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Quercetin promotes the apoptosis of fibroblast-like synoviocytes
in rheumatoid arthritis by upregulating IncRNA MALAT1
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Abstract. Rheumatoid arthritis (RA) is a chronic autoimmune
joint disease and fibroblast-like synoviocytes (FLS) are the
resident mesenchymal cells of synovial joints. Quercetin is
a dietary antioxidant. In this study, we aimed to explore the
mechanisms responsible for the quercetin-induced apoptosis
of FLS from patients with RA (termed RAFLS). RAFLS
viability was determined following treatent of the cells with
or without quercetin using the Cell Counting kit-8 (CCK-8)
assay. The apoptosis of the RAFLS was analyzed using the
Annexin V-fluorescein isothiocyanate (FITC) apoptosis detec-
tion kit I. The results revealed that RAFLS viability decreased
and apoptosis increased in following treatment with quercetin.
The differentially expressed long non-coding RNAs (IncRNAs)
were screened and marked by PCR array following treatment
with quercetin. The expression levels of the screened IncRNAs
were then determined and compared in the cells treated with or
without quercetin by quantitative PCR. The IncRNA metastasis
associated lung adenocarcinoma transcript 1 (MALATI) was
finally selected. Small interfering RNA (siRNA) was then
used to knock down the expression of MALATI in order to
determine the role of MALATI in the quercetin-induced
apoptosis of RAFLS. The results revealed that the knockdown
of MALATTI inhibited RAFLS apoptosis. At the same time,
the expression of caspase-3 and caspase-9 was significantly
decreased in the cells in which MALAT1 was knocked
down. The phosphoinositide 3-kinase (PI3K)/AKT signaling
pathway was activated; this activation is known to be associ-
ated with enhanced cell proliferation and decreased apoptosis.
The findings of our study indicate that quercetin promotes
RAFLS apoptosis by upregulating IncRNA MALATI, and that
MALATTI induces apoptosis by inhibiting the activation of the
PI3K/AKT pathway.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune joint disease
and is characterized by the proliferation of synoviocytes that
produce inflammatory cytokines and chemokines (1). Despite
significant therapeutic advances, there is still a need for effective
treatments for RA (2). RA not only decreases the quality of life and
life expectancy of patients, but also and most commonly, accel-
erates atherosclerosis (3). The hallmarks of RA are leukocytic
infiltration of the synovium and the expansion of fibroblast-like
synoviocytes (FLS) (4). FLS are the resident mesenchymal cells
of synovial joints and are located in the lining of the joints. They
play an increasingly important role in the pathogenesis of RA,
and participate in all the pathological events of RA (5).
Apoptosis is a key mechanism that regulates tissue composi-
tion and homeostasis (6). It can be considered a therapeutic tool
in RA, and alterations in the apoptosis of synovial cells have been
described in residential synoviocytes, as well as in inflammatory
cells (7,8). Long non-coding RNAs (IncRNAs) are a recently
discovered class of non-protein coding RNAs (9,10), and metas-
tasis associated lung adenocarcinoma transcript 1 (MALAT1), a
well-described IncRNA of of >8,000 nt in length expressed on
chromosome 11q13,is widely expressed in normal tissues (11-13).
MALATT has been recently observed to be upregulated in various
human cancers and has been shown to be associated with cancer
metastasis and recurrence of hepatocellular carcinoma following
liver transplantation (14). In bladder cancer, the upregulation
of MALAT]I has been reported to contribute to enhanced cell
migration by inducing epithelial-to-mesenchymal transition (15).
MALAT]I has also been reported to control cell cycle progres-
sion by regulating the expression of the oncogenic transcription
factor, B-MYB (16). In osteosarcoma, MALAT1 has been shown
to promote the proliferation and metastasis of osteosarcoma
cells by activating the phosphoinositide 3-kinase (PI3K)/AKT
pathway (17). The P13K/AKT signaling pathway plays a critical
role in regulating basic cellular functions, such as the control
of transcription and translation (18). The P13K/AKT pathway
is also involved in apoptosis; when this pathway is activated,
apoptosis is then decreased and cell proliferation increases (19).
Quercetin is a flavonoid molecule ubiquitous in nature (20).
It is a dietary antioxidant that prevents the oxidation of low-
density lipoprotein in vitro by the scavenging of free oxygen
radicals and the inhibition of the growth of certain types of
cancer cell (21,22). It has been shown to prevent and protect
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against streptozotocin-induced oxidative stress and [3-cell
damage in the rat pancreas (23). Quercetin has been shown to
be effective in the management of arthritis (24). It has also been
shown to inhibit the release of macrophage-derived cytokines
and nitric oxide (25).

