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Abstract: Fibroblast-like synoviocytes (FLS) play an important role in the pathogenesis of rheumatoid arthritis (RA) 
through participating in joint tissue inflammation and joint damage. MicroRNAs are a kind of small non-coding RNAs 
that can regulate gene expression in the transcription level to affect cell behaviors. This study intended to investigate 
the expression of miR-19 in FLS from RA patients and related mechanism. A total of 126 RA patients were selected 
in this study. MiR-19 expression in FLS was detected by qRT-PCR. Toll like receptor 2 (TLR2) protein expression was 
tested by Western blot. MiR-19 target genes were confirmed by bioinformatics analysis and luciferase reporter as-
say. The impact of miR-19 on the expression of TLR2, interleukin 6 (IL-6), and matrix metalloproteinase 3 (MMP-3) 
in FLS were analyzed by cell transfection and Western blot. MiR-19 expression in FLS from RA patients was signifi-
cantly downregulated compared with control (P < 0.05), while TLR2 level was increased (P < 0.05). Bioinformatics 
analysis and luciferase reporter assay confirmed that TLR2 was the target gene of miR-19. Transfection of miR-19 
mimic or miR-19 inhibitor obviously suppressed or increased TLR2 expression, and reduced or promoted release of 
cytokines IL-6 and MMP-3 in FLS, respectively. In conclusion, MiR-19 expression was downregulated in FLS from RA 
patients, leading to increased TLR2 expression and enhanced cytokines release.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune 
disease with unknown etiology. Its pathological 
processes include synovial inflammation and 
the damage of bone tissue and adjacent carti-
lage [1]. Movement function is seriously affect-
ed in advanced RA patients due to bone tissue 
destruction and joint deformity [2]. At present, 
it was thought that RA was caused by the inter-
action of genetic factors with environmental 
factors. It is still lack of effective treatment 
method, resulting in high disability rate and 
poor prognosis [3]. Numerous studies found 
that fibroblast-like synoviocytes (FLS) play a 
critical role in RA occurrence and development 
[4].

It was showed that FLS participates in cell 
inflammation through synthesizing cytokines 
and chemokines, and also involves in the pro-

cess of joint tissue damage in RA [5]. Toll like 
receptor (TLR) family protein is a kind of immune 
receptor protein expressed on immune cells 
and FLS [6]. TLR2 can promote inflammation by 
participating in the release of cytokines and 
matrix metalloproteinases (MMP) [7]. Mean- 
while, it was found that TLR2 downregulation 
alleviated inflammation in mouse arthritis 
model [8]. The abovementioned results sug-
gested that regulation of TLR expression in FLS 
was of great significance in RA treatment. 

MicroRNAs are a kind of small non-coding RNA 
molecules with hairpin structure. They can regu-
late multiple cell behaviors by regulating target 
gene expression [9]. It was found that miR-19 
may regulate TLR2 expression at posttranscrip-
tional level to participate in inflammation [10]. 
Thus, this study aimed to explore the expres-
sion of miR-19 in FLS from RA and related 
mechanism.
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Materials and methods

Object of study

A total of 126 RA patients in the General 
Hospital of Jinan Military Command between 
Jun 2008 and Dec 2014 were enrolled, includ-
ing 40 males and 86 females with a mean age 
of 56.3±10.2 (range: 36-72) years old. All sub-
jects were diagnosed according to the criteria 
published by the American rheumatism associ-
ation. Another 48 patients with osteoarthritis in 
our hospital at the same time were selected as 
controls. No statistical significance was obse- 
rved on age and gender between these two 
groups. This research was approved by the eth-
ics committee of the General Hospital of Jinan 
Military Command and all subjects had signed 
informed consents. 

