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Summary

The objective of the present study was to evaluate the role of CDKN1A 
in rheumatoid arthritis (RA). Related gene expression data screened from 
Gene Expression Omnibus (GEO) were processed with network analysis. 
Protein–protein interaction was analysed through string database. Quan-
titative reverse transcription–polymerase chain reaction (qRT–PCR) was 
used to measure mRNA and microRNA expression. Cell proliferation and 
cell cycle were tested by MTT assay and flow cytometry, respectively. 
Transwell migration and invasion assay was used to test cell migration 
and invasion. CDKN1A screened by bioinformatics methods showed dif-
ferential expression in RA cells compared with healthy controls (HC), and 
was at an important position in the protein–protein interaction network 
of RA. Compared with the HC group, CDKN1A was down-regulated in 
human RA synovium tissues and human fibroblast-like synoviocytes 
(HFLS). Contrary to CDKN1A silencing, CDKN1A over-expression sig-
nificantly inhibited the proliferation and invasion of HFLS-RA, arrested 
HFLS-RA in G0/G1 phase and down-regulated the expressions of tumour 
necrosis factor (TNF)-α and interleukin (IL)-6, while it up-regulated the 
expression of IL-10. CDKN1A over-expression could also suppress phos-
phorylated signal transducers and activators of transcription 1 (pSTAT-1) 
expression. MiR-146a, highly expressed in RA tissues, could regulate CD-
KN1A negatively. Anti-146a suppressed cell proliferation and invasion, 
and at the same time enhanced IL-10 expression but inhibited IL-6, TNF-α 
and pSTAT-1 expression. The results indicated that CDKN1A over-
expression, which could be enhanced by miR-146a suppression, inhibited 
the proliferation of invasion in HFLS-RA. This was probably a result of 
suppressed pSTAT-1, IL-6 and TNF-α expression and enhanced IL-10 
expression.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune 
disease characterized by synovial hyperplasia, inflamma-
tory infiltration and cartilage degradation. Tumour necro-
sis factor (TNF)-α pathway activation caused interleukin 
(IL)-6 and other proinflammatory cytokine production, 
usually found in RA, driving both synovial inflammation 
and joint destruction [1]. There are two cell types in 
normal synovium: macrophage-like synoviocytes (MLS) 

and human fibroblast-like synoviocytes (HFLS) [2]. In 
RA these FLS become hyperplastic, characterized by 
enhanced migratory potential and invasiveness, leading 
ultimately to cartilage and bone destruction [3]. To reveal 
the mechanism underlying RA progression more clearly, 
this study focused on the miR/mRNA axis and the acti-
vated proinflammatory pathway.

HFLS, as an essential effector cell in RA, proliferates 
and produces large amounts of IL-6, IL-8 and 
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cyclooxygenase (COX)-2 [4]. Enhanced signal transducer 
and activator of transcription (STAT)-1 phosphorylation 
was also found in RA HFLS [5]. Tumour suppressor p53 
presented as wild-type (WT) in non-RA patients, while 
the mutant type was presented in synovial tissues and 
synoviocytes of RA patients [6]. Increasing evidence indi-
cates that active HFLS-RA exhibits malignant character-
istics [7]. For example, HFLS-RA display abnormal 
proliferation, low apoptotic ability, pannus and cartilage 
invasion [1,8]. This study investigates the mechanisms 
accounting for malignant characteristics.

Cyclin-dependent kinase inhibitor 1A (CDKN1A), as 
a main target of tumour suppressor gene p53, can encode 
p21 protein, which is a cyclin-dependent kinase inhibitor, 
and is able to arrest cells in G1/S phase by blocking 
cyclin E-CDK2 [9]. CDKN1A over-expression, which 
occurs in a p53-independent manner, inhibits cell pro-
liferation in breast cancer [10]. CDKN1A inhibits the 
proliferation, migration and invasion in hepatocarcinoma 
cells and thyroid cancer cells under the negative regula-
tion of miR-93 and miR-4295, respectively [11,12]. The 
inflammatory process is accelerated in p21-deficient mice 
that develop spontaneous epithelial tumours [13]. 
Activation of the p53-p21 signalling axis prevents inflam-
mation induced by proinflammatory cytokines [14]. 
Enhancement of p21 limits the activation response of 
macrophages and suppresses the development and per-
sistence of RA [15]. However, the underlying mechanism 
of CDKN1A in HFLS-RA has not been explored 
thoroughly.