In this study, we aimed to elucidate the mechanisms
through which quercetin affects FLS from patients with
RA (termed RAFLS) and the involvement of possible signaling
pathways. First, we determined the relative expression levels
of differentially expressed IncRNAs and the proliferation of
RAFLS, and screened the most significantly differentially
expressed IncRNA. The screened IncRNA was then knocked
down and the apoptosis of RAFLS was analyzed. At the same
time, the protein expression levels of caspase-3 and caspase-9,
Bax, Bcl-2, phosphorylated (p-)P13K, P13K, p-AKT, AKT,
p-mammalian target of rapamycin (mTOR) and mTOR were
determined by western blot analysis.

Materials and methods

Cell culture and treatment. Rheumatoid arthritis fibroblast-like
synoviocytes (RAFLS)used in this study were obtained from the
Shanghai Institute of Biochemistry and Cell Biology (Shanghai,
China). The cells were cultured in Dulbecco's modified Eagle's
medium (DMEM) containing 10% fetal bovine serum (FBS),
100 U/ml penicillin and 100 ug/ml streptomycin in a humidi-
fied cell incubator at 37°C in a humidified atmosphere of
5% CO, and 95% air. The medium was changed every 24 h and
cells at passages 3 to 8 were used in the following experiments.
Each experiment performed thrice. All the samples were stored
at -80°C for further use.

Cell tranfection. MALAT1 and HOTAIR small interfering
RNAs (siRNAs) and scrambled RNA were purchased
from Dharmacon Research, Inc. (Lafayette, CO, USA).
Transfection was conducted with cationic lipopolyamines
(Invitrogen, Carlsbad, CA, USA). RAFLS at approximately
70-80% confluence were used for transfection. siRNA targeting
MALATI1 (siRNA-MALATI-1, -2, -3 or si-MALATI1-1,
-2, -3), siRNA targeting HOTAIR or scrambled RNA
control (siRNA-Scramble or si-Scramble) in Opti-MEM
(Invitrogen) was added at a final concentration of 5 yg/ml DNA.
The control cells represent normal RAFLS without any trans-
fection. Following incubation for 4 h, fresh growth medium was
added, and the cells were cultured as described above.

RNA extraction and PCR array. Total RNA was extracted and
isolated from the cells using the Agilent Technologies Total RNA
isolation mini kit (Agilent Technologies, Palo Alto, CA, USA)
according to the manufacturer's instructions. Spectrophotometric
methods were used to assess the quality and quantity of the
RNA samples. PCR array was used to screen the differentially
expressed IncRNAs following treatment with quercetin.

A PCR array is a highthroughput RT-PCR system which
is based on ATAC-PCR. A 96-well PCR plate was prepared
with a different primer-probe in each well as the PCR array.
In brief, the experimental procedure was as follows: RNA was
converted into cDNA, digested by a restriction enzyme, and
then ligated to an adaptor with the cohesive ends created by
the enzyme. After mixing the ligated samples, PCR amplifica-
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tion was conducted with an adaptor primer and a gene-specific
primer. The PCR specific procedure was: denaturing at 95°C
for 15 sec, annealing for 30 sec at 60°C, and extension for
30 sec at 72°C. A total of 40 PCR cycles were performed.

