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[ABSTRACT] During the pathogensis  of  rheumatoid arthritis  (RA),  activated RA fibroblast-like synoviocytes (RA-FLSs) combines
similar proliferative features as tumor and inflammatory features as osteoarthritis, which eventually leads to joint erosion. Therefore, it
is imperative to research and develop new compounds, which can effectively inhibit abnormal activation of RA-FLSs and retard RA
progression. Neohesperidin (Neo) is a major active component of flavonoid compounds with anti-inflammation and anti-oxidant prop-
erties.  In  this  study,  the  anti-inflammation,  anti-migration,  anti-invasion,  anti-oxidant  and  apoptosis-induced  effects  of  Neo  on  RA-
FLSs were explored to investigate the underlying mechanism. The results suggested that Neo decreased the levels of interleukin IL-1β,
IL-6, IL-8, TNF-α,  MMP-3, MMP-9 and MMP-13 in FLSs. Moreover, Neo blocked the activation of the MAPK signaling pathway.
Furthermore, treatment with Neo induced the apoptosis of FLSs, and inhibited the migration of FLSs. It was also found that Neo re-
duced the accumulation of reactive oxygen species (ROS) induced by TNF-α. Taken together, our results highlighted that Neo may act
as a potential and promising therapeutic drug for the management of RA.
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INTRODUCTION

Rheumatoid  arthritis  (RA)  is  an  inflammatory  and
autoimmune  disease characterized  by  synovial  hyperplasia
and joint  destruction,  which  is  a  leading  cause  of  high  mal-
formation and disability in patients [1]. The typical inflammat-
ory  site  of  RA  is  activated  fibroblast-like  synoviocytes
(FLSs), which  show  increased  proliferation,  prolonged  sur-
vival, and inflammatory effects. RA-FLSs are the manifesta-
tion  of  synovitis,  which  may  result  in  joint  destruction  with
cartilage  and  bone  loss  due  to  lack  of  timely  and  effective
treatment [2].  The  mitogen-activated  protein  kinase  (MAPK)
signaling  pathway including  p38,  extracellular  signal-regu-
lated kinase (ERK), and Jun N-terminal kinase (JNK), is wide-
spread  in  various  organisms, which  serves  a  critical  role  in
gene  expression  regulation  process.  This  signaling  cascade

has  attracted  increasing  interest  due  to  its  association  with
multiple  pathophysiological  processes,  such  as  proliferation,
inflammatory, apoptosis and oxidative stress [3]. Furthermore,
MAPK activation  is  considered  to  participate  in  the  pathso-
genesis of RA [4, 5]. With respect to the role of the MAPK sig-
naling  pathway in  regulating  RA,  MAPK has  been  regarded
as  a  potential  drug  target  in  the  treatment  of  RA.  However,
most of  MAPK inhibitors  still  fail  in phase III  RA trials  be-
cause of their toxicity or poor efficacy [6].

Neohesperidin  (Neo,  hesperetin  7-O-neohesperidoside,
Fig. 1A) is a flavone compound isolated from various dietary
sources,  such  as  olive  leaves [7] and  citrus  fruits [8],  while  it
can also be extracted from certain medicinal herbs [9, 10]. Neo
exerts  anti-inflammatory [11, 12],  anti-oxidant [13],  anti-prolifer-
ative [14],  apoptosis-promoting [15],  and  anti-bacterial  effe-
cts [16],  and  can  inhibit  intracellular  ROS  accumulation  in
many  diseases [17].  An  interesting  approach  using  flavone
compound as  a  MAPK regulator  as  described by an in  vitro
study  showed  that  polyphenols  can  significantly  affect  the
MAPK pathway [18]. Neo can induce apoptosis in human pan-
creatic cells [15]. In addition, Neo has been reported to protect
against liver  injury  in  mice  and  cancers  like  colorectal  tum-
origenesis  and  breast  adenocarcinoma [19-21].  With  respect  to
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the  characteristics  of  RA  as  a  typical  chronic  inflammatory
autoimmune  disease,  Neo  may  act  as  a  potential  natural
product and exert anti-inflammatory and chemopreventive ef-
fects  against  RA.  However,  little  information  is  available
concerning the protective  effect  of  Neo  against  RA.  There-
fore, in this study, the role of Neo in the treatment of RA was
investigated and the underlying molecular mechanisms, espe-
cially migration, invasion and proinflammatory cytokines in-
volved were explored. 