In this study, the inhibitory role of CDKN1A was sus-
pected in RA synovium and HFLS and validated with 
in-vitro experiments. We then hypothesized the mechanism 
as activation of the inflammatory pathway, which included 
tumour necrosis factor (TNF)-α, IL-6 and IL-10 cytokines. 
The upstream regulator of CDKN1A, miR-146a, was 
revealed. These findings may provide a new regulatory 
mechanism in RA as the CDKN1A/miR-146a axis and 
suppressed inflammatory cytokines.

Materials and methods

Gene chip data extraction and network-based 
meta-analysis

Gene expression data were downloaded from Gene 
Expression Omnibus (GEO) with ‘rheumatoid arthritis’ 
(RA) as keywords. Four data sets that contained gene 
expression data of both RA patients and healthy controls 
(HC) were selected. GSE55457 and GSE55235 were sub-
mitted by the same author, but were different in their 
GSM numbers and gene expression data.

The downloaded gene expression data were classified 
into HC and RA groups, and analysed comparatively by 
network-based meta-analysis to screen out differentially 
expressed genes (DEGs). The probe ID in the microarray 
data was converted to the corresponding gene name 
through the corresponding platform using the conversion 
tool. After matching, the data were normalized by log2 
with limma with variance [interquartile range (IQR)] set 
at 15%. It could then be viewed through the block dia-
gram to ensure that the samples had the same distribution. 
The standard thresholds for screening DEGs were set as 
antibodies > 1  and adjusted P-value  <  0·05.

Collection of RA clinical samples

From 2015 to 2017, synovial tissues from RA patients 
undergoing total knee joint replacement surgery were 
selected from the Second Hospital of Jilin University. 
Healthy synovial biopsies were collected from traumatic 
knee patients and used as normal controls. The experi-
mental protocol was approved in advance by the Ethics 
Committees of the Second Hospital of Jilin University. 
All patients gave their written informed consent.

Cell culture

293T HFLS and HFLS-RA were bought from BeNa Culture 
Collection (Beijing, China) and cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) (Invitrogen, Carlsbad, 
CA, USA) for 4 h at 37°C in 5% CO2. After centrifuga-
tion, the cells were incubated in DMEM medium sup-
plemented with 10% fetal bovine serum (FBS), 100 U/
ml penicillin and 100 μg/ml streptomycin at 37°C in 5% 
CO2, 21% O2 and 75% N2.

Quantitative reverse transcription–polymerase chain 
reaction (qRT–PCR)

The total RNA from synovial tissues in the RA patient 
and HC groups were extracted by Trizol (Invitrogen). 
The obtained RNA was reverse-transcribed to cDNA using 
the RevertAid First-Strand cDNA Synthesis Kit (Thermo, 
Shanghai, China), and Power SYBR Green PCR Master 
Mix (Thermo, Shanghai, China) was used for determina-
tion. The PCR programme comprised predenaturation at 
95°C for 10 min, followed by 40 cycles of denaturation 
at 95°C for 15 s, annealing at 60°C for 30 s and exten-
sion at 72°C for 30 s. Subsequently, analysis of the dis-
solution curve of PCR products was performed with 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
expression as the standard for mRNA and U6 expression 
as the standard for miRNA; relative mRNA and miRNA 
expression was calculated by the 2–ΔΔCt method. The prim-
ers supplied are shown in Table 1.
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Western blot

Total proteins were obtained with RAPI (Beyotime, Shanghai, 
China), 100 μg of which were separated using sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred onto polyvinylidene difluoride (PVDF) mem-
branes. Membranes were incubated in Tris-buffered saline 
with Tween 20 (TBST) containing 5% non-fat milk for 1 
h, and then incubated with anti-CDKN1A (ab102013, 1/1000; 
Abcam, Cambridge, MA, USA), anti-STAT-1 (ab31369, 
1/500; Abcam), anti-phosphorylated STAT-1 (pSTAT)-1 
(ab30645, 1/500; Abcam) and anti-GAPDH (ab8245, 1/1000; 
Abcam) at 4°C overnight. The membrane was washed with 
TBST three times and incubated with secondary antibodies 
at room temperature for 1·5 h. After washing three times 
with TBST, the membrane was subjected to colour reaction 
by ECL Plus from Life Technology, and GAPDH was detected 
as the internal control.

