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Abstract

Objective: To explore novel mechanisms for the effect of iguratimod (IGU) on rheumatoid arthritis (RA), we analyzed protein profile changes caused by IGU using
chondrosarcoma cells. Methods: OUMS-27 cells were cultured in the presence or absence of 100 pM IGU. Proteins were extracted and separated by 2 dimensional-
differential image gel electrophoresis (2D-DIGE). Protein spots of interest were identified by mass spectrometry. Results: 776 and 803 protein spots were detected
in the 2D-DIGE results of 24 hour- and 6 day-treatment with IGU, respectively. In the 6 day-treatment, 22 protein spots showed 1.3-fold or higher intensity by
IGU-treatment than no-treatment, whereas 15 spots showed -1.3 (1/1.3) -fold or lower intensity (p<0.05). We identified 15 out of the 37 spots, which included
proteins involved in packaging and splicing of pre-mRNA, regulation of signaling pathways/protein folding, innate immunity and inflammation, transcription, ATP
synthesis, cytoprotection, and cytoskeleton organization. Interestingly, intensity of multiple spots of heterogenous nuclear ribonucleoprotein (hnRNP) A2/B1 and A1
was decreased by the IGU treatment, which are highly expressed in synovia of RA and/or its animal model. Specifically, hnRNP A2/B1 are known as autoantigens in
RA and also as proinflammatory activators for NF-«B, the target of IGU. Conclusion: IGU affected protein profiles of chondrosarcoma cells. The decreased expression

of hnRNPs suggests novel mechanisms for anti-rheumatic effects of IGU.

Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory disease that
causes progressive joint destruction and functional loss [1]. Although
its etiology remains unknown, early diagnosis and a treat-to-target
approach are recommended as standard care to achieve the remission
[2]. Developments of biologics and small-molecule immunosuppressive
disease-modifying anti-rheumatic drugs (DMARDs) such as
methotrexate and janus kinase inhibitors have enabled this strategy
[1, 2]. Nonetheless, it is difficult to use the immunosuppressive drugs
in a considerable portion of RA patients with comorbidities such
as malignant tumors and chronic infection. Furthermore, for RA
patients that achieved the remission, application of treatments with
immunomodulatory drugs should be considered.

From these points of view, the role of conventional disease-
modifying anti-rheumatic drugs (cDMARDs) is important in
RA  treatment. The immunomodulatory c¢DMARDs include
salazosulfapyridine and bucillamine which are recommended as
alternatives for methotrexate-intolerant patients by RA treatment
guidelines [3, 4]. The immunomodulatory cDMARDs can be used
in the patients with malignancy and infection. Iguratimod (IGU), a
novel immunomodulatory cDMARD developed in Japan, inhibits
the production of immunoglobulins and proinflammatory cytokines
such as TNFa, IL-1f3, and IL-6 [5-8]. IGU has been considered to
exhibit its anti-rheumatic effects through suppression of NF-kB, by
the inhibition of phosphorylation and nuclear translocation of RelA/
p65 without interfering with IkB [6, 7, 9]. IGU also suppresses ERK
and NF-kB pathways in RANKL-induced osteoclast differentiation
[9-11]. Recently, IGU was found to block IL-17 signaling in a murine
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arthritis model, targeting an IL-17 receptor adaptor protein, Act-1
[12]. However, mechanisms of the effects of IGU, especially those on
chondrocytes, are still obscured.

In this study, we comprehensively analyzed changes of protein
expression of chondrosarcoma cells caused by IGU. We found that
IGU affected the protein profile of chondrosarcoma cells. Interestingly,
IGU suppressed expression of heterogenous nuclear protein (hnRNP)
A2/B1 and Al. Specifically, hnRNP A2/B1 play roles as autoantigens
and proinflammatory regulators in RA and also as coactivators for NF-
kB, the target of IGU. Our findings suggested novel mechanisms of the
effect of IGU on RA treatment.