Quantitative PCR (qgPCR). To quantitatively determine the
messenger RNA (mRNA) expression levels of MALAT1, HOX
transcript antisense RNA (HOTAIR), prostate cancer associ-
ated rranscript 1 (PCAT1), WD repeat containing, antisense to
TP53 (WRAPS3), long stress-induced non-coding transcript 5
(LSINCT5), 7SK, CIQTNF9B antisense RNA 1
(C1IQTNF9B-AS1), breast cancer anti-estrogen resistance 4
(BCAR4), maternally expressed 3 (MEG3), carbonyl reduc-
tase 3 antisense RNA (CBR3-AS), growth arrest-specific 5
(GASS), ZNFXI1 antisense RNA 1 (ZNFX1-AS1), HIF1A anti-
sense RNA 1 (HIF1A-AS1), DNM3 opposite strand/antisense
RNA (DNM3O0S), brain cytoplasmic RNA 1 (BCYRNI) and
Yiya in the RAFLS treated with quercetin (RAFLS + quercetin)
or in the untreated RAFLS (RAFLS - quercetin), as well as
those of MALATI in normal cells (controls) or in the cells
tranfected with sSiRNA-MALATI (si-MALATI-1, -2, -3) or
siRNA-Scramble (si-Scramble), qPCR was used. Genes were
amplified by specific oligonucleotide primers, and the human
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene was
used as an endogenous control. The primers were the following:
PCAT-1 forward, 5'-AATGGCATGAACCTGGGAGGCG-3'
and reverse, 5'-GGCTTTGGGAAGTGCTTTGGAG-3;
WRAPS53 forward, 5"TGGCACAAAGCTGGACAGT-3' and
reverse 5'-GCTGGGTCCTGGTCTGAAG-3"; CBR3-ASl1
forward, 5'-CTTCTGGTTACAATGATTCTC-3' and reverse,
5'-CACTTACTGCCTACATTAGA-3'; HIF1A-AS1 forward,
5-AATGTGTTCCTTGCTCTT-3' and reverse, 5-GTATGTCT
CAGTTATCTTCCT-3"; LSINCTS5 forward, 5-TTCGGCAAG
CTCCTTTTCTA-3' and reverse, 5'-GCCCAAGTCCCAAAA
AGTTCT-3"; HOTAIR forward, 5"-TGCTACTTGTGTAGAC
CCAG-3'and reverse, 5-"~AGCAAAGGCTGGACCTTTGCT-3
MALATI forward, 5"“TGATAGCCAAATTGAGACAA-3' and
reverse 5S"TTCAGGGTGAGGAAGTAAAA-3"; 7SK forward,
5-AAACAAGCTCTCAAGGTC-3' and reverse, 5'-CCTCATT
TGGATGTGTCT-3'; BCAR4 forward, 5-GGACTCATTGTT
GTTCTAC-3' and reverse, 5S'-ACCTATGGCTATCATTGTT-3
GASS forward, 5'-CCCAAGGAAGGATGAG-3' and reverse,
5'-ACCAGGAGCAGAACCA-3'; MEG3 forward, 5'-CTGCCC
ATCTACACCTCACG-3' and reverse, 5-CTCTCCGCCGTCT
GCGCTAGGGGCT-3"; CIQTNF9B -ASI forward, 5'-CGGCG
TGGTGTAGCGT-TC-3' and reverse, 5-GTGCAGCCTGCGA
CGGT-3'; Yiya forward, 5-TATCCTATTCTTAGCAACTG-3'
and reverse, 5'-ACATACCTGGCATATAGT-3"; ZNFX1-AS1
forward, 5'-CCAGTTCCACAAGGTTAC-3' and reverse, 5-GC
AGGTAGGCAGTTAGAA-3'; DNM30S forward, 5'-ATAGA
GCAAGTCTGGATT-3' and reverse, 5'-GGATGAGGCAATA
ACATT-3"; BCYRNI forward, 5-CTGGGCAATATAGCGA
GAC-3' and reverse, 5" TGCTTTGAGGGAAGTTACG-3";
GAPDH forward, 5-GAGTCAACGGATTTGGTCGT-3' and
reverse, S-TTGATTTTGGAGGGATCTC-3'. The detection and
quantification of mRNA expression involved the following
steps: first, reverse transcription was performed at 55°C for
30 min, initial activation for 15 min at 95°C, next 40 cycles of
denaturation were conducted at 94°C for 15 sec, then annealing
for 30 sec at 55°C, extension for 30 sec at 72°C. The expression
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Figure 1. Effects of quercetin on the viability of RAFLS cultured in RPMI-1640 medium with 10% FBS and treated with various concentrations of quercetin for
(A) 24 h, (B) 48 h and (C) 72 h. Each point is the mean + SD of 3 experiments. ““p<0.001 indicates significant difference compared to the controls.