Vector construction and cell transfection

According to the human CDKN1A gene sequence in 
GenBank (Accession number NM_001291549.1), 
CDKN1A-specific PCR primers were: forward primer 5′- 
GAATTCATGTGGGGAGTATTCAGGA-3′ and reverse 
primer 5′- CTCGAGTTAGGGCTTCCTCTTGGAG -3′. 
The cDNA was then subcloned into the pcDNA3.1(+) 
(Thermo Fisher Scientific, Waltham, MA, USA) vector 
with the restriction enzymes EcoR1 and XhoI to establish 
plasmid over-expression. Cell transfection with plasmid 
over-expression and empty vector was carried out sepa-
rately in HFLS using lipofectamine 2000 (Invitrogen, 
Shanghai, China). Small interfering (si) RNA of CDKN1A 
(siR-CDKN1A) and si-NC were purchased from GenScript 
Co., Ltd (Nanjing, China). The siR-CDKN1A sequence 
was 5′-GUCCUGUGUUCCAACUAUAGU-3′.

MTT assay

The effect of CDKN1A and miR-146a on cell proliferation 
was detected using the 3-(4,5-dimethylthiazol-2-Yl)-2,5- 

diphenyltetrazolium bromide (MTT) kit (Ruitai Biology 
Co., Ltd, Beijing, China). HFLS-RA was inoculated for 
24, 48 and 72 h in three identical 96-well plates at a 
density of 1  ×  103 cells/well; 10  μl MTT reagent was 
then added to each well at each time-point, and cultured 
at 37°C in 5% CO2 for 2 h. The supernatant was then 
removed, and 100 μl dimethylsulphoxide (DMSO) was 
added to each well. Optical density (OD) was detected 
at 570 nm using an enzyme-linked immune-monitor.

Transwell assay

The HFLS-RA migration was determined with Transwell 
chambers (8-μm pores) (Corning, New York, NY, USA). 
HFLS-RA (1  ×  105 cells per chamber) was plated in the 
upper chambers in duplicate filters. DMEM containing 
10% FBS was added to the lower chamber as a chemoat-
tractant. Cells were incubated for 24 h under normoxic 
conditions. Non-migrating cells were removed from the 
upper surface and filters were stained with crystal violet. 
Migrated cells were counted in five representative micro-
scopic fields.

In order to assess the invasion ability of HFLS-RA, 
HFLS-RA (5  ×  104 cells per chamber) were seeded onto 
Transwell chambers precoated with matrigel. The lower 
chambers were filled with DMEM medium containing 
10% FBS. Cells were allowed to invade for 24 h under 
normoxic conditions. Cells on the top membrane surface 
were removed. Cells which had penetrated to the bottom 
were stained with crystal violet and counted as described 
above.

Flow cytometry

To synchronize the cells in the conversion period between 
G0/G1 and G2/M phases, HFLS-RA were collected after 
transfection for 48 h and centrifugation. The cells were 
harvested and washed once with PBS, fixed in ice-cold 
70% ethanol and stored at 4°C. Prior to analysis, the 
cells were washed once again with PBS, suspended in 1 
ml of cold propidium iodide (PI; Sigma, St Louis, MO, 

Table 1. Primers for quantitative reverse transcription–polymerase chain reaction (qRT–PCR).

Gene Forward primer (5′→3′) Reverse primer (5′→3′)

CDKN1A TGCCGAAGTCAGTTCCTTGT GCATGGGTTCTGACGGACAT
STAT-1 TACAAACCTCAAGCCAGCCT GCAGTAACACGGGGATCTCA
IL-6 TCAATATTAGAGTCTCAACCCCCA GAGAAGGCAACTGGACCGAA
IL-10 TGTTCTTTGGGGAGCCAACA GGGCTCCCTGGTTTCTCTTC
TNF-α AGAACTCACTGGGGCCTACA AGGAAGGCCTAAGGTCCACT
GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC
MiR-146a TGGTACTGATGTGATGGACT TCATATCACACAGCACCGAT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

CKDN1A = cyclin-dependent kinase inhibitor 1A; STAT-1 = signal transducer and activator of transcription 1; IL = interleukin; TNF = tumour necro-
sis factor; GAPDH = glyceraldehyde-3-phosphate dehydrogenase; MIR-146a = MiR-146a.
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USA) solution containing 100 µg/ml RNase A, 50 µg/ml 
PI, 0·1% (w/v) sodium citrate and 0·1% (v/v) NP-40, and 
incubated further on ice for 30 min in the dark. Flow 
cytometric analyses were carried out using a flow cytom-
eter (FACScalibur; Becton-Dickinson, San Jose, CA, USA).