Methods

Cell culture

A chondrosarcoma cell line, OUMS-27 (C-2012-1583, Human
Science Research Resources Bank, Sennan, Osaka, Japan) [13], was
cultured in DMEM (Sigma-Aldrich, St. Louis, MO, USA) and 10% FBS
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(Hyclone, South Logan, Utah, USA) in type I collagen-coated dishes
(AGC techno glass, Haibara-gun, Shizuoka, Japan). To analyze effects
of IGU (Tokyo chemical industry, Chuo-ku, Tokyo, Japan) on the
cell viability and growth, 1.5x10° of OUMS-27 cells were seeded and
cultured for 24 hours in the presence or absence of 10-300 pM of IGU.
Similarly, to analyze a longer term (6 days) effect, 1.5x10° of the cells
were seeded and 100 uM IGU was added three times every 48 hours.
The cells were harvested after 48 hours from the last treatment. All the
experiments were performed in triplicates.

Two dimensional-differential image gel -electrophoresis
(2D-DIGE)

Proteins, extracted from the OUMS-27 cells, were analyzed by
2D-DIGE as previously described [14]. Briefly, an equal weight of
proteins taken from six lysates from the 24 hour-cultured cell samples
(three of 100 uM IGU-treated and three non-treated) were mixed and
labeled with Cyanine dye 3 (Cy3, Cy Dye DIGE Saturation dye, GE
Healthcare, Piscataway, NJ, USA) for preparation of an internal control
“standard sample”. Each of the six samples was labeled with Cyanine
dye 5 (Cy5, GE Healthcare). 2.5 pg of the individual Cy5-labeled
samples were mixed with 2.5 pg of the Cy3-labeled standard sample.
Then each of the mixed protein sample was applied to an isoelectric
focusing (IEF) gel strip (Immobiline Drystrip pH 3-11, 24 c¢m, non-
linear, GE Healthcare). After the proteins were separated by IEF, they
were further separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. The resultant protein spots were scanned using an
image analyzer (Typhoon 9400 Imager, GE Healthcare). The Cy5-
fluorescent intensity of each protein spot was normalized by the
Cy3-fluorescent intensity of an identical spot by using a quantitative
analysis program (Progenesis, Nonlinear Dynamics, Newcastle, UK).
The normalized Cy5-intensity was compared between the IGU-treated
and non-treated protein samples using Progenesis. Similarly, protein
profiles of the 6 day-cultured cells were compared between the IGU-
treated and non-treated OUMS-27 cells.

Identification of proteins

Proteins were identified by mass spectrometry (MS) [14]. In brief,
50 pg of proteins was separated by 2-dimensional electrophoresis. Gel
specimens corresponding to protein spots of interest were recovered.
Then proteins in the gel fragments were digested with trypsin. Peptides
produced by the digestion were analyzed using a matrix-assisted laser
desorption/ionization time of flight mass spectrometer (MALDI-TOF/
MS) (Ultraflex, Bruker Daltonics, Ettlingen, Germany). Based on the
mass spectra, some peptides were selected for MS/MS analysis. The
obtained MS and MS/MS spectra were used to identify the proteins by
database searching (Mascot, http://www.matrixscience.com) against
the Swiss Prot human protein sequence database. Protein identification
was accepted when MASCOT search results delivered significant
MOWSE scores (p<0.05).

Analysis of protein interaction

Interactions among the identified proteins were searched by
Ingenuity Pathway Analysis (IPA) (Qiagen, Venlo, NLD). Core
analysis was performed using names and the fold differences (IGU/
Control) of all the identified proteins and information of all the cells in
all the species in IPA database.

Statistical analysis

Significance of differences of cell viability, cell growth, and protein
spot intensity in 2D-DIGE was calculated by Student's t-test.

Integr Mol Med, 2017 doi: 10.15761/IMM.1000315

Results
Effects of 24 hour-treatment by IGU on OUMS-27 cells

We first treated OUMS-27 cells for 24 hours with 0-300 uM IGU
to examine its effect on viability and growth of the cells. OUMS-27
cells showed viability of more than 94% in the presence of 10-300 uM
IGU as well as in the absence of IGU (100%). The cell growth in all
the conditions was also at similar levels (0.95- to 1.05-fold) except
that in the presence of 300 pM iguratimod (0.84-fold), which showed
slightly lower level (p<0.05). Thus, we determined the concentration of
IGU as 100 uM and analyzed protein profile of OUMS-27 cells at this
condition.