level was normalized using U6 small nuclear RNA by the 24
method. The ACt values were normalized to GAPDH level.

Western blot analysis. To determine the protein expression
of signaling pathways which may be part of the molecular
mechanisms involved in the effects of quercetin on RAFLS,
western blot analysis was used. The cultured cells were lysed
in RIPA buffer consisting of 1% sodium dodecyl sulfate (SDS),
0.1 mM phenylmethylsulfonyl fluoride (PMSF) and complete
protease inhibitors (Roche, Mannheim, Germany). The
lysates were centrifuged at 13,000 x g for 15 min, and the
supernatants were frozen at -80°C until use. The BCA protein
assay kit (Pierce Chemical Co., Rockford, IL, USA) was used
to measure the protein concentration of the lysates. Protein
samples (20 ug) prepared as indicated above were resolved by
SDS-polyacrylamide gel electrophoresis and transferred onto
nitrocellulose membranes (Millipore Corp., Bedford, MA,
USA). After blocking in 5% non-fat milk in Tris-buffered saline
for 1 h at room temperature, the membranes were incubated in
primary antibodies [including rabbit polyclonal to caspase-3
(1:500, Cat. no. ab13847; Abcam, Cambridge, MA, USA), mouse
monoclonal to caspase-9 (1:300, Cat. no. sc-56076; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA), rabbit polyclonal to
Bax (1:500, Cat. no. ab10813; Abcam), rabbit polyclonal to Bcl2
(1:1,000,Cat.no.ab59348; Abcam), mouse monoclonal to GAPDH
(1:400, Cat. no. sc-365062; Santa Cruz Biotechnology, Inc.),
rabbit polyclonal to p-PI3K (1:300, Cat. no. BS4811; Biogot
Technology Co., Ltd., Nanjing, China), rabbit polyclonal to PI3K
(1:1,000, Cat. no. abl10813; Abcam), mouse monoclonal to Akt
(1:200, Cat. no. sc-5298; Santa Cruz Biotechnology, Inc.), mouse
monoclonal to p-Akt (1:800, Cat. no. ab38449; Abcam), rabbit
polyclonal to mTOR (1:2,000, Cat. no. ab2732; Abcam) and
rabbit polyclonal to p-mTOR (1:800, Cat. no. abl093; Abcam)],
followed by horseradish peroxidase-conjugated secondary anti-
body (both from Santa Cruz Biotechnology, Inc.). The blots were
scanned on the Fluor-S MAX Multilmager, and signal intensities
were determined using Quantity One image software (both from
Bio-Rad Laboratories, Inc., Hercules, USA).

Cell viability assay. To analyze RAFLS viability, the Cell
Counting kit-8 (CCK-8) (Dojindo Laboratories, Kumamoto,
Japan) was used in accordance with the manufacturer's instruc-
tions. An RAFLS suspension of 100 ml following treatment
with quercetin was plated in a 96-well plate supplemented with
DMEM supplemented with 10% FBS with various concen-

trations (0, 10, 50, 100, 150, 200 and 300 yM) of quercetin
(Sigma-Aldrich, St. Louis, MO, USA). Following culture for
24,48 and 72 h at 37°C with 5% CO,, CCK-8 (10 ml) was
added to each well. Following incubation for 1-4 h at 37°C with
5% CO,, the optical density (OD) values were measured using
an enzyme-labeled instrument (Varian Medical Systems, Inc.,
Palo Alto, CA, USA) at 450 nm.