Materials and Methods
 

Chemicals and reagents
DMEM  medium  was  purchased  from  Hyclone  (Logan

City, Utah,  USA).  RNA  reverse  transcription  and  poly-
merase  chain  reaction  system  was  from  TaKaRa  (TaKaRa
Bio,  Japan).  Goat  anti-rabbit  IgG  and  goat  anti-mouse  IgG
were  purchased  from  Wuhan  Sanying  Biology  Technology
Co.,  Ltd.  (Wuhan,  China).  Recombinant  human  TNF-α was
purchased  from  R&D  (Minneapolis,  MN,  USA).  The  cell
counting  kit-8,  DCFH-DA  ROS  detection  kit,  trypsin,  cell
lysis solution  (RIPA)  and  penicillin-streptomycin  were  sup-

plied by Beyotime (Shanghai, China). Collagenase II was ob-
tained from Sigma (St. Louis, USA). Fetal bovine serum was
purchased  from  CLARK  (Virginia,  USA).  ELISA  kit  was
bought  from  Dakewe  Biotech  Co.,  Ltd.  (Shenzhen,  China).
TRIzol  reagent  was  obtained  from  Invitrogen  (CA,  USA).
Neo, and indometacin (purity > 98%) were bought from MCE
China (Shanghai, China). Anti-cleaved caspase-3, Bax, Bcl-2,
p38,  phosphorylated  p38,  JNK,  phosphorylated  JNK,  ERK,
phosphorylated-ERK antibodies were obtained from Cell Sig-
naling Technology (Boston,  USA).  Anti-MMP3, MMP9 and
MM13 antibodies were purchased from Wuhan Sanying Bio-
logy Technology  Co.,  Ltd.  (Wuhan,  China).  Matrigel  base-
ment membrane matrix was purchased from BD Biosciences
(Oxford, UK). Annexin V-FITC apoptosis kit was purchased
from Santa CruzJ. Biotechnology, Inc. (TX, USA). Transwell
chamber was bought from Biosciences (CA, USA). 

Human primary FLS extraction and culture
Human synovium  tissues  were  obtained  from  RA  pa-

tients. All the patients were diagnosed according to the Amer-
ican College of Rheumatology (ACR) 1987 classification cri-
teria  for rheumatoid  arthritis [22]. The  fat,  muscle  and  liga-
ment tissues were removed on an aseptic operation platform,
and washed with PBS (including penicillin-streptomycin) for
several  times,  to  wipe  away blood and fat  particles  as  much
as possible. Then, the synovium tissue sample was cut into 1
mm  ×  1  mm  ×  1  mm  pieces  with  sterilized  scissors  and
evenly  pasted  in  a  25  cm2 culture  bottle.  Then,  the  culture
bottle was slowly erected, to which about 3 mL of high gluc-
ose medium containing 10% FBS was slowly added. Then the
bottle  was vertically  placed into an incubator  at  37 °C in an
atmosphere of 5% CO2. After about 3−6 h, the culture bottle
was  placed  in  a  horizontal manner,  so  that  the  tissues  were
submerged  within  the  culture  medium.  Finally,  the  culture
bottle  was  placed  into  the  incubator  for  further  cultivation.
All  the  procedures  were  complied  with  the  rules  enacted  by
the  Medical  Ethics  Committee  of  Anhui  Medical  University
(reference  No.:  Quick-PJ-2020-06-19)  and  followed  the
guidelines of the Declaration of Helsinki and the Internation-
al Ethical Guidelines for Biomedical Research Involving Hu-
man Subjects. 

