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Abstract

Tumor necrosis factor-a (TNF-a) is a pro-inflammatory cytokine produced by monocytes/
macrophage that plays a pathological role in rheumatoid arthritis (RA). In this study, we
investigate the effect of thymoquinone (TQ), a phytochemical found in Nigella sativa, in
regulating TNF-a-induced RA synovial fibroblast (RA-FLS) activation. Treatment with TQ (1-5
uUM) had no marked effect on the viability of human RA-FLS. Pre-treatment of TQ inhibited TNF-
a-induced interleukin-6 (IL-6) and IL-8 production and ICAM-1, VCAM-1, and cadherin-11
(Cad-11) expression in RA-FLS (p<0.01). Evaluation of the signaling events showed that TQ
inhibited TNF-a-induced phospho-p38 and phospho-JNK expression, but had no inhibitory effect
on NF-xB pathway, in RA-FLS (p<0.05; n=4). Interestingly, we observed that selective down-
regulation of TNF-a-induced phospho-p38 and phospho-JNK activation by TQ is elicited through
inhibition of apoptosis-regulated signaling kinase 1 (ASK1). Furthermore, TNF-a selectively
induced phosphorylation of ASK1 at Thr845 residue in RA-FLS, which was inhibited by TQ
pretreatment in a dose dependent manner (p<0.01). Pre-treatment of RA-FLS with ASK1 inhibitor
(TC ASK10), blocked TNF-a induced expression of ICAM-1, VCAM-1, and Cad-11. Our results
suggest that TNF-a-induced ASK1-p38/INK pathway is an important mediator of cytokine
synthesis and enhanced expression of adhesion molecule in RA-FLS and TQ, by selectively
inhibiting this pathway, may have a potential therapeutic value in regulating tissue destruction
observed in RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disorder characterized by cellular
infiltration and proliferation of synovium, leading to progressive destruction of the joints
(Ahmed et al., 2008; Smolen and Aletaha, 2009). Antigen-activated CD4+ T cells stimulate
monocytes, macrophages, and synovial fibroblasts (FLS) to produce cytokines such as
interleukin-1p (IL-1p), IL-6, and tumor necrosis factor-a (TNF-a). These proinflammatory
cytokines are master regulator of chronic inflammation and tissue destruction in RA (Choy
and Panayi, 2001; lwamoto et al., 2008; Jones et al., 2013). In response to these cytokines,
FLS produce chemokines, matrix metalloproteinases (MMPs), and adhesion molecules that
further promote inflammation, hyperplasia and cartilage destruction (Ahmed et al., 2006;
Vaillancourt et al., 2011; Jones et al., 2013).

TNF- a is a potent cytokine that exerts diverse effects by stimulating a variety of cells
(Abdel-Aziz et al., 2013). It is mainly produced by monocytes and macrophages, but also by
B-cells, T-cells, and FLS (Zhu et al., 2014). TNF-a acts as a potent inducer of inflammatory
responses through up-regulation of many genes, including cytokines, chemokines, and
adhesion molecules (Liang et al., 2011; Tsou et al., 2012). TNF-a binds to cell surface
receptors (TNFR1) to initiate multiple signal transduction pathways, including mitogen-
activated protein (MAP) kinases and nuclear factor kappa B (NF-«xB) pathways (Sabio and
Davis, 2014). MAP kinase pathway includes central three-tiered core signaling proteins
comprising of MAP kinase kinase kinase (MAP3K), MAP kinase kinase (MAP2K), and
MAP kinase (MAPK) (Kyriakis and Avruch, 2012). C-Jun N-terminal kinase (JNK), p38
MAPK, and extracellular signal-regulated kinase (ERK) are well characterized sub-groups
of a large MAP kinase family. MAP3Ks, as the proteins upstream in the signaling cascade,
sense the degree of stress-induced cell damage and determine cell fate by regulation of the
downstream MAP kinase pathways (Cuevas et al., 2007). Apoptosis signal regulating kinase
1 (ASK1) is an important member of MAP3K family that activates both the JINK and p38
MAPK pathways in response to TNF-q stimulation (Nishitoh et al., 1998). ASK1 is
activated by various types of stress, including oxidative stress, endoplasmic reticulum (ER)
stress, calcium overload, and inflammatory cytokines such as TNF-a (Mnich et al., 2010;
Philippe et al., 2013). However, the role of ASK1 in TNF-a signaling pathway to regulate
IL-6 and IL-8 production, or the expression adhesion molecules in RA-FLS is still unknown.