Analysis of apoptosis. RAFLS apoptosis in the control,
si-MALATI and si-Scramble group was analyzed using an
Annexin V-fluorescein isothiocyanate (FITC) Apoptosis
Detection kit I (BD Pharmingen, Heidelberg, Germany)
according to the manufacturer's instructions. Following
transfection with si-MALAT]1 or si-Scramble, the cells were
collected by trypsinization and washed with phosphate-
buffered saline (PBS), and then plated on 6-well plates at the
concentration of 1x10° cells/ml. Following incubation for 72 h
at 37°C with 5% CO,, the cells were fixed by 70% pre-cooled
ethanol and 100 pl RNase (10 mg/ml) was then added. The cells
were then stained with 5 1 Annexin V-FITC and propidium
iodide (PI). The samples were then incubated for 15 min in the
dark. Apoptosis was analyzed using a FACSCalibur flow cytom-
etry with CellQuest software (both from Becton-Dickinson,
Mountain View, CA, USA). The cells undergoing apoptosis
were Annexin V-FITC-positive and PI-negative.

Statistical analysis. The differences between the quer-
cetin-treated and control cells were analyzed using the
Student's t-test and a probability value of p<0.05 was considered
to indicate a statistically significant difference. All statistical
analyses were performed using the SAS 6.12 software package.

Results

Cell viability following treatment with quercetin. In order
to examine the effects of quercetin on RAFLS viability, the
cells were treated with various concentrations of quercetin
for 24, 48 and 72 h and the RAFLS were then examined by
flow cytometry. The results of cell viability determined at 24,
48 and 72 h are shown in Fig. 1A-C, respectively. RAFLS
viability markedly decreased following treatment with
increasing concentrations of quercetin, and the cell viability
also markedly decreased in a time-dependent manner even at
the same quercetin concentration. The cell viability remained
stable at all time points examined when no quercetin was used.
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Figure 2. Effect of quercetin on the apoptosis of RAFLS treated with 200 xM quercetin for (A) 24 h, (B) 48 h and (C) 72 h. Cells were stained with propidium
iodide (PI) and analyzed by flow cytometry at 48 h post-transfection. Cells staining positive for Annexin V-fluorescein isothiocyanate (FITC) and negative for
PI at 48 h post-transfection were considered to have undergone apoptosis. Upper-left area, dead cells; upper-right area, late-stage apoptotic cells; lower-left area,

normal negative cells; lower-right area, early-stage apoptosis cells.

Cell apoptosis following treatment with quercetin. Apoptosis
plays a key role in tissue homoeostasis both under physiological
and pathological conditions (26). It has been demonstrated that
certain characteristic changes occur in the composition and struc-
ture of the inflamed synovial membrane in RA (27). Therefore,
in this study, the RAFLS apoptotic rate in the controls, or in the
cells treated with 200 M quercetin (effective concentration from
Fig. 1) for 24,48 and 72 h was analyzed and the results are shown
in Fig. 2. The apoptotic rate of the cells treated with quercetin for
24,48 and 72 h was 0.112, 1.36 and 0.120%, respectively. These
rates were much higher than those of the controls.