Cell viability assay
First, the toxicity of Neo on RA-FLS viability was evalu-

ated. The cell viability was determined by cell counting kit-8
(CCK-8) assay. RA-FLSs (1 × 104 cells/well) were seeded in-
to 96-well  plates  and treated with  Neo at  various  concentra-
tions  (0.0,  10.0,  20.0,  30.0,  40.0,  50.0,  60.0  and  70.0
μmol·L−1) for 48 h. Then, CCK-8 (10 μL) was added to each
well  of  the  plate,  and  their  optical  density  values  at  450 nm
were  determined  by  a  microplate  reader.  The  cell  viability
was calculated using the following equation: Cell viability =
[OD (Neohesperidin) − OD (blank)] / [OD (control) − OD (blank)]. 

Western blot
RA-FLSs were lysed with a mixture of RIPA buffer and

PMSF  (100  :  1),  and  protein  concentrations  were  measured
using a BCA kit after total protein was purified by high-speed
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Fig. 1    Chemical structure and the effect of Neo on RA-FLS
viability. (A) Chemical structure of Neo. (B) RA-FLSs in 96-
well plates were treated with different concentrations of Neo
(0.0,  10.0,  20.0,  30.0,  40.0,  50.0,  60.0  and  70.0  μmol·L−1)  for
24 h.  The  medium  was  removed  and  cell  viability  was  ana-
lyzed by CCK-8 assay. All data are expressed as mean ± SD
(n =  3).  Statistical  difference  is  represented  by ***P <  0.001,
**P < 0.01, *P < 0.05 vs blank group
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cryogenic centrifugation (12 000 g·min−1, 10 min, 4 °C). The
supernatants  mixed  with  5  ×  SDS-PAGE  Sample  Loading
Buffer were separated on 10% SDS-PAGE gel, and then elec-
trophoretically transferred  to  PVDF  membrane  (GE  Health-
care).  The membrane was blocked in  TBST-5% nonfat  milk
at  room  temperature  for  1  h  and  then  incubated  at  4  °C
overnight  with  primary antibodies  (MMP-3,  MMP-9,  MMP-
13,  p38,  P-p38,  JNK,  P-JNK,  ERK,  P-ERK,  Bcl-2,  Bax and
cleaved-caspase3),  followed  by  incubation  with  TBST-5%
nonfat  milk  containing  goat  anti-rabbit  IgG  or  goat  anti-
mouse IgG at  room temperature for 2 h.  The membrane was
washed with TBST solution before detection of chemilumin-
escence using BeyoECL Plus. 

RT-qPCR
Total  cellular  RNA  containing  mRNA  was  extracted

from RA-FLSs  by  TRIzol  Reagent  following  the  manufac-
turer’s instructions. Then, cDNA was synthesized from equal
amounts of RNA using 5 × HiScript II qRT SuperMix II in a
PTC-100 Programmable  Thermal  Controller.  Gene  expres-
sion  was  measured  by  RT-qPCR  on  an  Agilent  Mx3000p.
The amplification program was listed as follows: predenaturation
at  95  °C  for  30  min,  then  40  cycles  of  95  °C  for  5  s  and
60 °C for 30 s. Relative gene expression was analyzed by the
2−ΔΔCt method. Primer sequences are shown in Table 1. Indo-
methacin  was  used  as  a  positive  control,  and  the  levels  of
MMP9, MMP13, IL-1β, IL-6, IL-8, and TNF-α mRNA were
detected. 

Measurement  of  cytokines  by  Enzyme-linked  Immunosorbent
Assay (ELISA)

The levels of TNF-α,  IL-1β, IL-6 and IL-8 in the super-
natants were  measured  by  human  enzyme-linked  immun-
osorbent assay (ELISA) kits according to the manufacturer’s
instructions. The absorbance of each well was read at 450 nm
using a  microplate  reader.  All  the  experiments  were  per-
formed in triplicate. 