FLS separation and identification

Knee joint synovial tissue was extracted during 
the arthroscopic surgery. After removing the 

attached adipose tissue and cartilage, the 
synovial tissue was washed by sterile PBS and 
DMEM. Then the tissue was cut up and digest-
ed by collagenase. The cells were collected 
through low-speed centrifugation and cultured 
in DMEM containing 10% FBS for 12 h. Next, 
the cells were washed by sterile PBS to remove 
the unattached cells and further cultured to 
obtain primary FLS [11]. The primary FLS was 
identified by morphological observation and 
whole cell immunochemical staining. FLS cells 
were in fusiform with oval nuclei located in the 
center. Whole cell immune staining showed 
positive Vimentin and low or no expression of 
CD68. 

qRT-PCR

Total RNA was extracted using RNAprep pure 
Tissue Kit (QIAGEN) for qRT-PCR analysis. The 
primers for miR-19 were designed according to 
the sequence (GeneBank: NR_029489). The 
primer sequence was listed in Table 1. PCR 
was performed using mirVanat qRT-PCR miRNA 
detection kit (Ambion), including 95°C for 3 
min, followed by 40 cycles of 95°C for 15 s and 
60°C for 30 s. U6 was selected as internal ref-
erence to calculate the relative level of miR-19 
based on 2-ΔΔCt method [12].

MiR-19 target prediction

The potential target of miR-19 was predicted 
using TargetScan Release 5.1 software (www.
targetscan.org). Luciferase reporter assay was 
applied to test the potential target of miR-19.

Luciferase reporter assay

The primers for 3’-UTR of TLR2 were designed 
according to the sequence (GeneBank: NM_ 
001318796). The primers sequence was as  
follows: 5’-AAAAAGCAGGCTTCCCATATTTAAGA- 
CCAGTCTTTGT-3’ and 5’-AGAAAGCTGGGTTG- 
TAAAGTTTAATAGGAAATACACAGC-3’. The 3’-UTR 
sequence of TLR2 mRNA was obtained by PCR 
amplification and inserted to the downstream 
of firefly luciferase gene coding region in pmir-
GLO to construct pmirGLO-TLR2 vector. Then 
the pmirGLO-TLR2 and pmirGLO vectors were 
transfected to HEK293 cells, together with 
miR-19 mimics using INTERFERinTM Polyplus 
transfection kit. HEK293 cells were purchased 
from the cell bank, Chinese academy of scienc-

Table 1. Primers sequences
Name Sequence
miR-19-F 5’ CATAGTTGCACTACAAGAAG 3’
miR-19-R 5’ GCACAACTACATTCTTCTTG 3’
U6-F 5’ CTCGCTTCGGCAGCACA 3’
U6-R 5’ AACGCTTCACGAATTTGCGT 3’

Figure 1. MiR-19 expression in FLS. Total RNA was 
extracted from FLS followed by analysis of the miR-
19 expression by qRT-PCR. *P < 0.05, compared 
with control.
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es. HEK293 cells in logarithmic phase were 
digested and seeded in 96-well plate. After cul-
tured for 24 h, cells were transfected using the 
kit according to the manual for 48 h. The fluo-
rescence intensity was analyzed by dual lucifer-
ase report gene analysis system (Promega) and 

ondary antibody (1:1000 dilution). After washed 
by PBST, the membrane was developed by DAB 
and the image was analyzed by gel imaging 
analysis system [14].

Data analysis

All data analysis was performed on SPSS 20.0 
software. The data was depicted as mean ± 
standard deviation. Statistical significance be- 
tween two treatment groups was analyzed by 
unpaired student t test. Statistical significance 
between multiple treatment groups was 
assessed by One-way ANOVA. A statistical sig-
nificance was considered as P < 0.05.

Results

MiR-19 expression in FLS from RA

FLS were isolated to extract total RNA. qRT-PCR 
detection showed that compared with osteoar-
thritis patients, miR-19 expression was obvi-
ously declined in FLS from RA patients (P < 
0.05) (Figure 1).

TLR2 expression in FLS

Western blot was applied to determine TLR2 
protein level in FLS from RA patients (Figure 2). 
It was found that TLR2 expression in FLS from 
RA patients was significantly higher than that in 
osteoarthritis patients (P < 0.05). 

Figure 2. Western blot detection of TLR2 protein expression. Whole protein 
was extracted followed by analysis of the protein expression of TLR2 by 
western blot. A: Western blot detection. B: TLR2 relative expression. *P < 
0.05, compared with control.

Figure 3. The homology between miR-19 and the 3’-UTR of TLR2.