Treatment with quercetin results in the upregulation of
IncRNA MALATI. To explore the molecular mechanisms
responsible for the effects of quercetin on RAFLS, a PCR array
was used to analyze the changes in IncRNA expression. The
relative expression levels of IncRNAs which were differentially
expressed in the control and the group treated with quercetin
are shown in Fig. 3A. The IncRNAs examined included PCAT],
CBR3-AS1, WRAPS3, LSINCTS, HOTAIR, MALAT1, 7SK,
CIQTNF9B-AS1, BCAR4, GASS, MEG3, Yiya, ZNFX1-ASl,
HIF1A-AS1, DNM3OS and BCYRNI; these IncRNAs all
exhibited a difference in expression of =2-fold, and those with
the greatest differences in expression were marked. From these
IncRNAs listed, the most significantly differentially expressed
ones were selected: MALATI1, HOTAIR, MEG3, CBR3-AS1,
GASS and Yiya. To further analyze the differences in the
expression of these IncRNAs, their relative expression levels
in the control cells and in the cells treated with quercetin were
determined by qPCR and comparisons were made between the
2 groups of cells. As shown in Fig. 3B, MALAT1, HOTAIR
and MEG3 were upregulated, whereas CBR3-AS1, GASS
and Yiya were downregulated in cells treated with quercetin.
Moreover, MALATI1 was upregulated by approximately
4-fold; therefore, MALATI1 was selected as the key IncRNA
for analysis in the following experiments.

MALATI is necessary for the quercetin-induced apoptosis
of RAFLS. To further determine whether the upregulation of
MALAT]I is necessary for the quercetin-induced apoptosis
of RAFLS, siRNAs were used to knock down the expression
of MALAT1 and the results are shown in Fig. 4. The relative
expression of MALAT! in the RAFLS following transfection

with si-MALATI-1, -2, -3 was significantly decreased compared
with the cells transfected with si-Scramble. Following
transfection, western blot analysis was used to detect the
expression level of MALAT1 in different groups. Transfection
with si-MALATI1-2 induced the most significant decrease in
MALAT]I expression (Fig. 4). Thus, si-MALAT1-2 was selected
for use in the subsequent experiments.

We also examined the apoptosis of the control cells, and
those transfected with si-MALAT1 or si-Scramble and the
results are shown in Fig. 5. The apototic rate of the control cells,
and those transfected with si-MALAT]I or si-Scramble was
0.159,0.120 and 0.143%, respectively. This indicated the that the
knockdown of MALAT] inhibited the apoptosis of the RAFLS.

Knockdown of MALATI influences protein expression. To
explore the mechanisms responsible for the apoptosis induced
by quercetin, we examined the involvement of caspase-3 and
caspase-9 by measuring their expression levels in the cells in
which MALAT1 was knocked down by western blot analysis.
Bcl-2 family members have either pro-(i.e., Bax) or anti-apop-
totic (i.e., Bcl-2) activities. The proteins of the Bcl-2 family
regulate the mitochondrial pathway by controlling the permea-
bilization of the outer mitochondrial membrane in response to
many types of stress or damage (28). Therefore, in this study,
the expression of Bcl-2 and Bax was also determined. As shown
in Fig. 6A, the protein expression of caspase-3 and caspase-9,
as well as that of Bax in the cells transfected with si-MALAT1
was significantly lower than that of the cells transfected with
si-Scramble. The protein expression of Bcl-2 increased in the
cells transfected with si-MALATI1 compared with the cells
transfected with the blank or si-Scramble.

Activation of the PI3K/AKT pathway by MALATI knockdown.
The PI3K/AKT pathway is often aberrantly activated in
human cancers and contributes to enhanced cell proliferation
and metastasis (29,30). In this study, to whether MALAT1
regulates the proliferation of RAFLS, western blot analysis was
used to examine the effects of MALAT1 knockdown on two
relative signaling pathways. The expression levels of proteins
associated with the PI3K/AKT pathway were determined. As
shown in Fig. 6B, the downregulation of MALATT significantly
increased the levels of p-P13K, p-AKT and p-mTOR, and
decreased those of AKT; no detectable changes were observed
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Figure 3. Differentially expressed long non-coding RNAs (IncRNAs) control cells and cells treated with quercetin. (A) Relative levels of IncRNAs which were
differentially expressed in the control cells and cells treated with quercetin determined by PCR array. The marked IncRNAs exhibited a difference in expression
of =2-fold. (B) The relative expression of IncRNAs in the control cells and cells treated with quercetin.
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Figure 4. Relative expression of long non-coding RNA (IncRNA) MALATI
following transfection with sSiRNA-MALATI-1, -2, -3 (si-MALATI-1, -2, -3)
or siRNA-Scramble (si-Scramble). MALAT1 was downregulated following
transfection with si-MALAT]I.