Enzyme-linked immunosorbent assay (ELISA)

HFLS-RA culture supernatants were collected after trans-
fection and diluted for the following experiment. 
Concentrations of the relative cytokines of TNF-α, IL-6 
and IL-10 were evaluated with commercial ELISA kits 
(R&D Systems, Lille, France). A standard curve method 
was performed for each plate and used to calculate the 
absolute concentrations of the cytokines indicated.

Dual-luciferase reporter gene assay

Luciferase reporter vector recombinant plasmids inserted 
with CDKN1A 3′-untranslated region (3′-UTR) WT and 
mutant type (MUT) were constructed, named as MiR-
146a mimics, or control, were used for co-transfection 
with CDKN1A-WT and CDKN1A-MUT into 293T (BeNa 
Culture Collection, Beijing, China) using lipofectamine 
2000 (Invitrogen). The Luciferase Dual Assay Kit (Thermo 
Fisher Scientific) was used for dual-luciferase reporter 
gene assay 48  h after cells were transfected.

Statistical analysis

GraphPad Prism 6 (GraphPad, La Jolla, CA, USA) software 
was used for statistical analysis. The data were expressed 
as average  ±  standard deviation (AV  ±  s.d.). Student’s 
t-test was used to detect differences between experimental 
groups. P  <  0·05 was considered to be statistically 
significant.

Results

Screening of DEGs

Gene expression data in the RA and HC groups were 
analysed and DEGs with adjusted P  <  0·01 and antibod-
ies (logFC) > 1 were selected as shown in Supporting 
information, Table S1 (other DEGs are shown in 
Supporting information, Gene tables 1–4). In GSE55235, 
there were 1119 DEGs in the RA group compared with 
the HC group. Using comparative analysis, 12 common 
DEGs, including CDKN1A, were found among the four 
data sets, which might be associated with RA disease 
(Fig. 1a).

Core genes in RA

DisGeNET is a free public platform for searching human 
disease-related genes and variants. RA-related hot genes 

were retrieved from the DisGeNET database with ‘rheu-
matoid arthritis’ as the keywords. The top 10 hot genes 
of RA are shown in Table 2.

Analysis of gene–gene interaction was performed 
between the DEGs and hot genes of RA through the 
string website. Cluster analysis was carried out using 
k-means clustering, and it was found that CDKN1A, 
STAT-1 and C-C chemokine receptor type 5 (CCR5) were 
at the core position in the cluster network of RA hot 
genes (Fig. 1b). There are many studies on the role of 
STAT-1 and CCR5 in RA, while few studies have been 
conducted concerning the cell growth-related gene 
CDKN1A in RA. However, CDKN1A was associated closely 
with RA hot genes, which indicated that CDKN1A may 
be a potential influencing factor in RA.

CDKN1A expression was decreased in RA tissues and 
HFLS

CDKN1A expression was detected in clinical samples. 
Consistent with the results of bioinformatics analysis, 
qRT–PCR detection validated that CDKN1A mRNA was 
decreased significantly in the RA group compared with 
the HC group (Fig. 2a). The levels of CDKN1A mRNA 
and protein in HFLS were also detected in our experi-
ments. Our results showed that the level of CDKN1A 
was inhibited in the HFLS-RA group (Fig. 2b). Western 
blot assay illustrated that, compared with the HFLS group, 
the CDKN1A protein level was also inhibited in the 
HFLS-RA group (Fig. 2c).

CDKN1A inhibited the proliferation, migration and 
invasion of HFLS-RA and hindered the cell cycle of 
HFLS-RA

The effect of CDKN1A on the proliferation of HFLS-RA 
was investigated in this study. In a scramble group, both 
CDKN1A+ and CDKN1A– were added. The HFLS-RA 
group was named the ‘NC group’. MTT assay found that 
the growth rate in the CDKN1A+ group was significantly 
lower than that in the scramble and NC groups. When 
compared with the scramble and NC groups, the growth 
rate in the CDKN1A– group was increased significantly 
(P  <  0·05), and the difference in cell proliferation was 
greater with the prolongation of culture time (Fig. 3a). 
Flow cytometry illustrated that the majority of cells in 
the CDKN1A+ group were arrested in the G1/S phase 
compared with the scramble and NC groups, which sug-
gested that cell division was hindered by CDKN1A over-
expression (Fig. 3b). The results of the Transwell assay 
showed that compared with the scramble and NC groups, 
migration and invasion of HFLS-RA were increased sig-
nificantly by CDKN1A silencing and clearly inhibited by 
CDKN1A over-expression (Fig. 3c).
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CDKN1A inhibited the expression of TNF-α and IL-6 
and promoted the expression of IL-10 in HFLS-RA