Thymoquinone (TQ) is the major active compound derived from Nigella sativa (Woo et al.,
2012). Recent animal studies support the potential of TQ for the treatment of a variety of
inflammatory disorders like inflammatory bowel disease (IBD), RA, and osteoarthritis (OA)
(Salem, 2005; Badr et al., 2011). We have previously shown that oral administration of TQ
(5 ma/kg/day) significantly reduced the serum levels of IL-1f3 and TNF-a as well as a
number of inflammatory mediators involved in RA pathogenesis (Umar et al., 2012). In this
study, we evaluated the intracellular signaling mechanism by which TQ inhibits TNF-a-
induced IL-6 and IL-8 production, and the expression of ICAM-1, VCAM-1, and
cadherin-11 (Cad-11) in human RA-FLS.
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MATERIALS AND METHODS

Antibodies and Reagents

Recombinant human TNF-a, goat polyclonal antibodies against human ICAM-1 and
VCAM-1, IL-6 and IL-8 Duoset ELISA kits, and ASK1 inhibitor (TC ASK10) were
purchased from R&D Systems (Minneapolis, MN). Rabbit polyclonal antibodies against
phosphorylated ERK1/,, INK/SAPK, and p38, cadherin-11, and anti-rabbit and anti-mouse
horseradish peroxide-linked secondary antibodies were purchased from Cell Signaling
Technologies (Beverly, MA). Mouse anti p-ASK1 (Thr845) and TRAF-2 antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA) and a rabbit polyclonal anti-
ASK1, Mcl-1 from Abcam (Cambridge, MA). Thymoquinone (>98.5% purity) and rabbit
anti-p-actin were purchased from Sigma-Aldrich (St. Louis, MO).

Isolation and culture of RA-FLS

FLS were isolated from RA synovium obtained according to the Institutional Review Board
(IRB) approved protocol in compliance with the Helsinki Declaration from patients who had
undergone total joint replacement surgery or synovectomy and processed as described
previously (Ahmed et al., 2008). RA-FLS were grown in RPMI containing 2 mM L-
glutamine with 10% FBS, at 37 °C, in a humidified atmosphere with 5% CO,. Cells were
used between passages 7-11.

Cell viability assay

To study the effect of TQ on cell viability, RA-FLS (2 x 10%/well) were plated in 96-well,
flat-bottomed tissue culture plates (Corning, Corning, NY) and cultured in RPMI 1640 plus
10% FBS for 6 hrs. This was then replaced with fresh medium and culture continued for 24
hrs. TQ (1-5 uM) alone or with TNF-a (20 ng/ml) was added to RA-FLS in serum-free
medium and the culture was incubated at 37 °C for another 24 hrs. Two hrs prior to
termination of each time point, 20 ul of MTT dye (5 mg/ml in sterile phosphate buffered
saline) was added to each well and further incubated at 37 °C. At the end of incubation, cells
were washed twice with PBS, solubilized in 100 pl of DMSO at 37 °C for 5 min, and read at
an optical density of 570 nm.

Treatment of RA-FLS

To evaluate the activation of TNF-a signaling pathway and inhibition by TQ treatment, RA-
FLS (2 x 10°/well) were plated in 6-well, flat-bottomed tissue culture plates and cultured in
RPMI 1640 plus 10% FBS until greater than 80% confluent. RA-FLS were serum-starved
for 12 hrs and pretreated with or without TQ (1-5 uM) for 2 hrs, followed by TNF (20
ng/ml) stimulation for 30 min (for signaling studies) or 24 hrs to evaluate the production of
IL-6 and IL-8 in the conditioned media or cellular expression of the adhesion molecules
ICAM-1, VCAM-1, and Cad-11.