in the levels of P13K and mTOR. These results indicated
that the knockdown of MALATI led to the activation of the
PI3K/AKT pathway. The relative optical density of p-P13K,

p-AKT and p-mTOR in the control cells, as well as in the cells
transfected with si-Scramble and or si-HOTAIR had been
determined previously and the results are shown in Fig. 7. The
relative optical density of p-P13K, p-AKT and p-mTOR in the
cells transfected with si-HOTAIR was higher than that of the
controls or the cells transfected with si-Scramble.

Discussion

RA is the most common type of inflammatory arthritis and
is characterized by the presence of activated T lympho-
cytes, macrophages and synoviocytes. It is a major cause of
disability (31,32). RA is also associated with degeneration of
cartilage and the erosion of juxta-articular bone, as well as
with an increased risk of cardiovascular disease (33,34). FLS
are resident mesenchymal cells of the synovial joints which are
recognized to play a key role in the pathogenesis of RA (35). It
can invade normal human cartilage and bone during the course
of RA (36,37). Quercetin, a member of the flavonoid family,
is an antioxidant that prevents the oxidation of low-density
lipoprotein in vitro by scavenging free oxygen radicals (21,38).
It has been shown to induce cell cycle arrest and apoptosis
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Figure 5. Effect of MALAT1 knockdown on the apoptosis of RAFLS. (A) Control. (B) Cells transfected with siRNA-Scramble (si-Scramble). (C) Cells trans-
fected with siRNA-MALATI (si-MALAT1). Upper-left area, dead cells; upper-right area, late-stage apoptotic cells; lower-left area, normal negative cells;
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Figure 6. MALAT1 knockdown inhibits the expression of caspase-3 and caspase-9, and activates the PI3K/AKT pathway. (A) Western blot analyses of the
caspase-3 and caspase-9, and Bax and Bcl-2 protein expression in RAFLS following transfection with siRNA-Scramble (si-Scramble) or siRNA-MALATT1 (si-
MALAT1). (B) Western blot analyses of the PI3K/AKT pathway-related proteins in RAFLS.
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Figure 7. Gray value of p-P13K, p-AKT and p-mTOR in quercetin-treated
RAFLS in the control and the group in which with long non-coding
RNA (IncRNA) HOTAIR was knocked down by siRNA.

in human breast cancer (22). In human hepatoma cell lines,
quercetin has been shown to induce apoptosis by activating

caspases, regulating Bcl-2, and inhibiting the activation of
the PI3K/AKT and ERK pathways (39). Moreover, it has also
been reported to have therapeutic potential for the treatment of
RA (24,40). In this study, we aimed to elucidate the molecular
mechanisms responsible for the effects of quercetin on RAFLS.

First, the viability of RAFLS following treatment with
various concentrations of quercetin for 24, 48 and 72 h was
determined. We found that RAFLS viability markedly
decreased following treatment with quercetin in a concen-
tration- and time-dependent manner. The determination of
the apoptosis of RAFLS following treatment with 200 yM
quercetin for 24, 48 and 72 h indicated that the apoptotic rate
increased significantly, which was consistent with the results
obtained in the study by Sung ef al (41). These results indi-
cate that quercetin decreases cell viability and promotes the
apoptosis of RAFLS. To elucidate the molecular mechanisms
involved, the differentially expressed IncRNAs were screened
in the RAFLS treated with quercetin by PCR array and qPCR,
and IncRNA MALAT]1 was selected for further analysis, as it
was the most significantly differentially expressed IncRNA.
Transcription generates ncRNAs or IncRNAs, which influ-
ence diverse cellular processes, such as cell proliferation, cell
cycle progression, apoptosis, or cell growth (42). IncRNAs
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have diverse modes of action and also regulate gene expres-
sion (43,44). MALAT]1 is an IncRNA that is highly expressed
in several types of tumor and its elevated expression is associ-
ated with hyper-proliferation (16,45). It plays a pivotal role in
colorectal cancer (CRC) metastasis, has been shown to play a
key role in the biological processes of cell proliferation, migra-
tion and invasion (13). It has been discovered as a marker for
lung cancer metastasis, and has been shown to be associated
with many RNA binding proteins and is highly conserved
throughout evolution (46). Therefore, we inferred that MALAT1
may be a key molecule involved in the mechanisms of action
of quercetin. In this study, RAFLS were treated with quercetin
after MALAT1 was knocked down and apoptosis was deter-
mined. The results revealed that the apoptotic rate of the cells
transfected with si-MALAT1 was almost the same as that of
the control cells; this indicated that the induction of apoptosis
can be prevented following treatjment with quercetin when
MALATT1 is knocked down. We thus inferred that MALATT is
essential for the apoptotic effects of quercetin in RA.