We detected mRNA expression of TNF-α, IL-6, IL-10 
and STAT-1 in the four groups. It was found that the 
expression of TNF-α and IL-6 was attenuated and IL-10 

expression was enhanced to different degrees after over-
expressing CDKN1A in HFLS-RA (P  <  0·05, P  <  0·01). 
There was no obvious change in the level of STAT-1 
(Fig. 3d). When compared with the negative siRNA scram-
ble cell line, CDKN1A silencing promoted the expression 

Fig. 1.  Screening of differentially expressed genes (DEGs) and core genes in rheumatoid arthritis (RA). (a) Analysis of differentially expressed genes in 
four data sets. Four sets of gene expression data containing the samples in the RA group and the healthy control (HC) group were downloaded from 
the Gene Expression Omnibus (GEO) database for analysis. Twelve common DEGs, including CDKN1A, were found among the four data sets, which 
might be associated with RA disease. (b) Analysis of gene–gene interaction was performed between the DEGs and hot genes of RA through the  string 
website. Cluster analysis was carried out using k-means clustering, and it was found that CDKN1A, signal transducers and activators of transcription 
1 (STAT-1) and C-C chemokine receptor type 5 (CCR5) were at the core position in the cluster network of RA hot genes. 

(a)

(b)
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of TNF-α and IL-6 and attenuated the level of IL-10 
(Fig. 3e). Western blot results illustrated that over-expres-
sion of CDKN1A inhibited the protein expression of 
pSTAT-1 significantly, while CDKN1A silencing promoted 
pSTAT-1 expression (Fig. 3f).

MiR-146a targeted CDKN1A directly and correlated 
negatively with CDKN1A

To explore the role of miR-146a in RA, we detected the 
expression of miR-146a in clinical samples. Relative miR-
146a expression in synovium samples was higher in the 
RA group compared with the HC group (Fig. 4a). Relative 

miR-146a expression and relative CDKN1A expression 
showed a negative correlation in synovium samples 
(R2  =  0·8105, *P  <  0·05) (Fig. 4b). The level of miR-146a 
was also found to be higher in HFLS-RA than that in 
HFLS (Fig. 4c). Dual-luciferase reporter gene assay results 
indicated that luciferase activity only decreased in the 
CDKN1-WT + miR-146a group, which corroborated that 
miR-146a regulated CDKN1A directly (Fig. 4d). After 
transfection with anti-146a the level of miR-146a was 
suppressed in HFLS-RA cells (Fig. 4e), while the expres-
sion of CDKN1A mRNA was promoted (Fig. 4f). The 
expression of CDKN1A protein was up-regulated in the 

Table 2. The top 10 hot genes of rheumatoid arthritis (RA) from the DisGeNET database.

Gene Gene name Score PMIDs

PTPN22 Protein tyrosine phosphatase, non-receptor type 22 0·567 151
TNF Tumour necrosis factor 0·506 570
HLA-DRB1 Major histocompatibility complex, class II, DR beta 1 0·44 614
IL-1β Interleukin-1 beta 0·323 155
CRP C-reactive protein 0·315 75
CTLA-4 Cytotoxic T lymphocyte-associated protein 4 0·299 61
PADI4 Peptidyl arginine deiminase 4 0·298 90
IL-6 Interleukin-6 0·297 198
MTHFR Methylenetetrahydrofolate reductase 0·287 53
IL-10 Interleukin-10 0·286 95

Total number of PubMed identifiers (PMIDs) supporting the association.

Fig. 2.  Cyclin-dependent kinase inhibitor 1A (CDKN1A) expression in rheumatoid arthritis (RA) tissues and human fibroblast-like synoviocytes 
(HFLS). (a) CDKN1A mRNA was decreased significantly in the RA group compared with the healthy control (HC) group. (b) The level of 
CDKN1A was inhibited in the HFLS-RA group. (c) Compared with the HFLS group, the CDKN1A protein level was also inhibited in the HFLS-RA 
group. *P < 0·05; **P < 0·01. 

