciferase gene fused to the entire 39-UTR of Tlr2 and the

Renilla luciferase for normalization. We also generated lucifer-

ase reporter constructs in which we inserted a mutant version of

Tlr2 39-UTR to disrupt the predicted binding site for miR-19a

or -19b. Before testing these constructs in HEK293 cells, we

measured the expression levels of miR-19a and -19b in these cells.

As can be seen in Fig. 6B, HEK293 cells express much higher

levels of both miRNA than RA FLS. Therefore, we cotransfected

the psiCHECK-2 constructs with control or miR-19a and -19b

antisense 29O-methylated oligoribonucleotides. In the presence of

specific antisense oligonucleotides, we observed an upregulation

of the Tlr2 39-UTR–controlled luciferase sensor but not of the

luciferase sensor fused to the mutated Tlr2 39-UTR (Fig. 6C).

Altogether, these data suggested that Tlr2 mRNA is a direct target

for posttranscriptional regulation by miR-19a and miR-19b.

Discussion
We and other investigators reported that in RA FLS, TLR2 sig-

naling was increased in response to LPS and BLP and that this

could be involved in the inflammatory response in RA (31). Be-

cause the most obvious point to control this pathway is at the

level of receptor expression, this study was aimed at identifying

whether miRNAs might be involved in the control of Tlr2 ex-

pression. Our results established that stimulation of RA FLS with

BLP and LPS decreases miR-19a and -19b expression, which

correlates with upregulation of Tlr2. Furthermore, our results in-

FIGURE 3. miR-19b is downregulated

in LPS- and BLP-activated RA FLS. A,

MiR-19b expression was determined by

RT-qPCR in RA FLS stimulated with

BLP (1 mg/ml) and LPS (1 mg/ml) for

6 h. U6snRNA was used as endogenous

control for data normalization. The con-

trol (C) corresponded to untreated cells.

B, Schematic representation of mir-17–

92 cluster on chromosome 13 and mir-

106a–363 cluster located on chromo-

some X. pre–miR-19b1 (C) and mir-17–

92 cluster (D) expression was determined

by RT-qPCR in RA FLS stimulated with

BLP (1 mg/ml), LPS (1 mg/ml), or me-

dium (C) for 6 h. Results were nor-

malized to U6snRNA and expressed as

fold change compared with samples from

cells incubated in medium. Data are

expressed as the mean of triplicate sam-

ples 6 SD and are representative of three

independent experiments. *p , 0.05,

**p , 0.01, ***p , 0.001.

FIGURE 4. miR-19a and -19b transfection affects Tlr2 mRNA trans-

lation in RA FLS. A, FLS were transfected with miR-19a and -19b mimics

or with a negative control (control). Forty-eight hours later, cells were

activated with BLP (1 mg/ml) for 24 h. Control cells were incubated for 24

h with medium (C). Tlr2 mRNA expression was determined by RT-qPCR.

Results were normalized to Gapdh and expressed as fold change compared

with samples from cells incubated in medium. B, Tlr2 mRNA expression

was determined by RT-qPCR in RA FLS transfected with miR-19b mimics

or with a negative control. Transfected cells were activated with BLP 48 h

posttransfection for 6 h and then incubated for another 2 and 4 h with

actinomycin D. C, TLR2 expression was detected using Western blotting

with anti-TLR2 Abs in FLS transfected with miR-19a and -19b mimics or

with an AllStars negative control siRNA (control). Forty-eight hours

posttransfection, FLS were either incubated in medium (C) or activated

with BLP (1 mg/ml) or LPS (1 mg/ml) for 24 h. For protein-loading

control, membranes were reprobed with anti-GAPDH Abs. Data are

expressed as the mean of triplicate samples 6 SD and are representative

of three independent experiments.
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dicated that suppression or induction of miR-19a and -19b caused

reciprocal alterations in IL-6 release induced by BLP-mediated

TLR2 activation.