Measurement of cell invasion by transwell
Cell invasive ability was assessed by transwell chamber.

Cells  were  trypsinized  and  re-suspended  with  serum-free
DMEM medium at a final concentration of 5 × 104/mL. Then,
200 μL cell suspension was added into the upper chamber of
the Transwell  Insert  which  was  coated  with  Matrigel  base-
ment membrane matrix, while 500 μL DMED with 10% FBS
was placed in the lower wells as a chemoattractant. After 12-
24 h of incubation at 37 °C in an atmosphere of 5% CO2 , the
non-migrating cells on the upper surface of the chamber were
removed using a cotton swab. The cells adhering beneath the
chamber, which  went  through  the  Matrigel  basement  mem-
brane  matrix,  were  fixed  with  methanol  for  15  min  and
stained  with  0.1% crystal  violet  for  15  min.  The  filter  was
carefully removed with a knife and fixed on a glass slide with
resin. The cells were quantified by counting the stained cells
that were migrated to the lower side of the filter under an op-
tical microscope. The stained cells were counted as the mean
number of cells per six random fields under a contrast micro-
scope. 

Measurement of cell migration by wound healing assay
RA-FLSs  were  placed  into  a  6-well  culture  plate  and

grown  to  more  than  90% confluence.  The  cells  were
scratched using a 100 μL sterile pipette tip and washed with
PBS twice.  DEME medium containing 10% FBS was added
to each well with different concentrations of Neo. After 24 h
and 36  h,  the  images  for  wound areas  were  captured  at  ran-
dom fields using an inverted fluorescence microscope (Olym-
pus,  Tokyo,  Japan)  in  three  separate  experiments.
ImageJ2.43s was used to calculate the mobility ratio, and the
mobility  ratio  was  presented as  the  percentage by which the
original scratch area decreased at each indicated time point. 

Annexin V assay
Cell apoptosis was assessed by the Annexin V-FITC Ap-

optosis  Kit  according  to  the  manufacturer’s  protocol.  Cells
were seeded in 6-well plates at a density of 5 × 105 cells/well
overnight. Briefly, the cells were pretreated with 5, 10, 15 or
30 μmol·L−1 Neo for  24  h  and washed with  PBS,  before  in-
cubation with 5 μL Annexin V-FITC and 5 μL PI in the dark-
ness at room temperature for 20 min. Then, the apoptotic rate
was analyzed at  488 nm (excitation)  and 525 nm (emission)
by  a  FACSCalibur  flow  cytometer  (Becton  &  Dickson,  San
Jose, California). 

Intracellular ROS detection
The  amounts  of  reactive  oxygen  species  (ROS)  in  RA-

FLSs were measured by the ROS kit. Cells were seeded at a
density  of  5  ×  105cell/well  in  6‐ well  plates  and  cultured