(a) (b)

(c)
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Fig. 3.  The role of cyclin-dependent kinase inhibitor 1A (CDKN1A) in proliferation, migration and invasion of human fibroblast-like synoviocytes 
rheumatoid arthritis (HFLS-RA). (a) Compared with the scramble and NC groups, the growth rate in the CDKN1A– group was increased 
significantly (*P < 0·05), and the difference in cell proliferation was greater with the prolongation of culture time. (b) The majority of cells in the 
CDKN1A+ group were arrested in the G1/S phase compared with the scramble and NC groups. (c) Compared with the scramble and NC groups, 
migration and invasion of HFLS-RA were increased significantly by CDKN1A silencing and inhibited clearly by CDKN1A over-expression. (d) 
The expression of tumour necrosis factor (TNF)-α and interleukin (IL)-6 was lower and the expression of IL-10 was higher to different degrees 
after over-expressing CDKN1A in HFLS-RA (*P < 0·05; **P < 0·01). There was no obvious change in the level of signal transducers and activators 
of transcription 1 (STAT-1). (e) Compared with the negative siRNA scramble cell line, the expression of TNF-α and IL-6 was higher and the level 
of IL-10 was lower after CDKN1A silencing. (f) Over-expression of CDKN1A reduced the protein expression of phosphorylated STAT-1 (pSTAT-1) 
significantly, while CDKN1A silencing increased it. *P < 0·05. 

(a)
(b)

(c)

(d) (e)

(f)
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anti-146a group, while anti-146a + CDKN1A– could rescue 
the effect of anti-146a (Fig. 4g).

Inhibition of miR-146a reversed the effects of 
CDKN1A silencing on HFLS-RA

We investigated the effects of miR-146a on HFLS-RA. 
Anti-146a  +  CDKN1– was named the ‘scramble group’ 
for convenience and HFLS-RA was named the ‘NC group’. 
The growth rate in the anti-146a group showed clear 
down-regulation compared with the scramble and NC 

groups, while it was reversed in the anti-146a + CDKN1A– 
group. The difference in cell proliferation was greater with 
the prolongation of culture time (Fig. 5a). Compared with 
the scramble and NC groups, cells in the anti-146a group 
were arrested mainly in the G1/S phase while anti-
146a  +  CDKN1A– reversed it (Fig. 5b). Results of the 
Transwell assay showed that compared with the scramble 
and NC groups, migration and invasion of HFLS-RA were 
inhibited significantly in the anti-146a group and clearly 
reversed in the anti-146a  +  CDKN1A– group (Fig. 5c). 
We further detected the mRNA expression of TNF-α, 

Fig. 4.  MiR-146a directly targeted cyclin-dependent kinase inhibitor 1A (CDKN1A). (a) Relative miR-146a expression in synovium samples was 
higher in the rheumatoid arthritis (RA) group compared with the healthy control (HC) group. (b) Relative miR-146a expression and relative 
CDKN1A expression showed a negative correlation in synovium samples. (c) The level of miR-146a was also found higher in human fibroblast-
like synoviocytes (HFLS)-RA than that in HFLS. (d) Luciferase activity decreased only in the CDKN1-wild-type (WT)+ miR-146a group. (e) After 
transfected with anti-146a, the level of miR-146a was suppressed in HFLS-RA. (f) The expression of CDKN1A mRNA was promoted. (g) The expression 
of CDKN1A protein was up-regulated in the anti-146a group while anti-146a+ CDKN1A– reversed it. *P < 0·05; **P < 0·01

(a) (b)

(c)
(d)

(e) (f)

(g)
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Fig. 5.  Inhibition of miR-146a reversed the effects of cyclin-dependent kinase inhibitor 1A (CDKN1A) silencing on human fibroblast-like synoviocytes 
rheumatoid arthritis (HFLS-RA). (a) The growth rate in the anti-146a group showed an obvious down-regulation compared with the scramble and NC 
groups, while it was reversed in the anti-146a+ CDKN1A– group. (b) The cells in the anti-146a group were arrested mainly in the G1/S phase, while 
anti-146a+ CDKN1A– reversed it. (c) Migration and invasion of HFLS-RA was inhibited significantly in the anti-146a group and clearly reversed in 
anti-146a+ CDKN1A–. (d,e) The expression of tumour necrosis factor (TNF)-α and interleukin (IL)-6 was suppressed in the anti-146a group, while the 
expression of IL-10 was promoted. These influences were reversed significantly in the anti-146a+ CDKN1A– group. (f) The expression level of 
phosphorylated signal transducer and activator of transcription 1 (pSTAT-1) protein was lower in the anti-146a group and there was no significant 
difference in STAT-1 protein. Anti-146a+ CDKN1A– reversed the inhibition of pSTAT-1 protein in HFLS-RA. *P < 0·05.