Western immunoblotting

To study the effect of TQ on TNF-a signaling, cells were lysed in lysis buffer (100 mM
Tris, pH 7.4, 100 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM NaF, 20 mM NaP,0y, 2
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mM NagV Oy, 1% Triton X-100, 10% glycerol, 0.1% SDS, 0.5% deoxycholate, 1 mM
phenylmethylsulfonyl fluoride), and protease and phosphatase inhibitors (Roche Diagnostics
Corporation, IN; 1 tablet/10 ml), and protein was measured using BCA protein assay Kits
(Pierce Biotechnology Inc., Rockford, IL). Equal amounts of protein (25-30 pg) were
separated by SDS/PAGE and transferred onto nitrocellulose membranes (Bio-Rad). Blots
were probed with primary antibodies for the specific protein of interest, followed by
incubation with the appropriate horseradish peroxidase-conjugated secondary antibody.
Immunoreactive protein bands were visualized by enhanced chemiluminescence using
Chemidoc (Bio-Rad) and densitometrically analyzed using Image lab 4.2 software (Bio-
Rad). Blots were stripped and reprobed for -actin to ensure equal protein loading. To study
the impact of ASK1 in signaling mechanism induced by TNF-a, RA-FLS were incubated
with a chemical inhibitor of ASK1 (TC ASK 10; 12.5 and 25 uM), for 2 hrs, followed by
stimulation with TNF-a for 24 hrs. After 24 hrs, the expression of ICAM-1, VCAM-1, and
Cad-11 were evaluated in the cell lysates.

IL-6 and IL-8 ELISA

Cells were pretreated with TQ (1-5 pM) and stimulated by TNF-a at 20 ng/ml for 24 hrs at
37°C and condition media was collected for IL-6 and IL-8 estimation. IL-6 and IL-8 were
measured using ELISA Kits (R&D Systems, Minneapolis, MN, USA) according to the
manufacturers’ instructions.

Co-immunoprecipitation assay

To test the effect of TQ treatment on TRAF2-ASK1 association in RA-FLS, >80% confluent
cells in 150 mm dishes were starved overnight, pretreated with 5uM TQ for 2 hrs followed
by TNF-a stimulation for 30 mins. Cells were washed 2 time with ice cold PBS followed by
lysed using RIPA buffer (50mM Tris pH 7.6, 150 mM NaCl, 1 mM EDTA, 1% Triton
X100, 0.1% SDS, 0.5% deoxycholate, and 1 tablet each for protease inhibitor and Phos Stop
(Roche) per 10 ml) and sonicated using Branson Sonicator 450 for complete cell lysis. After
protein estimation, 500 pg protein from each sample was incubated with 2 pg of mouse
monoclonal anti-ASK-1 antibody overnight on the rotar in the cold room. Next day antigen
antibody complex were captured using Protein G beads (Roche) for addition 3 hrs. Finally,
the IP’ed proteins were eluted with 2X SDS sample buffer by boiling for 5 min. The eluted
proteins were resolved on a 4-15% SDS-PAGE gel (Bio-Rad) and probed for TRAF-2 and
ASK1.

Immunostaining

To determine the effect of TQ on association of TRAF-2 and ASK1 in TNF-a signaling,
RA-FLS (2 x 104 cells/well) were plated in 8-well chamber slides (Corning, NY). At 70%
confluence, cells were starved overnight and pretreated for 2 hrs with or without TQ 5 uM
followed by stimulation with 20 ng/ml TNF-a for 30 min. Cells were washed twice with ice
cold PBS and fixed in 3% paraformaldehyde PBS solution for 10 min at room temperature.
Cells were washed 3 time with ice cold 1X PBS and stored in serum free RPMI for
overnight. Cells were permeabilized by lysis buffer (20 mM PIPES-pH 6.8, 100 mM NacCl,
3 mM MgCl,, 1 mM EDTA, and 0.5% triton X100) for 10 min at room temperature
followed by washing with PBS. Coverslips were blocked using 5% protease free BSA for 1
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hrs at room temperature. Primary antibodies mouse monoclonal TRAF-2 (1:250) or rabbit
polyclonal ASK1 (1: 100) were used at room temperature for 2 hrs, followed by 3 washes
using 1% BSA PBS. Donkey anti mouse Alexa Flour 594 or Donkey anti rabbit Alexa Flour
488 (Invitrogen, CA) as 1:400 dilution were used as secondary staining for 60 min at room
temperature. After 3 washes in 1% BSA PBS slides were mounted using Prolong gold anti-
fade with DAPI (Invitrogen, CA). Images (40X magnification) were captured using Leica
microscope.