 
Table 1    Primer pairs for RT-PCR

Gene Primers sequences

IL-1β Forward: 5′-GGACAAGCTGAGGAAGATGC-3′

Reverse: 5′-TCGTTATCCCATGTGTCGAA-3′

IL-6 Forward: 5′-GAAAGCAAAGAGGCACT-3′

Reverse: 5′-TTTCACCAGGCAAGTCTCCT-3′

IL-8 Forward: 5′-GGCTTGCTAGGGGAAATGA-3′

Reverse:5′-AGCTGACTCTGACTAGGAAACTT-3′

MMP-9 Forward: 5′-GCACGACGTCTTCCAGTACC-3′

Reverse: 5′-GGTTCAACTCACTCCGGGAA-3′

MMP-13 Forward: 5′-GACTTCCCAGGAATTGGTGA-3′

Reverse: 5′-TGACGCGAACAATACGGTTA-3′

TNF‐α Forward:5′-AGACCTTAGACTGGAGAGATGA-3′

Reverse:5′-CAAAGACACCTGGCTGGCTGTAAC-3′

OPG Forward: 5′-CTGCTTATAACTGGAAATGGCC-3′

Reverse: 5′-CTGTGGCAAAATTAGTCACTGG-3′

RANKL Forward: 5′-CCCACAATGTGTTGCAGTTC-3′

Reverse: 5′-TCCTGAGACTCCATGAAAACG-3′

GAPDH Forward: 5′-ACCCAGAAGACTGTGGATGG-3′

Reverse: 5′-TTCAGCTCAGGGATGACCTT-3′
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overnight,  before  exposure  to  various  concentrations  of  Neo
for 24 h. DCFH-DA was diluted to 10 μmol·L−1 and added 1
mL  in  each  well.  Subsequently,  the  cells  were  incubated  in
the  darkness  at  37  °C  for  30  min  and  washed  with  PBS for
three times. Then, the representative bright-field and DCFH-
DA fluorescence  photomicrographs  were  immediately  ana-
lyzed  under  an  inverted  fluorescence  microscope  (Olympus,
Tokyo, Japan). 

Statistical analysis
Statistical analysis was performed following the proced-

ures of GraphPad Prism 5.0. All data are expressed as mean ±
SD.  The  one-way  analysis  of  variance  (ANOVA)  SPSS
V.23.0  (SPSS  Inc.,  Chicago,  USA)  was  used  to  analyze  the
differences  between  groups. P <  0.05  was  considered  to  be
statistically significant. 

Results
 

Effects of Neo on RA-FLS viability
RA-FLSs were treated with Neo at the concentrations of

0.0,  10.0,  20.0,  30.0,  40.0,   50.0,  60.0 and 70.0 μmol·L−1 for
48 h. As shown in Fig. 1 B, the results of the CCK-8 assay in-
dicated  that  10,  20,  and  30  μmol·L−1 Neo  resulted  in  98%,
92% and 86% cell viability, respectively. However, the viab-
ility less than 80% was documented at  much higher concen-
trations  of  Neo (> 30 μmol·L−1), which was  remarkalby dif-
feret  from the  control  at  30  μmol·L−1 and  above  (P <  0.05).
With respect  to the lower viability of  RA-FLSs,  the concen-
trations of 5–30 μmol·L−1 of Neo were used in the following
studies concening its effects on RA-FLSs. 

Suppression of Neo on the inflammation of RA
As  illustrated  in Figs.  2A, B,  dramatic  increases  in  the

amouts  of  MMP3,  MMP9 and MMP13 were detected in  the
TNF-α-stimulated  group.  Nevertheless,  such  changes  were
reduced by pretreatment with Neo in a dose-dependent man-
ner.  According to  ELISA and qRT-PCR analyses,  the  levels
of  pro-inflammatory  cytokines,  including  IL-1β,  IL-6,  IL-8,
and  TNF-α decreased  by  Neo  treatment  in  a  concentration-
dependent manner (Figs. 2C−N). Furthermore, qRT-PCR res-
ults  indicated  that  Neo  up-regulated  the  expression  of  OPG
mRNA and down-regulated RANKL expression in RA-FLSs
(Figs.  2I, J). These  findings  demonstrated  the  inhibitory  ef-
fect of Neo on the inflammation of RA. 