Many studies showed that TLR stimulation can modulate

miRNA expression. Usually, miRNA are upregulated in response

to TLR2 and TLR4 activation, and this is the case for miR-155,

FIGURE 5. miR-19a/b repress IL-6 and MMP3 production in BLP-activated RA FLS. Il-6 mRNA expression was determined by RT-qPCR in RA FLS

transfected with miR-19a and -19b mimics or with an AllStars negative control siRNA (control) and then activated (for 6 and 24 h) with BLP (1 mg/ml) (A) or LPS

(1 mg/ml) (B) for 48 h posttransfection. Control cells were incubated with medium (C). Results were normalized to Gapdh and expressed as fold change compared

with samples from cells incubated in medium (C). C and D, IL-6 release was determined by ELISA in culture supernatants after stimulation of RA FLS in the

same conditions as in A and B. E and F, MMP3 release was determined by ELISA in culture supernatants after stimulation of RA FLS in the same conditions as in A

and B. Data are expressed as the mean of triplicate samples6 SD and are representative of three independent experiments. *p, 0.05, **p, 0.01, ***p, 0.001.

FIGURE 6. miR-19a and -19b directly regulate TLR2 expression. A, Sequence alignment of miR-19a and -19b and their target sites in the 39-UTR of Tlr2

mRNA. B, miR-19a and -19b relative expression levels were determined by RT-qPCR in RA FLS and HEK293 cells. U6snRNA was used as endogenous

control for data normalization. C, miR-19a and -19b directly target the 39-UTR of Tlr2 mRNA. Luciferase reporter constructs with wild-type or mutated

sequence (for miR-19a and -19b binding sites) were generated. HEK293 cells were transiently cotransfected with reporter constructs and eithermiR-19a or -19b

antisense molecules. Luciferase activities were measured 48 h after transfection and normalized to luciferase expressed by the control psiCHECK-2 vector

devoid of 39-UTR sequences. Data are expressed as the mean of triplicate samples6 SD and are representative of three independent experiments. *p, 0.05.
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miR-146, miR-147, and miR-9 (32). Moreover, we previously dem-

onstrated that miR-346 is upregulated in RA FLS in response to

LPS and that this upregulation participated in the control of Il-

18 and Tnf-a mRNA stability and cytokine release (27, 33). Con-

versely, we found in this study that activation of TLR2 and TLR4

by their respective ligands led to a downregulation of miRNA,

including miR-19a and miR-19b, by a currently unidentified mech-

anism. This regulation has a proinflammatory effect because it allows

an increase in TLR2 expression. Such a decrease was also observed

for other miRNA, such as let-7i, miR-125b, and miR-98, in response

to TLR4 stimulation (32).

An important observation in this study is that the effect of miR-

19a and -19b on TLR2 expression occurs at a translational level in

RA FLS. Although transfection of miR-19a and -19b mimics had

no significant impact on Tlr2 mRNA levels, it caused a decrease

at the protein level, as shown by Western blotting. In addition,

inhibition of miR-19a and -19b with antisense oligonucleotides

significantly increased the activity of a luciferase reporter con-

taining the 39-UTR of Tlr2. A mutation in the binding sequence

completely abrogated the regulation of the luciferase reporter by

miR-19a and -19b. These results indicated that, in BLP-activated

RA FLS, miR-19a and miR-19b play a role in the control of TLR2

expression by regulating mRNA translation.

There is only limited evidence that TLR are directly regulated

by miRNA (32). Nevertheless, it was shown that Tlr4 mRNA

is regulated by members of the let-7 miRNA family. let-7i was

downregulated in cholangiocytes in response to Cryptosporidium

parvum, which resulted in upregulation of TLR4 expression (34).

The mRNA-encoding TLR4 can also be targeted by others iso-

forms of the let-7 family, such as let-7e (35).

Modulation of TLR2 expression in human gingival epithelial

cells by miR-105 was reported recently (29). The investigators

showed that regulation occurs via binding to the 39-UTR of Tlr2

mRNA, leading to translational inhibition. They also found that

miR-19b was differentially expressed but to a lesser extent than

miR-105. In contrast to this study, we could not detect expression

of miR-105 in nonactivated or activated RA FLS. Tlr2 39-UTR has

overlapping binding sites for miR-19 and miR-105 (miR-19: nt

335–358 and miR-105: nt 331–355), indicating that this binding

site is accessible in vivo and plays a critical role in the post-

transcriptional regulation of Tlr2 mRNA. Why is miR-105 not

expressed in FLS? miR-105 is located on Xq28 in the intronic

region of Gabra3A gene. Lee et al. (36) reported that miR-105

belongs to a group of miRNA that are detectable in their mature

form only in certain cell types and tissues, whereas their pre-

cursors are expressed in all or most cell/tissues. This could explain

the differential expression of miR-105 between epithelial cells and

FLS.