The protein expression of caspase-3 and -9, Bcl-2 and Bax was
determined by western blot analysis. The result revealed that the
expression of caspase-3 and caspase-9 and Bax decreased, and
that of Bcl-2 increased in the cells transfected with si-MALATI.
Caspases are crucial mediators of programmed cell death
(apoptosis) (47). Caspase-3 is a member of the cysteine protease
family, which plays a key role in apoptotic pathways by cleaving a
variety of key cellular proteins (48). It can be activated by various
death-inducing signals, including chemotherapeutic agents (49).
Caspase-9 is a member of the caspase family of cysteine
proteases that have been implicated in apoptosis and cytokine
processing (50). It is one caspase upstream of caspase-3 and its
activation is stimulated by Apaf-1/cytochrome ¢ and inhibited
by AKT signals (51). It is critical for cytochrome c-dependent
apoptosis and normal brain development (52). Bcl-2 family
members have been proposed to play a key role in regulating
apoptosis (53). The Bcl-2 family can be divided into three
classes: the anti-apoptotic Bcl-2, the pro-apoptotic Bax and
the BH3-only subfamilies (54). Bax is essential for the death
receptor-mediated apoptosis of cancer cells (55). Bcl-2 is an inte-
gral membrane protein located mainly on the outer membrane
of mitochondria (56). It inhibits most types of apoptotic cell
death, implying a common mechanism of lethality (57). The
Bcl-2/Bax ratio has been identified to be of clinical relevance in
B-cell chronic lymphocytic leukemia (CLL) (58). In this study,
the activities of caspase-3 and caspase-9 were reduced, and
the Bcl-2/Bax ratio was increased following the knockdown of
MALATI. We thus concluded that the apoptosis of RAFLS was
inhibited by MALAT1 knockdown.

The relative protein expression of p-P13K, p-AKT, p-mTOR,
AKT, P13K and mTOR in the quercetin-treated RAFLS was
determined. MALAT1 knockdown significantly enhanced the
expression of p-P13K, p-AKT and p-mTOR and reduced the
expression of AKT. However, no detectable changes in P13K
and mTOR protein expression were observed. The PI3K/AKT
signal transduction cascade has been investigated extensively
for its roles in oncogenic transformation (59). PI3K/AKT can
regulate the signaling of multiple biological processes such as
apoptosis, metabolism, cell proliferation and cell growth (60).
Both PI3K and AKT play a role in the prevention of apoptosis.
Therefore, we concluded that the knockdown of MALAT1
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inhibits cell growth and metastasis by activating the PI3K/
AKT signaling pathway. Moreover, the relative optical density
of p-P13K, p-AKT and p-mTOR also increased when HOTAIR
was knocked down.

In conclusion, in the present study, we found that MALATI
expression was significantly upregulated in the quercetin-
treated RAFLS. The knockdown of MALAT] inhibited the
apoptosis of RAFLS and led to the activation of the PI3K/AKT
pathway. Therefore, we concluded that quercetin promotes
RAFLS apoptosis by upregulating IncRNA MALATI.
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