Statistical analysis

Statistical analysis was performed using Graph pad prism 6.0. Data was analysed by
applying the analysis of variance (ANOVA), followed by Dunnett’s t tests were performed
to evaluate the statistical significance of group differences. P values less than 0.05 (2-tailed)
were considered significant.

RESULTS
Effect of TQ on RA-FLS viability

The results of an MTT-based viability assay showed that TQ (0.1-10 uM) had only modest
effect on the cell viability of cultured RA-FLS (Fig. 1A; n=4). We observed that TQ in
combination with TNF-q also had slight change in the viability of RA-FLS in vitro (Fig. 1B;
n=4). Furthermore, studied the effects of TQ on expression of Mcl-1, as its overexpression
in RA-FLS is a major cause of their resistance to TNF-a-induced apoptosis (Ahmed et al.,
2009). We found that the upregulating expression of Mcl-1 after stimulation with TNF-a
and is inhibited by TQ in a dose dependent, indicate that TQ induced apoptosis and further
sensitizes RA-FLS to TNFa-induced apoptosis by blocking Mcl-1 expression
(supplementary Fig. 1).

Effect of TQ on IL-6 and IL-8 production and ICAM-1, VCAM-1, and Cad-11 expression in

RA-FLS

RA-FLS stimulation with TNF-a (20 ng/ml) resulted in more than 10- and 44-fold increase
in IL-6 and IL-8 production, respectively (Fig. 2A & 2B; p<0.001). However, pretreatment
with TQ (1-5 pM) inhibited the production of IL-6 and IL-8 in a dose-dependent manner
(Fig. 2A and B). ICAM-1 and VCAM-1 expressed by RA-FLS play an important role in the
perpetuation of inflammation by facilitating adhesion of circulating inflammatory cells to
the walls of endothelial cells and consequently their extravasation at the site of inflammation
or tissue injury (Jones et al., 2013). More importantly, Cad-11 expressed by RA-FLS plays
an important role in cell-to-cell communication in RA pathogenesis to propagate
inflammation and tissue destruction (Lee et al., 2007; Chang et al., 2011). To study the
effect of TQ on TNF-a-induced ICAM-1, VCAM-1 and Cad-11 expression, we pretreated
RA-FLS with or without TQ followed by TNF-a stimulation for 24 hrs. Stimulation of RA-
FLS with TNF-a (20 ng/ml) resulted in a significant 32-, 10-, and 2-fold increase in
ICAM-1, VCAM-1, and Cad-11 expression, respectively, when compared to the expression
in untreated samples (Fig. 2C; p<0.01). Interestingly, pretreatment of RA-FLS with TQ (1
and 5 pM) resulted in a significant decrease in TNF-a-induced ICAM-1, VCAM-1, and
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Cad-11 expression, when compared to the expression level with TNF-a alone treatment
(p<0.01).

TQ inhibits TNF-a-induced activation of p38 and JNK, but not ERK, in RA-FLS

To understand the molecular mechanism through which TQ modulates TNF-a response in
RA-FLS, we studied the effect of TQ on TNF-a-induced MAPK pathways, which are
integral signaling mediators of TNF-a-induced downstream inflammatory proteins in RA
pathogenesis (Ahmed et al., 2006; Ahmed et al., 2008; Ahmed et al., 2013). RA-FLS were
pretreated with TQ stimulated with TNF-a for 30 min. Western blot analysis of the
phosphorylated MAPKSs showed that TQ selectively inhibits TNF-a-induced
phosphorylation of p38 and JNK in a dose-dependent manner (1-5 pM) (Fig. 3A and B;
p<0.05 and p<0.01, respectively), with no significant change in TNF-a-induced ERK
expression (Fig. 3B). Interestingly, TQ pretreatment had no effect on TNF-a-induced I-xBa
degradation suggesting that TQ selectively inhibits p38 and JNK, without interfering NF-xB
pathway (Fig. 3A and B). We showed in our previous study that p38 and JNK played an
important role in regulating TNF-a-induced ICAM-1 and VCAM-1 expression, whereas
there is no evident change with ERK inhibition in RA-FLS (Ahmed et al., 2013).