miR-19 belongs to the cluster mir-17–92, which is located

within the nonprotein-coding gene C13orf25 at 13q31.3. Essential

roles for this cluster in the development of heart, lungs, and

B cells were recently established. Mouse embryos lacking this

cluster are characterized by a deficiency of pre-B cells but not

earlier B cell progenitors, whereas other hematopoietic cells are

largely unaffected (37). In humans, the cluster mir-17–92 is am-

plified in several types of lymphoma, solid tumors, and neuro-

blastoma and plays a key role in the control of cell cycle and cell

death (38). In particular, miR-17 and miR-20a target p21 and the

proapoptotic factor Bim (39), and recent data from Mestdagh et al.

(40) indicated that this cluster is a potent inhibitor of TGF-b

signaling by acting on TGFBR2, SMAD2, and SMAD4.

In this study, we found that the expression of the mir-17–92

cluster was downregulated in BLP-activated RA FLS and that

the expression of one of its paralogs, the mir-106a–363 cluster,

is undetectable. Unlike the mir-17–92 cluster, this cluster is most

often undetectable or expressed at trace levels in various cell

types, which indicates that it might have more cell-specific

functions. This also suggests that the mir-106a–363 cluster plays

no role in regulating the expression of TLR2 in RA FLS. It is also

worth noting that the mir-17–92 cluster contains multiple miRNA

of the miR-19 family; according to in silico predictions, these

miRNA should have a redundant activity. Indeed, both miR-19a

and miR-19b acted on TLR2 protein expression, as observed in

our experiments. This raises the possibility that the expression of

Tlr2 mRNA may be subjected to a regulation by multiple miRNA

of a same cluster, which might increase the efficiency of this

regulation.

The role of the mir-17–92 cluster in inflammation is largely

unknown. miR-19a, which is overexpressed in esophageal squa-

mous cell carcinoma, was recently shown to directly target Tnf-a

mRNA (41). Results obtained in our study demonstrated that miR-

19a and miR-19b negatively regulate the synthesis of IL-6, be-

cause their overexpression leads to a strong reduction in IL-6

synthesis in BLP-activated RA FLS. These data indicated that

these two miRNAs are anti-inflammatory and that their down-

regulation in response to TLR2 stimulation is crucial for the de-

velopment of an inflammatory response. This effect is exclusively

dependent of TLR2 regulation, because the transfection of miR-

19a and -19b in FLS stimulated with LPS (which triggers TLR4

signaling) had no effect on IL-6 synthesis. IL-6 is a major cyto-

kine implicated in RA and a current therapeutic target (30). This

cytokine was recently shown to be directly targeted by two

miRNA: let-7 and miR-365 (42–44). IL-6 can also be indirectly

regulated, as demonstrated by Stanczyk et al. (45), who linked the

expression levels of IL-6 to that of miR-203. Moreover, we also

showed that miR-19a and miR-19b regulate the expression of

MMP3 and that their downregulation will promote cartilage in-

vasion and destruction. Our results demonstrated a new way of

controlling the synthesis of IL-6 and MMP3 by modulating the

expression of TLR2.

Taken together, our data point toward an important role for

miR-19a and miR-19b in the regulation of IL-6 and MMP3

release by controlling TLR2 expression. Our findings provide clear

evidence that miR-19a and miR-19b, which are induced by bacterial

ligands, can act as negative regulators of inflammation in humans.
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Name down-regulated Name up-regulated 

hsa-let-7a 0,37375 miR-10a 6,618 

hsa-let-7e 0,75975 miR-30b 2,53 

miR-15a 0,68 miR-30c-2,miR-30c-1 2,949 

miR-19b 0,67475 miR-30d 7,818 

miR-21 0,6565 miR-100 2,9945 

miR-22 0,6835 miR-346 5,054 

miR-24 0,7135 miR-411 2,099 

miR-29b 0,64525 miR-487b 3,2535 

miR-99a 0,695 miR-508 2,637 

miR-203 0,609 miR-563 2,1465 

miR-222 0,68975 miR-585 2,6035 

miR-299 0,719 miR-596 2,7935 

miR-320 0,3245     

miR-335 0,5555     

miR-494 0,6785     

miR-633 0,4665     

miR-620 0,549     

miR-656 0,517     
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LE CLUSTER MIR-1792, ROLE DANS LA 