We compared protein profiles of OUMS-27 cells between the 100
uM IGU-treatment and no-treatment by 2D-DIGE. We found 776
protein spots in total (Figure 1A, B). In the 776 protein spots, 41 protein
spots showed different intensity between the two conditions (p<0.05)
(Table 1). Among the 41 protein spots, 11 protein spots showed 1.3-
fold or higher intensity in the IGU-treated cells compared to the non-
treated cells. In contrast, 5 spots showed -1.3 (1/1.3)-fold or lower
intensity in the IGU-treated cells compared to the non-treated cells.
It was shown that IGU affected the protein profile of OUMS-27 cells.

Effects of 6 day-treatment by IGU on OUMS-27 cells

Next, we treated OUMS-27 cells for a longer term of 6 days with
100 uM IGU. The levels of cell viability and growth were high enough
and at similar levels at 6 days between the IGU-treated and non-treated
cells (100 puM; cell viability, 100.1 %, p=0.92; cell growth, 1.05-fold,
p=0.64). Thus, we performed 2D-DIGE using those cell lysates.

In total, 803 protein spots were detected in the 2D-DIGE results
(Figure 1C, D). In the 803 protein spots, 150 protein spots showed
different intensity between the IGU-treated and non-treated cells
(p<0.05, Table 1). Among the 150 protein spots, 22 protein spots
showed 1.3-fold or higher intensity in the IGU-treated cells compared
to the non-treated cells. On the other hand, 15 spots showed -1.3-fold
or lower intensity in the IGU-treated cells compared to the non-treated
cells. Protein spots that changed to +1.3-fold or more in the 6-day
treatment (150 spots) showed 3.7-fold in number compared to those in
the 24-hour treatment (41 spots) (Table 1).

To follow a time course of the protein expression, we observed
intensity change of the protein spots that showed *1.3-fold or more
change by the 24 hour-treatment with IGU. In the case of 9 intensity-
increased spots, intensity of almost all the spots were decreased in
the 6 day-treatment (Figure 2A). Similarly, in the case of 4 intensity-

Table 1. Change of the OUMS-27 protein profile by the treatment with IGU

Total number Number of . .
Culture protein spots with | Fold difference, Number of the
. of detected . . . .
periods . different intensity ' IGU/Control protein spots
protein spots (9<0.05)
x>1.5 2
1.5>x>13 9
1.3>x>-13 25
24 hours 776 41 -13>x>-15 3
-1.5>x 2
x>1.5 7
1.5>x>13 15
13>x>-13 113
6 days 803 150 -13>x>-15 11
-1.5>x 4
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Figure 1. Protein profiles of OUMS-27 cells treated with IGU. Representative results of 2D-DIGE of proteins from OUMS-27 cells cultured in the presence (left upper) or absence (right
upper) of 100 uM IGU for 24 hours are shown. Similarly, those cultured in the presence (left lower) or absence (right lower) of 100 uM IGU for 6 days are shown.

decreased spots, intensity of 3 spots were increased in the 6 day-
treatment (Figure 2B). The effect of the 24 hour-treatment on OUMS-
27 cells was tentative. In contrast, when we observed intensity of the
protein spots that showed +1.3-fold or more change in the 6 day-
treatment, almost all the spots of the 22 intensity-increased spots and
the 15 intensity-decreased spots similarly increased and decreased in
the 24 hour-treatment, respectively (Figure 2C, D). The 6 day-treatment
was considered to reflect a long term effect of IGU on OUMS-27 cells.

Identification of the proteins expression of which was
changed by IGU

We tried to identify the proteins in the spots intensity of which was
changed by the 6 day-treatment with IGU. 37 protein spots that showed
+1.3-fold or more intensity change by the treatment were subjected to
the identification. As a result, 14 proteins were identified from 15 out
of the 37 spots (Figure 3, 4 and Table 2).