Involvement of ASK1 in TNF-a stimulated RA fibroblast and its abrogation by TQ

ASK1 belongs to the MAP3K family and activates the p38 and JNK pathways via MKK3/6
and MKK4/7, respectively. Previous studies have shown that INK pathway is tightly
regulated by ASK1 via association and further activation by TRAF-2 (Nishitoh et al., 1998).
Western blotting analysis of ASK1 and its phosphorylation forms showed an increase
expression of phosphorylation of ASK1 Thr845 (~3 fold) upon TNF-a stimulation, which
was markedly inhibited by TQ dose dependently (Fig. 4, p<0.01). However, we observed no
significant changes in the total ASK1 expression levels. Since both p38 and INK MAPKs
are involved in phosphorylating c-Jun, we determined the expression levels of phospho-c-
Jun to confirm the impact of ASK1 inhibition by TQ. As evident from the Western blotting
analysis, TNF-a stimulation resulted in a significant induction of phospho-c-Jun, which was
completely inhibited by TQ pretreatment in a dose-dependent fashion (Fig. 4; p<0.01).
These results validate that TNF-a signaling in RA-FLS is mediated through activation of
ASK1 to induce cytokines and adhesion molecules expression and that TQ inhibits TNF-a-
induced ASK1 activation thereby suppressing p38/JNK-mediated phospho-c-Jun expression.

TQ treatment has no effect on TRAF-2 and ASK1 association in RA-FLS

Studies suggest that the association of TRAF-2 with ASK1 is an important step in TNF-a
signaling pathway to activate ASK1-p38/IJNK pathway (Nishitoh et al., 1998). To evaluate
the effect of TQ on the TRAF-2/ASK1 association step in TNF-a signaling, cell lysates
prepared from RA-FLS treated with TQ (5 uM) and/or with TNF-a (20 ng/ml) stimulation
were used to IP ASK1 followed by Western blotting for the detection of TRAF-2 (Fig. 5A).
The results of the IP assay showed that TQ had no effect on the association of TRAF-2/
ASK1 in RA-FLS treated with TNF-a, implicating that TQ inhibits ASK1 phosphorylation
and subsequent activation to decelerate TNF-a signaling in RA-FLS. To further confirm this
phenomenon, we employed immunofluorescence as a secondary method to determine this
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interaction and the impact of TQ. As observed in Fig. 5B, there is no significant change in
the localisation patterns of TRAF-2 and ASK1 with TQ and/or TNF-a treatment in RA-FLS.
Overall, these results suggest that TRAF-2 being an ubiquitin E3 ligase may not be a valid
therapeutic target in TNF-a signaling and highlight the role of ASK1 in intimately
mediating this process.

ASK1 effectively inhibits TNF-a-induced inflammatory mediators in RA-FLS

To verify whether ASK1 indeed plays a role in regulating these inflammatory mediators in
TNF-a-induced RA-FLS, cells were pretreated with ASK1 inhibitor (TC-ASK10; 12.5 and
25 uM) for 2 hrs followed by TNF-a stimulation for 24 hours. Western blot analysis on the
cell lysates showed a marked inhibitory effect of TC-ASK10 on TNF-a-induced expression
of ICAM-1, VCAM-1, and Cad-11 in RA-FLS (Fig. 6; p<0.05-0.01). However, upon
determination of IL-6 and IL-8 production in the condition media from these treatment, we
observed only modest inhibitory effect of TC-ASK10, suggesting that ASK1 may partly be
involved in TNF-a-induced IL-6 and IL-8 production in RA-FLS (data not shown).