Figure 4. Luciferase reporter assay. The 3’-UTR se-
quence of TLR2 mRNA was obtained by PCR ampli-
fication and inserted to the downstream of firefly lu-
ciferase gene coding region in pmirGLO to construct 
pmirGLO-TLR2 vector followed by transfection to 
HEK293 cells for analysis of fluorescence intensity 
by MicroLumatPlus LB96V photometer. *P < 0.05, 
compared with control. #P < 0.05, compared with 
pmir-GLO.

MicroLumatPlus LB96V pho-
tometer (Berthold) [13].

Cell transfection

To explore the impact of miR-
19 on FLS, miR-19 mimics and 
inhibitor were designed acco- 
rding to the sequence of miR-
19 and transfected to FLS.

Western blot

Total protein was extracted 
from FLS after 48 h cultivation 
and separated by SDS-PAGE. 
Then the protein was trans-
ferred to PVDF membrane and 
blocked with skim milk. Next, 
the membrane was sequen-
tially incubated with primary 
antibody and HRP labeled sec-
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The relationship between miR-19 and TLR2 
gene expression

TargetScan Release 5.1 software was adopted 
to predict the target gene of miR-19. It was 
showed that miR-19 sequence exhibited cer-
tain homology with the 3’-UTR of TLR2 mRNA 
(Figure 3), thus speculating that TLR2 gene 
may be the target gene of miR-19. Luciferase 
reporter gene system was constructed for veri-
fication (Figure 4). The fluorescence intensity 
was significantly decreased after miR-19 mimic 
transfection. On the contrary, the fluorescence 
intensity of HEK293 cells was obviously 
enhanced after miR-19 inhibitor transfection (P 
< 0.05), suggesting the 3’-UTR of TLR2 was the 
binding site of miR-19. 

The impact of miR-19 expression on TLR2

MiR-19 mimic and inhibitor were used to manip-
ulate miR-19 expression level in FLS. Total RNA 
was extracted after transfection to detect miR-
19 relative expression (Figure 5). It was showed 
that miR-19 level was increased about 2.6 
times after miR-19 mimic transfection (P < 
0.05), while it was markedly reduced after miR-
19 inhibitor transfection (P < 0.05).

Western blot was performed to detect TLR2 
expression in FLS after transfection (Figure 5). 
It was demonstrated that TLR2 level was 
declined about 76% in FLS after miR-19 mimic 
transfection (P < 0.05), whereas it was upregu-

Discussion

TLR2 is a member of TLR family that plays an 
important role in nonspecific immunity. It was 
found that TLR2 elevation may promote inflam-
mation by facilitating related cytokines rele- 
ase, including IL-1β and TNF [7]. This study 
revealed that TLR2 expression was significantly 
increased, while miR-19 level was reduced in 
FLS from RA patients, suggesting that miR-19 
may be involved in the pathological process of 
RA.

MiRNAs are a type of small non-coding RNA 
with a length of 21-25 bp that is high conserva-
tive in evolution. They play key roles in regulat-
ing cell behaviors and metabolism [14]. In addi-
tion, many studies demonstrated that a variety 
of miRNAs including miR-23b and miR-19 were 
involved in the pathological process of several 
autoimmune diseases [15]. Collins considered 
that miR-19 can regulate SOCS3 expression to 
enhance JAK-STAT signaling pathway activity, 
so as to promote inflammation [16]. Our results 
showed miR-19 was downregulated in FLS from 
RA patients. Next, we confirmed miR-19 may 
exert its biological function through TLR2 upon 
bioinformatics analysis and luciferase reporter 
assay.

Research suggested that all of TLRs family pro-
teins had a conservative sequence TIR in intra-
cellular region, which can interact with various 
intracellular signal molecules, such as interleu-

Figure 5. The impact of miR-19 on TLR2 expression. miR-19 mimics and inhibi-
tor were designed and transfected to FLS followed by measuring the expression 
of miR-19 by qRT-PCR or the protein expression of TLR2 by western blot. A: Cell 
transfection. B: TLR2 expression. *P < 0.01, compared with control.

lated about 1.8 times in 
FLS after miR-19 inhibitor 
transfection (P < 0.05).