Neo inhibits the migration and invasion of primary RA-FLS
RA is characterised by the invasion and migration of RA-

FLSs [23].  As  shown  in Figs.  3A, B, compared  with  the  un-
treated  group,  the  number  of  cells  that  passed  through  the
Matrigel (blue-purple spots) decreased as the drug concentra-
tion increased. To further investigate the effect of Neo on the
migration of  RA-FLSs,  the  wound  healing  assay  was  per-
formed. Then, 24 h after scratching, RA-FLSs started to mi-
grate  into  the  blank  area.  It  was  noticeable  that  the  cells
treated with 5, 10, or 30 μmol·L−1 Neo migrated less than the
control cells (26.0%, 16.2% and 9.2% vs 36.9%), and the dif-
ference  became  more  evident  after  36  h  (41.0%,  29.2% and
18.2% vs 52.9%). Fig.  3 shows  that  at  both  24  h  and  36  h
(Figs.  3C, D), RA-FLS  migration  was  significantly  sup-

pressed by Neo in a concentration- and time-dependent man-
ner.  The  relative  migration  was  calculated  accroding  to  the
ratio of the migrated cells, and the wound healing assay was
conducted in triplicate. 

Neo alleviates ROS production in RA-FLSs
ROS, an essential and direct source of oxidative injury, is

often  used  as  an  indicator  of  oxidative  stress.  As  shown  in
Figs.  4A, B,  after  exposure  to  TNF-α,  the  intensity  of  green
fluorescence  was  stronger  than  that  in  the  blank  group.
However,  this  change  was  remarkably  reversed  after  the
treatment of  Neo.  The  intensity  of  intracellular  ROS  de-
creased  in  a  concentration-dependent  manner.  These  results
indicated that Neo prevents RA-FLSs from intracellular ROS
generation. 

Effects of Neo on RA-FLS apoptosis
Flow  cytometry  was  used  to  investigate  the  function  of

Neo on cell apoptosis. As shown in Figs. 4C, D, the apoptos-
is  rate  of  RA-FLSs  increased  after  treatment  with  Neo.
Moreover, with  an  increased  concentration  of  Neo,  the  per-
centage of  apoptotic  cells  was  continuously  elevated.  West-
ern  blot  was  used  to  measure  the  levels  of  Bcl-2,  Bax  and
cleaved-caspase3.  As  shown  in Figs.  5E, F,  treatment  with
Neo  substantially  down-regulated  the  expression  of  Bcl-2,
while  up-regulating  the  expression  of  Bax  and  cleaved-cas-
pase 3 in a dose-dependent manner, with a decreased ratio of
Bcl-2/Bax. These results revealed that Neo can promote RA-
FLS apoptosis, contributing to inhibition of RA-FLS growth. 

Neo suppresses the activation of MAPK pathway induced by
TNF-α in RA-FLSs

Mitogen-activated protein kinase (MAPK), which plays a
major  role  in  intracellular  oxidative  stress  response  and  is
embedded  in  a  highly  active  signaling  cascade  in  RA-
FLSs [5], is involved in the pathophysiological process of pro-
liferation,  differentiation,  apoptosis  and  invasion [3].  Since
Neo inhibited  the  expression  of  MMP-3,  MMP-9,  MMP-13,
IL-6, IL-1β and TNF-α in RA-FLSs and suppressed the viab-
ility  and  invasion  of  RA-FLSs,  it  is  necessary  to  investigate
the  invovlement  of  the  MAPK  signaling  pathway  in  these
cells. As depicted in Fig. 5, administration of TNF-α remark-
ably  activated  the  phosphorylation  levels  of  p38,  ERK  and
JNK, while treatment with Neo resulted in significant down-
regulation in  the  expression  of  the  above  indicators  com-
pared  with  the  blank  group  and  TNF-α-treated  group,  in  a
concentration-dependent  manner.  These  data  suggested  that
Neo  exerts  its  function  on  RA-FLSs  at  least  partly  through
suppressing the MAPK signaling pathway. 