DISCUSSION

Rheumatoid arthritis (RA) is an autoimmune disease that leads to inflammation and
destruction of synovial joints (Jones et al., 2013). Curing RA is still out of our reach, despite
the broad spectrum of anti-rheumatic drugs (Koenders and van den Berg, 2015). The
inflammatory process is mediated through a complex cytokine network which is not yet
completely understood. Current treatment strategies for RA include nonsteroidal anti-
inflammatory drugs (NSAIDs), corticosteroids, disease-modifying anti-rheumatic drugs
(DMARDS) and biologic response modifiers (Ahmed et al., 2005). Despite the availability
of biological therapies to treat RA, rigours ongoing research for orally active small-molecule
drugs are highly desirable to fulfil unmet medical need. Mitogen-activated protein kinases
(MAPKS) p38 in particular, have attracted considerable attention as potential therapeutic
targets due to their ability to suppress the production of key inflammatory mediators
(Thalhamer et al., 2008). The success of first p38 inhibitors to advance to phase IB clinical
trials was hampered by hepatotoxicity and preclinical safety studies (Hammaker and
Firestein, 2010).

Apoptosis signal regulating kinase 1 (ASK1) is a member of MAP3K family that activates
both the JNK and p38 MAPK pathways through a variety of mechanism, including oxidative
stress, ER stress, calcium overload, and inflammatory cytokines such as tumor necrosis
factor a (TNF-a) (Matsuzawa and Ichijo, 2008; Choi et al., 2011). Our finding suggest that
ASK1 may serve as a promising therapeutic target in the regulation of pro-inflammatory
cytokines release in autoimmune disorders especially in RA. TNF-a is a major pathologic
mediator and a target of anti TNF-a therapies for RA (Choy and Panayi, 2001). In this
study, we further identified TQ as a therapeutic molecule that regulates TNF-a signaling
pathways to suppress the inflammatory cellular response. ASK1 activity is controlled by
phosphorylation and interactions with other proteins (Yu et al., 2009). A previous study
showed that ROS induces dephosphorylation of ASK1 at Ser967 as well as phosphorylation
of Thr845 in the ASK1 activation loop, both of which are correlated with ASK1 activity
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(Valko et al., 2006). Here, we found that TNF-a enhanced phosphorylation of ASK1 at
Thr845 and TQ was effective in inhibiting that phosphorylation, thereby decelerating
downstream signalling pathways. TNF-a signaling also relies on TRAF-2 association with
ASKU1 in order to phosphorylate it in a TNF-a-dependent manner (Nitshitoh et al., 1998).
Our immunoprecipitation and immunofluorescence results also confirmed that TQ does not
alter TRAF-2 and ASK1 interaction, but effectively inhibits ASK1 activation in RA-FLS.
Using ASK1 inhibitor (TC-ASK10), we also validate a novel regulatory role of ASK1 in
TNF-a-induced expression of adhesion molecules (ICAM-1/VCAM-1 and Cad-11). Our
present study may have two-pronged relevance in the field of RA pathogenesis. First, we
show that the therapeutic regulation of ASK1 is important in regulating adhesion molecules
that are relevant in disease pathogenesis (Lee et al.,2007; Chang et al., 2001). Second, we
also provide an evidence that TQ, a natural phytochemical, inhibits ASK1 activation may
have potential for its testing in pre-clinical models of RA and further development in this
regard.

Activated MAP kinases transform the stimulus into the pathophysiological responses by
phosphorylating of downstream substrates, including transcription factors, cytoskeletal
proteins involved in mRNA translation (Li et al., 2015). Among the numerous effectors that
intervene TNF-a action is activator protein (AP-1), which comprises of transcription factors
belonging to the jun and fos families (Adiseshaiah et al., 2006). In response to stress and
cytokine, INK1/2, and p38 kinases binds to transcription factors that regulate c-Jun (Tsou et
al., 2012). We showed that there is an increase in phosphorylation of c-Jun expression in
TNF-a stimulated RA-FLS and the pretreatment of TQ is able to reduced TNF-a induced
expression of p-c-Jun.