Cytokine release

At 48 h after transfection, 
cytokines levels, including 
IL-6 and MMP-3, in FLS 
were evaluated by Western 
blot. β-actin was selected 
as internal control. It was 
presented that IL-6 and 
MMP-3 levels were obvi-
ously downregulated in FLS 
transfected with miR-19 
mimic (P < 0.05), whereas 
they were significantly en- 
hanced in FLS transfected 
by miR-19 inhibitor (P < 
0.05) (Figure 6).
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kin 1 receptor related protein (IRAK), tumor 
necrosis factor receptor related factor (TRAF-
6), and mitogen-activated protein kinase 
(MAPK). They can activate these signal trans-
ducers to further activate nuclear factor (NF-
κB) signaling pathway. NF-κB is then translo-
cated into the nucleus and triggers inflamma-
tion related genes expression, including IL-6 
and MMP-3 [16, 17]. We investigated the influ-
ence of miR-19 expression on FLS by cell trans-
fection and Western blot. It was revealed that 
miR-19 overexpression declined TLR2 level, 
and reduced inflammation-related cytokines 
release, such as IL-6 and MMP-3, indicating 
that miR-19 may inhibit inflammatory cytokines 
release through TLR2. 

Currently, it is still unclear about miRNA regula-
tion in FLS from RA. It was thought that miRNA 
expressions were altered through manipulating 
the methylation level of miRNA transcription 
promoter [18]. It was also believed that miRNA 
targeted gene coding proteins can reversely 
regulate miRNA level [19]. More in-depth exper-
imental studies are required in the future to 
clarify the mechanism by how miR-19 is regu-
lated in FLS from RA.

The pathological process of RA is often accom-
panied by bone destruction and severe joint 
deformities, eventually influencing movement 
function. There is still lack of effective treat-
ment for RA [20]. This study confirmed the role 
of miR-19 in FLS from RA through in vitro cell 
transfection and expression experiments, pro-
viding theoretical basis for the treatment of RA 
and other autoimmune diseases in the future.

Conclusion

MiR-19 was downregulated in FLS from RA, 
leading to elevated TLR2 level which promotes 
inflammatory cytokines release.

Acknowledgements

Research supported by The General Financial 
Grant from the China Postdoctoral Science 
Foundation (No. 2015M572805).

Disclosure of conflict of interest

None. 

Address correspondence to: Dr. Xuecheng Cao, 
Department of Traumatic Orthopedic Surgery, The 
General Hospital of Jinan Military Command, 25 
Shifan Road, Jinan 250031, Shandong, China. Tel 
and Fax: +86-0531-51665373; Fax: +86-0531-
51665373; E-mail: xuechengcaoasd@sina.com

References

[1] Smolen JS, Breedveld FC, Burmester GR, 
Bykerk V, Dougados M, Emery P, Kvien TK, Na-
varro-Compan MV, Oliver S, Schoels M, Scholte-
Voshaar M, Stamm T, Stoffer M, Takeuchi T, 
Aletaha D, Andreu JL, Aringer M, Bergman M, 
Betteridge N, Bijlsma H, Burkhardt H, Cardiel 
M, Combe B, Durez P, Fonseca JE, Gibofsky A, 
Gomez-Reino JJ, Graninger W, Hannonen P, 
Haraoui B, Kouloumas M, Landewe R, Martin-
Mola E, Nash P, Ostergaard M, Ostor A, Rich-
ards P, Sokka-Isler T, Thorne C, Tzioufas AG, 
van Vollenhoven R, de Wit M and van der Hei-
jde D. Treating rheumatoid arthritis to target: 
2014 update of the recommendations of an 

Figure 6. Western blot detection of cytokines level. miR-19 mimics and inhibitor were designed and transfected to 
FLS followed by measuring the expression of MMP-3 AND IL-6 by western blot. A: Western-Blot detection. B: MMP-3 
relative expression in FLS. C: IL-6 relative expression in FLS. *P < 0.05, compared with control.



MiR-19 suppress cytokines release in FLS

5517 Am J Transl Res 2016;8(12):5512-5518

international task force. Ann Rheum Dis 2016; 
75: 3-15.