Discussion

RA-FLS  is  a  special  step  during  the  pathologenesis  of
RA,  where  persistent  inflammatory  reactions  occur.  It  can
also lead to cartilage degradation and bone destruction due to
the  tumor-like  properties  of  synovial  hyperplasia.  However,
the application of RA-FLS-targeting drugs like DMARD has
been  limited  to  clinical  practice  in  light  of  its  high  cost  and
adverse reactions like toxicity in vivo. The development of ef-
fective medicine on RA remains an ongoing challenge. In the
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Fig. 2    Effect of Neo on the expression of inflammatory factors in RA-FLSs. (A−B) The amounts of MMP3, MMP9 and MMP-13
in RA-FLSs were measured by Western blot. (C−J) The gene expression of MM9, MMP13, IL-1β, IL-6, IL-8, TNF-α, RANKL,
and OPG in RA-FLSs was detected by RT-qPCR. (K−N) The levels of IL-1β, IL-6, IL-8 and TNF-α in the supernatant of RA-
FLSs were measured by ELISA. All data are expressed as mean ± SD (n = 3). Statistical difference is represented by ***P < 0.001,
**P < 0.01, *P < 0.05 vs TNF-α sitimulated group. ###P < 0.001, ##P < 0.01, #P < 0.05 vs blank group
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 current  study,  natural  products  were  focused,  and  a  novel
function  of  Neo  was  found,  which  suppressed  tumour-like
properties  of  RA-FLSs  through  inhibiting  its  inflammation,
invasion,  migration,  and  ROS  production  while  inducing  its
apoptosis. Our results further revealed that Neo can alleviate
RA which are greatly assoicated with the MAPK pathway.

During the  pathogenesis  of  RA,  pro-inflammatory  cy-
tokines and MMPs are produced and secreted after the activa-
tion of RA-FLSs, which has become two of the major factors
for  inflammation  and  joint  destruction [24].  It  is  well  known
that pro-inflammatory cytokines such as IL-1β, IL-6 and TNF-
α, play an important role in the inflammatory response of RA.
Cartilage destruction  and  bone  erosion  are  largely  attribut-
able  to  increased  expression  of  MMPs  secreted  by  RA-
FLSs [25, 26].  Among the MMPs, MMP-3, MMP-9 and MMP-
13 are  reported to  be  involved in  RA progression [27]. Previ-
ous  experiments  confirmed  that  RA-FLSs  can  be  activated
and  the  production  of  inflammatory  cytokines  can  increase
upon  stimulation  with  10  ng·mL−1 TNF-α [28].  Our  study
showed  that  Neo  inhibited  MMP-3,  MMP-9  and  MMP-13
production  in  TNF-α-stimulated RA-FLSs  as  well  as  secre-
tion  of  IL-1β,  IL-6  and  IL-8  at  the  concentrations  of  5−30
μmol·L−1.  Further  experiments  without  exogenous  TNF-α-

stimulation  showed  that  Neo  still  alleviated  inflammation
compared  with  the  blank  group.  In  addition,  Neo  u-pregu-
lated  the  expression  of  OPG  mRNA  while  down-regulated
RANKL  expression  in  RA-FLS  cells,  which  suggested  that
Neo can alleviate bone damage and osteoporosis in RA. The
MAPK signaling  pathway,  by  which  inflammatory  stimu-
lants  contribute  to  its  activation,  includes  ERK,  p38  and
JNK [29, 30]. Notably, p38 activation regulates the expression of
pro-inflammatory  cytokines [31].  Erk1/2  activation  plays  an
important  role in the macrophages of RA through regulating
cytokine  production via transcriptional  and  post-transcrip-
tional  mechanisms [32].  In  this  study,  pretreatment  of  Neo
blocked  the  phosphorylation  of  ERK,  JNK and  p38  MAPK.
Therefore,  the  MAPK  signaling  pathway  may  be  correlated
with Neo’s anti-inflammation properties.