Seven proteins were identified from the 7 spots intensity of which
was increased by the treatment with IGU. They were 1) proteins
involved in splicing of pre-mRNA (cyclin L1 [CCLNI1]; and tuftelin-
interacting protein 11 [TFIP11]), 2) proteins that regulate signaling
pathways and protein folding (14-3-3 protein epsilon, tyrosine
3-monooxygenase/tryptophan 5-monooxygenase activation protein
epsilon [YWHAE]; and cyclophilin A, peptidyl-prolyl cis-trans
isomerase A [PPIA]), 3) a protein involved in innate immunity and
inflammation (NACHT, LRR and PYD domains-containing protein 3
[NLRP3]), 4) a transcription factor (human immunodeficiency virus
type 1 enhancer-binding protein 2 [HIVEP2]), and 5) a protein with
unknown function (transmembrane protein 95 [TMM95]).

The other 7 proteins were included in the 8 spots intensity of which
was decreased by the treatment with IGU. They were 1) proteinsinvolved
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Figure 2. Time course of each protein expression of OUMS-27 cells in the presence of
IGU. A, B. Nine out of the 11 protein spots and 4 out of the 5 protein spots, intensity of
which were increased to 1.3-fold or more (A) and decreased to -1.3-fold or less (B) in the
24 hour-treatment, respectively (Table 1), were detected both in the 24 hour- and 6 day-
treatments and applied for time course analysis. C, D. 14 out of the 22 protein spots and
11 out of the 15 protein spots, intensity of which were increased to 1.3-fold or more (C)
and decreased to -1.3-fold or less (D) in the 6 day-treatment, respectively (Table 1), were
detected both in the 24 hour- and 6 day-treatments and applied for time course analysis.
Control samples (Cont) were proteins from OUMS-27 cells cultured without IGU for 24
hours (A, B) and 6 days (C, D).
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Table 2. Identification of protein spots, intensity of which was changed by the treatment with IGU

Spot Difference | Proteins Accession ID MW (kDa) pl Mascot | Coverage Confirmed sequences
D (folds) Theoret Observed Theoret Observed scores (%) (Mascot ion scores)
NACHT, LRR and PYD
1072 1167 domains-containing protein 3 NLRP3_HUMAN  |118.1 |23 6.22 6.1 71 13 'MDHMVSSFCIENCHR® (11)
(NLRP3)
487 |1.53 Cyclin-L1 (CCNLI) CCNLI_HUMAN  59.6 60 10.7 6.2 75 18 9LPQVAM*ATGQVLFHR'" (21)
Transmembrane protein 95 SLARLCSQMEAR* (2)
1033 1.50 (TMM95) TMM95 HUMAN 19.6 24 8.98 7.8 57 37 PEAVSSLESYWSWLRK®(3)
763 1.40 Transcription factor HIVEP2 | ZEP2_ HUMAN 2289 41 65 53 65 8 BSNALSVTTTSQERAAM*GR*?
: (HIVEP2) : : (an
Tuftelin-interacting protein 11 22ELSQVKVIDMTGR? (25)
445 137 (TFIP1L) TFP11_ HUMAN  |96.8 |64 5.45 5.8 61 12 SN+ QPDCSNPLTLDECAR™ (7)
1YL AEFATGNDR ! (54)
14-3-3 protein epsilon 1433E_HUMAN 1YL AEFATGNDRK'* (16)
924 134 (YWHAE) 22 4.63 4.5 189 18 159A ASDIAMTELPPTHPIR'™ (77)
21DSTLIMQLLR>(18)
1107 134 Cyclophilin A (PPIA) PPIA_HUMAN 180 21 7.68 8.0 74 10 >VNPTVFFDIAVDGEPLGR" (66)
g7 133 ;{)‘?;’ﬁ ‘(’g{fgt‘}i‘;"d HYOUL HUMAN 1113 o 5.16 53 66 12 SDAVVYPILVEFTR®! (24)
~ . “TGAIVDVPVGEELLGR'™ (72)
s 134 ﬂg:hyo’gg:‘; ?;"T“;‘;‘:l“)’ha’ ATPA_HUMAN 15, 53 9.16 8.0 185 11 SSEAYPGDVFYLHSR™ (72)
“3GIRPAINVGLSVSR® (15)
gg{‘;‘i‘) type Il cytoskeletal I » ) gumaN 660 8.15 106 9 YEELQITAGR (78)
376 -1.49 Keratin,. tvoe Il evioskeletal 69 6.9
6];?1(“2123ng§ cytoskeleldl  k2c6B_HUMAN  |66.0 8.09 82 1 30YEELQITAGR (78)
_ Heterogenous nuclear . "
784 131 ribonucleoproteins A2/B1 ROA2_HUMAN 374 39 8.97 9.5 99 8 Zlgé%%li\ls; gg gggz;l;l{g 221 6)
(hnRNP A2/B1)
Heterogenous nuclear BLFIGGLSFETTEESLR* (52)
797 -1.35 ribonucleoproteins A2/B1 ROA2_HUMAN 37.4 38 8.97 8.8 256 23 *GFGFVTFDDHDPVDK ! (83)
(hnRNP A2/B1) 24GGGGNFGPGPGSNFR>* (64)
Heterogenous nuclear . 3
794 | -1.42 ribonucleoproteins A2/BI  |ROA2 HUMAN 374 38 8.97 8.7 129 13 Zlgé%%%\ls: GE]I (le‘fgg;‘;Rzg‘,}gO)
(hnRNP A2/B1)
Heterogenous nuclear ROAI HUMAN  [387 9.17 77 24 1LFIGGLSFETTDESLR®' (9)
ribonucleoproteins Al
(baRNP AD) MSSGPYGGGGQYFAKPR™ (5)
773 -1.52 n 40 9.2
Heterogenous nuclear
gjlzl(g;cr}eﬁg;:ms Allike2 g A1L2 HUMAN 342 9.08 61 23 1L FIGGLSFETTDESLR®! (9)
Heterogenous nuclear s
B k ) KLFIGGLSFETTDESLR®(15)
775 1.60 gll;ti{lll\l;l:)liql);otelns Al ROAI HUMAN 387 39 9.17 8.8 62 8 'L FIGGL SFETTDESLR" (25)