[2] Smolen JS, Landewe R, Breedveld FC, Buch M, 
Burmester G, Dougados M, Emery P, Gaujoux-
Viala C, Gossec L, Nam J, Ramiro S, Winthrop 
K, de Wit M, Aletaha D, Betteridge N, Bijlsma 
JW, Boers M, Buttgereit F, Combe B, Cutolo M, 
Damjanov N, Hazes JM, Kouloumas M, Kvien 
TK, Mariette X, Pavelka K, van Riel PL, Rub-
bert-Roth A, Scholte-Voshaar M, Scott DL, Sok-
ka-Isler T, Wong JB and van der Heijde D. EU-
LAR recommendations for the management of 
rheumatoid arthritis with synthetic and biologi-
cal disease-modifying antirheumatic drugs: 
2013 update. Ann Rheum Dis 2014; 73: 492-
509.

[3] Okada Y, Wu D, Trynka G, Raj T, Terao C, Ikari K, 
Kochi Y, Ohmura K, Suzuki A, Yoshida S, Gra-
ham RR, Manoharan A, Ortmann W, Bhangale 
T, Denny JC, Carroll RJ, Eyler AE, Greenberg JD, 
Kremer JM, Pappas DA, Jiang L, Yin J, Ye L, Su 
DF, Yang J, Xie G, Keystone E, Westra HJ, Esko 
T, Metspalu A, Zhou X, Gupta N, Mirel D, Stahl 
EA, Diogo D, Cui J, Liao K, Guo MH, Myouzen K, 
Kawaguchi T, Coenen MJ, van Riel PL, van de 
Laar MA, Guchelaar HJ, Huizinga TW, Dieude P, 
Mariette X, Bridges SL Jr, Zhernakova A, Toes 
RE, Tak PP, Miceli-Richard C, Bang SY, Lee HS, 
Martin J, Gonzalez-Gay MA, Rodriguez-Rodri-
guez L, Rantapaa-Dahlqvist S, Arlestig L, Choi 
HK, Kamatani Y, Galan P, Lathrop M, consor-
tium R, consortium G, Eyre S, Bowes J, Barton 
A, de Vries N, Moreland LW, Criswell LA, Karl-
son EW, Taniguchi A, Yamada R, Kubo M, Liu 
JS, Bae SC, Worthington J, Padyukov L, 
Klareskog L, Gregersen PK, Raychaudhuri S, 
Stranger BE, De Jager PL, Franke L, Visscher 
PM, Brown MA, Yamanaka H, Mimori T, Taka-
hashi A, Xu H, Behrens TW, Siminovitch KA, 
Momohara S, Matsuda F, Yamamoto K and 
Plenge RM. Genetics of rheumatoid arthritis 
contributes to biology and drug discovery. Na-
ture 2014; 506: 376-381.

[4] Audo R, Hegglin A, Severac D, Dantec C, Combe 
B, Hahne M and Morel J. Identification of genes 
regulating TRAIL-induced apoptosis in rheuma-
toid arthritis fibroblasts-like synoviocytes. 
Genes Immun 2015; 16: 462-469.

[5] Tian J, Chen JW, Gao JS, Li L and Xie X. Resve-
ratrol inhibits TNF-alpha-induced IL-1beta, 
MMP-3 production in human rheumatoid ar-
thritis fibroblast-like synoviocytes via modula-
tion of PI3kinase/Akt pathway. Rheumatol Int 
2013; 33: 1829-1835.

[6] Troutman T BT, Pasare C. BCAP, a TLR/IL1R 
signaling adapter, intrinsically regulates differ-
entiation of T helper cells (P1159). J Immunol 
2013; 190: 22.

[7] Page K, Ledford JR, Zhou P and Wills-Karp M. A 
TLR2 agonist in German cockroach frass acti-
vates MMP-9 release and is protective against 
allergic inflammation in mice. J Immunol 2009; 
183: 3400-3408.