(a) (b)

(c)

(d) (e)

(f)
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IL-6, IL-10 and STAT-1 in HFLS-RA. It was shown that 
expression of TNF-α and IL-6 was suppressed in the anti-
146a group, while expression of IL-10 was promoted. 
These influences were reversed significantly in the anti-
146a  +  CDKN1A– group (Fig. 5d,e). The protein levels 
of STAT-1 and pSTAT-1 were detected in our study. We 
found a significant inhibition of pSTAT-1 protein in the 
anti-146a group and there was no significant difference 
in STAT-1 protein. Anti-146a  +  CDKN1A– reversed the 
inhibition of pSTAT-1 protein in HFLS-RA (Fig. 5f).

Discussion

In this study, GEO data and the string database indicated 
CDKN1A as an important DEG gene in RA tissues. 
CDKN1A was expressed sparsely in RA tissues and HFLS 
cells; high expression suppressed cell proliferation, migra-
tion and invasion via inflammatory cytokines suppression. 
MiR-146a was an upstream regulator of CDKN1A and 
its suppression, which resulted in CDKN1A enhancement, 
finally suppressing HFLS cell motility.

CDKN1A was important in the regulation of various 
tumours. Previous study has verified the obvious change 
of CDKN1A in RA patients. Spurlock et al. indicated 
that RA patients expressed reduced baseline levels of 
CDKN1A, CDKN1B and CHEK2 mRNAs [16]. 
Furthermore, various studies report that CDKN1A par-
ticipates in the proliferation and migration of tumour 
cells under the direct or indirect regulation of microRNA 
or long non-coding RNA (lncRNA). Suppressed p21 tran-
scription inhibits fibroblast-like synoviocytes from RA 
patients [17]. Elevating inflammatory cytokine expression 
enhances HFLS proliferation [18]. This study confirmed 
that CDKN1A inhibited the proliferation of HFLS-RA, 
arresting the cell cycle in the G1/S phase, and its over-
expression could inhibit the invasion and migration of 
HFLS-RA. Our results are consist with previous reports. 
CDKN1A was also regulated negatively by miR-146a, a 
novel discovery in this study.

HFLS are a primary component of the hyperplastic 
synovial pannus. In the occurrence of RA, cytokine TNF-α 
and interleukin IL-1 activate HFLS. Once activated, HFLS 
secrete IL-6, chemokines mediate the adjacent cells to 
cause inflammatory infiltration and endothelial cells secrete 
MMPs to stimulate cartilage degradation [19‒22]. Studies 
have found that IL-6 could promote HFLS to produce a 
variety of cytokines to participate in the development of 
inflammation [23], stimulate the proliferation and activa-
tion of T lymphocytes, activate osteoclasts and regulate 
the formation of acute-phase proteins [24,25]. In this 
study, TNF-α and IL-6 were down-regulated to different 
degrees after over-expressing CDKN1A, while IL-10 was 

up-regulated. Based on previous studies and the results 
of this study, it was concluded that high concentrations 
of TNF-α in the extracellular matrix activated HFLS-RA 
to induce the secretion of IL-6, which mediated cell 
inflammation.

There are limitations to this study. For example, in-vivo 
experiments could be performed to validate the discovered 
mechanism. Exact cells, such as B, T or macrophages 
which produced CDKN1A, could be ascertained. 
Furthermore, tissue samples and blood samples could all 
be examined for differentially expressed genes for better-
targeted therapies.

In conclusion, our study demonstrates that CDKN1A 
regulates negatively the proliferation and invasion of 
HFLS-RA and the expression of TNF-α and IL-6 in 
HFLS-RA and regulates positively the expression of IL-10. 
We also indicate that miR-146a regulates CDKN1A directly 
and has a negative correlation with CDKN1A, which 
means that miR-146a plays a positive role in HFLS-RA.
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