In conclusion, we validated the signaling pathway involved in TNF-a-induced
proinflammatory cytokines (IL-6 and IL-8) and adhesion molecules (ICAM-1, VCAM-1,
and Cad-11) expression in human RA-FLS. We found that TNF-a activated ASK1 plays an
important role in the enhanced production of proinflammatory mediators in RA and TQ may
be a potential small-molecule inhibitor to modulate TNF-a induced signaling in RA-FLS to
minimize inflammation and tissue destruction in RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Effect of Thymoquinone on human RA-FL Sviability
RA-FLS were treated with (A) Thymoquinone (TQ) (0.1-5 uM) for 24 hrs; (B) TQ (1-5

uM) with or without TNF-a (20 ng/ml).
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Fig. 2. Effect of TQ on IL-6 and IL-8 production and ICAM-1/VCAM-1 and Cad-11 expression

in RA-FLS

(A and B) RA-FLS were pre-treated with TQ (1-5 puM) for 2 hrs, followed by TNF-a (20
ng/ml) stimulation for 24 hrs. IL-6 and IL-8 production was determined in the conditioned

media using commercially available ELISA kits. (C) Expression of adhesion molecule
(ICAM-1, VCAM-1 and Cad-11) were analyzed in cell lysates using Western blotting.

Densitometric analysis was performed and values are presented as mean = SEM of n=4
experiments using different donors. # p<0.01 for NS vs TNF-a; *p<0.05 **p<0.01 for

TNF-a vs TQ.

Toxicol Appl Pharmacol. Author manuscript; available in PMC 2016 September 15.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Umar et al.

Page 13

(8) (n=4)
3 ##
i
52
i,
€ S LSS e & & PR
& & &
20 200
L8 T 5
Ixa.s = s0
0.0 o ==
R S
: & & &
- - + + + TNF-a(20 ng/ml)
1 5 - 1 5TQum NS vs TNF-a # p<0.01, TNF-a vs TQ ** p<0.01.

Fig. 3. TQ inhibits TNF-a-induced activation of p38 and JNK, but not ERK or IkxBa, in RAFLS
RA-FLS were pre-treated with TQ (1-5 uM) for 2 hrs, followed by TNF-a (20 ng/ml)

stimulation for 30 min. Cell lysates were evaluated for the total and phosphorylated form of
p38, INK, ERK, IxB-a and B-actin by Western blotting (A). Densitometric analysis were
done by Image lab 5.1 and values are represented as mean £SEM of n=4 experiments using
different donors (B). ¥ p<0.01 for NS vs TNF-a; **p<0.01 for TNF-a vs TQ.
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Fig. 4. Involvement of ASK1in TNF-a stimulated RA fibroblast and their abrogation by TQ
RA-FLS were treated with TQ (1-5 uM) for 2 hrs, followed by stimulation with TNF-a (20

ng/ml) for 30 min were lysed and probed for the expression of phospho-ASK1 (Thr845),
ASK1, and phospho-c-jun (A). Densitometric analysis normalized with B-actin was done by
Image Lab 5.1 and values are the mean £ SEM of experiments performed in four different
RA-FLS donors (B). # p<0.05, # p<0.01 for NS vs TNF-a; *p<0.05, **p<0.01 for TNF-q,

vs TQ.
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Fig. 5. Effect of TQ on TRAF-2 and ASK 1 association in RA-FLS
RA-FLS were treated with TQ (1-5 uM) for 2 hrs, followed by stimulation with TNF-a (20

ng/ml) for 30 min were lysed and IP ASK1 followed by Western blotting for the detection of
TRAF-2 (A). RA-FLS were grown to >80% confluence in 8 chamber slides for pre-
treatment with TQ (5 uM) for 2 hrs, followed by TNF-a (20 ng/ml) stimulation for 30 min.
Cells were fixed and stained with mouse monoclonal TRAF-2 or rabbit polyclonal ASK1
antibody (B), followed by Alexa staining. Images were acquired using 40X magnification.
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Fig. 6. Inhibition of TNF-a-induced expression of adhesion molecules (ICAM-1, VCAM-1, and
Cad-11) by ASK1 inhibitor in RA-FLS

RA-FLS were pre-treated with TC-ASK 10 (ASK1 inhibitor; 12.5-25 uM) for 2 hrs,
followed by stimulation with TNF-a (20 ng/ml) for 24 hrs. Cells were lysed and probed for
the expression of ICAM-1, VCAM-1 and Cad-11 (A). Densitometric analysis normalized
with B-actin was done by Image Lab 5.1 and values are represented as mean £SEM of 4
independent experiments using different donors (B). # p<0.05, #* p<0.01 for NS vs TNF-q;
*p<0.05, **p<0.01 for TNF-a vs ASK inhibitor.
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