REGULATION DE LA REPONSE INFLAMMATOIRE 
AU COURS DE LA POLYARTHRTITE RHUMATOÏDE 

 

 

 
La polyarthrite rhumatoïde (PR) est la maladie auto-immune la plus fréquente avec une prévalence 
de 1%. Les cellules résidentes de la cavité synoviale, les fibroblast-like synoviocytes (FLS), sont des 
acteurs majeurs de la PR. Leur activation par des récepteurs de l’immunité innée participe à 
l’acquisition d’un phénotype agressif menant à la destruction ostéo-articulaire. Dans cette étude, 
nous avons évalué le rôle régulateur de miARN sur les voies de signalisation des TLR L’activation 
de TLR2 et de TLR4 dans les FLS induit la diminution de plusieurs miARN, dont miR-19a et b (miR-
19), alors que TLR2 est surexprimé. Nous avons pu ainsi montrer que miR-19 régule Tlr2 et que la 
transfection de mir-19 dans les FLS activés induit une diminution de l’expression de TLR2 et de la 
synthèse d’IL-6 et de MMP-3.  Mir-19 appartient au cluster miR-17~92, abaissée après activation 
des FLS. Il code pour 6 miARN dont miR-20a. miR-20a est également sous-régulé après activation 
de TLR2 et TLR4 dans les FLS et les THP-1. Nous avons montré que miR-20a régule l’expression 
d’Ask1, impliquée dans la voie de TLR4. La transfection de miR-20a in vitro nous a permis de 
montrer que miR-20a contrôle l’expression d’ASK1 et induit une inhibition de la synthèse de 
cytokines majeures de la PR dans les FLS et les THP-1. Des résultats équivalents ont été obtenus 
ex vivo chez la souris.  Ces travaux ont permis d’identifier dans les FLS rhumatoïdes des miARN 
anti-inflammatoires dont la baisse d’expression permet une augmentation de l’expression de TLR2 et 
d’ASK1. Ces miARN pourraient donc constituer de nouvelles cibles thérapeutiques. 
 
miARN,  Fibroblast-like synoviocyte, Toll-like receptor, polyarthrite rhumatoïde, immunité innée, maladie auto-
immune.    

 
 

 

Rheumatoid arthritis (RA) is the most frequently autoimmune disease with a prevalence of 1%. 
Resident cells of joints, the fibroblast-like synoviocytes (FLS), act as key players in RA. Their 
activation through Pattern-recognition receptors leads to an aggressive phenotype, leading in the 
osteo-articular destruction of the joints. In this study, we aimed to discuss the link between Toll-like 
receptors (TLR) and miRNA pathway. We established the down-regulation of a few miRNA when 
FLS were activated through TLR2 and TLR4, including miR-19a and miR-19b (miR-19). We showed 
that miR-19 regulates directly Tlr2 and that transfection of miR-19 mimics leads to a decrease of IL-6 
and MMP-3 synthesis in FLS. miR-19 belongs to the cluster miR-17~92, which is also down-
regulated in activated FLS. This primary transcript encodes for 6 miRNA, including miR-20a, which is 
also down regulated upon TLR2 and TLR4 activation in FLS and further in THP-1, a monocyte cell-
line. Then, we validated the predicted regulation of miR-20a on Ask1, an important kinase involved in 
TLR4 pathway. The transfection of miR-20a mimics in vitro represses ASK1 expression and inhibits 
several major cytokines in RA both in FLS and THP-1. Further, we confirmed these results on ex 
vivo experiments on peritoneal macrophages. These works allowed us to identify new anti-
inflammatory miRNA that are downregulated and allow overexpression of TLR2 and ASK1 in RA 
FLS. These results open new experiments on  in vivo models. All together, these data give new 
insights for identify new therapeutics in RA.  

miRNA,  Fibroblast-like synoviocyte, Toll-like receptor, Rheumatoid arthritis, innate immunity, auto-immune 
disease.    

 