[8] Joosten LA, Koenders MI, Smeets RL, Heuvel-
mans-Jacobs M, Helsen MM, Takeda K, Akira 
S, Lubberts E, van de Loo FA and van den Berg 
WB. Toll-like receptor 2 pathway drives strepto-
coccal cell wall-induced joint inflammation: 
critical role of myeloid differentiation factor 88. 
J Immunol 2003; 171: 6145-6153.

[9] Iorio MV and Croce CM. MicroRNA dysregula-
tion in cancer: diagnostics, monitoring and 
therapeutics. A comprehensive review. EMBO 
Mol Med 2012; 4: 143-159.

[10] Gantier MP, Stunden HJ, McCoy CE, Behlke 
MA, Wang D, Kaparakis-Liaskos M, Sarvestani 
ST, Yang YH, Xu D, Corr SC, Morand EF and Wil-
liams BR. A miR-19 regulon that controls NF-
kappaB signaling. Nucleic Acids Res 2012; 40: 
8048-8058.

[11] Ekwall AK, Whitaker JW, Hammaker D, Bugbee 
WD, Wang W and Firestein GS. The Rheuma-
toid Arthritis Risk Gene LBH Regulates Growth 
in Fibroblast-like Synoviocytes. Arthritis Rheu-
matol 2015; 67: 1193-1202.

[12] Gao F, Zhao ZL, Zhao WT, Fan QR, Wang SC, Li 
J, Zhang YQ, Shi JW, Lin XL, Yang S, Xie RY, Liu 
W, Zhang TT, Sun YL, Xu K, Yao KT and Xiao D. 
miR-9 modulates the expression of interferon-
regulated genes and MHC class I molecules in 
human nasopharyngeal carcinoma cells. Bio-
chem Biophys Res Commun 2013; 431: 610-
616.

[13] Philippe L, Alsaleh G, Suffert G, Meyer A, 
Georgel P, Sibilia J, Wachsmann D and Pfeffer 
S. TLR2 expression is regulated by microRNA 
miR-19 in rheumatoid fibroblast-like synovio-
cytes. J Immunol 2012; 188: 454-461.

[14] van Rooij E and Kauppinen S. Development of 
microRNA therapeutics is coming of age. 
EMBO Mol Med 2014; 6: 851-864.

[15] Zhu S, Pan W, Song X, Liu Y, Shao X, Tang Y, 
Liang D, He D, Wang H, Liu W, Shi Y, Harley JB, 
Shen N and Qian Y. The microRNA miR-23b 
suppresses IL-17-associated autoimmune in-
flammation by targeting TAB2, TAB3 and IKK-
alpha. Nat Med 2012; 18: 1077-1086.

[16] Collins AS, McCoy CE, Lloyd AT, O’Farrelly C and 
Stevenson NJ. miR-19a: an effective regulator 
of SOCS3 and enhancer of JAK-STAT signalling. 
PLoS One 2013; 8: e69090.

[17] Lin KM, Hu W, Troutman TD, Jennings M, Brew-
er T, Li X, Nanda S, Cohen P, Thomas JA and 
Pasare C. IRAK-1 bypasses priming and direct-
ly links TLRs to rapid NLRP3 inflammasome 
activation. Proc Natl Acad Sci U S A 2014; 111: 
775-780.



MiR-19 suppress cytokines release in FLS

5518 Am J Transl Res 2016;8(12):5512-5518

[18] Wang P, Chen L, Zhang J, Chen H, Fan J, Wang 
K, Luo J, Chen Z, Meng Z and Liu L. Methyla-
tion-mediated silencing of the miR-124 genes 
facilitates pancreatic cancer progression and 
metastasis by targeting Rac1. Oncogene 2014; 
33: 514-524.

[19] Ha M and Kim VN. Regulation of microRNA bio-
genesis. Nat Rev Mol Cell Biol 2014; 15: 509-
524.

[20] O’Dell JR, Mikuls TR, Taylor TH, Ahluwalia V, 
Brophy M, Warren SR, Lew RA, Cannella AC, 
Kunkel G, Phibbs CS, Anis AH, Leatherman S, 
Keystone E; CSP 551 RACAT Investigators. 
Therapies for active rheumatoid arthritis after 
methotrexate failure. N Engl J Med 2013; 369: 
307-318.