Among all the reported mechanisms about synovium hy-
perplasia,  inadequate  apoptosis  is  the  most  basic,  dominant,
and generally accepted oppinion. Among all the reported mo-
lecules  and  receptors  in  the  regulation  of  cell  apoptosis,  the
MAPK  signaling  pathway  is  significantly  involved,  which
plays a dominant role in cell proliferation and apoptosis [33, 34].
As a distal component of the MAPK pathway, ERK acts as a
key regulator  in  the  cascade of  some kinases  and activity  of
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Fig. 3    Inhibitory effect of NEO on the invasion and migration of RA-FLSs. (A, B) Invased cells were detected by counting the
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transcription factors. Therefore, ERK serves as a critical nuc-
lear  factor  for  cell  apoptosis  process [35, 36]. Once  the  phos-
phorylation of  ERK1/2 is  activated,  it  will  result  in  elevated
levels of Bcl-2 protein, thus influencing the proliferation and
apoptosis  of  cells.  Caspase-3 plays  a  very significant  role  in
the execution phase of apoptosis. Bcl-2 family consists of anti-
apoptotic  proteins  (Bcl-2)  and  pro-apoptotic  proteins  (Bax).

The Bcl-2/Bax ratio as an index can determine the survival or
death of cells following an apoptotic stimulus [37]. Our results
indicated that the apoptosis rate in RA-FLS cells evidently in-
creased  after  administration  of  Neo  and  the  increased  Bcl-
2/Bax  ratio  was  observed  by  Western  blot.  Moreover,  Neo
significantly  suppressed  the  invasion  and  migration  of  RA-
FLSs. The reason may be that Neo promotes the apoptosis of
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RA-FLSs  and  inhibits  its  migration  and  invasion,  through
down-regulating the activity of the MAPK signaling pathway.

Cells can produce cytokines such as superoxide radicals,
hydrogen  peroxide  and  hydroxyl  radicals  under  the  stress,
which are generally called ROS. According to relevant stud-
ies,  ROS  production  may  result  from  the  transfer  of  excess
unpaired electrons in the oxidative respiratory chain to O2 

[38].
It  is  reported  that  a  moderate  increase  in  intracellular  ROS
level promotes cell proliferation, whereas excessive amounts
of  ROS trigger  cell  damage  and  induce  cell  apoptosis [39, 40].
Furthermore, previous  studies  indicated  that  ROS is  particu-
larly relevant  to  the  dysfunction  of  mitochondrial  in  inflam-
matory diseases, especially in RA [41]. Another study demon-
strated  that  RA-FLS  cells  display  increased  production  of
ROS, while ROS can mediate the migration of RA-FLSs and
angiogenesis in RA [42].  Recently,  it  has been confirmed that
the increased ROS production in RA-FLS cells facilitates mi-
tochondrial dysfunction, thereby accelerating the pathologen-
esis  of  RA [43].  Our  results  supported  the  notion  that  TNF-α
induces the production of ROS [44],  while ROS accumulation
is remarkably reversed after treatment of Neo in a concentra-
tion-dependent manner.

The functional  link  between  ROS  and  MAPK  still  re-
mains poorly understood. It  was reported that H2O2 signific-
antly  increased  the  phosphorylation  of  p38  MAPK  and
Erk1/2, indicating the important role of ROS in mediating the
MAPK signaling pathway [45]. Since Neo is capable of dimin-
ishing osteoclast  resorption activity  and inhibiting ROS pro-
duction through inhibiting the MAPK signaling pathway [46],
it is assumed that reduction of intracellular ROS level in RA-
FLS  cells  may  also  be  one  of  the  reasons  for  inhibiting  the
MAPK signaling cascade.

Taken together,  this  study demonstrated that  Neo exerts
remarkable  inhibitory  effects  against  inflammation  in  RA-
FLS cells, and exhibits anti-migration, anti-invasion,, anti-ox-
idative,  and apoptosis-induced effects.  It  is  demonstrated for
the first time the regulatory effect of Neo on RA-FLSs poten-
tially via the  MAPK  signaling  pathway.  These  results  may

provide preliminary experimental evidence for supporting the
treatment of Neo against RA.  
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