37 protein spots, intensity of which changed to +1.3-fold or more by the 6 day-treatment with IGU, were selected for the protein identification. Proteins of 15 out of the 37 spots were

identified. MW, molecular weights.
*Oxidation of methionine.

Figure 3. Locations of the identified protein spots on a 2D-DIGE gel. Proteins included
in 15 spots out of the 37 spots that showed +1.3-fold or more change in intensity by the 6
day-treatment with IGU were identified. A representative result of the standard sample is shown.
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in packaging of pre-mRNA (heterogenous nuclear ribonucleoproteins
A2/B1 [hnRNP A2/B1]; heterogenous nuclear ribonucleoproteins Al
[hnRNP Al]; and heterogenous nuclear ribonucleoproteins Al-like
2 [hnRNP A1L2]), 2) a cytoprotective protein from hypoxia (hypoxia
up-regulated protein 1 [HYOU1]), 3) an ATP synthase (ATP synthase
subunit alpha, mitochondrial [ATP5A1]), and 4) Cytoskeletal proteins
(keratin, type II cytoskeletal 1 [KRT1]; and keratin, type II cytoskeletal
6B [K2C6B)).

Interestingly, hnRNP A2/B1 was identified in 3 protein spots (spot
ID 784, 794, and 797) (Table 2). Similarly, hnRNP A1 was identified in
2 protein spots (spot ID 773 and 775). In spot ID 773, only hnRNP A1l
or both hnRNP Al and hnRNP A1L2 were considered to be included.
Spot ID 376 included KRT1 and/or K2C6B. The observed molecular
weights of TFIP11 in the spot ID 445, HIVEP2 in the spot ID 763,
and NLRP3 in the spot ID 1072 were smaller than their theoretical
weights, indicating that the detected proteins were fragments of those
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Figure 4. Comparisons of spot intensity of the identified proteins between IGU-treated and non-treated conditions. Representative results of the identified 15 protein spots and intensity
difference of those spots between the IGU-treated and non-treated (control) cells are shown. Error bars, standard deviations, *p<0.05.

Integr Mol Med, 2017 doi: 10.15761/IMM.1000315 Volume 4(6): 5-8



Ooka S (2017) Effects of iguratimod on protein profiles of chondrosarcoma cells

proteins. The pathway analysis showed deduced interactions of 11 out
of the 14 identified proteins (Figure 5). hnRNP A2/B1, hnRNP Al and
their complex located at the center of the network. Of note, NF-kB,
Akt, and p53 (encoded by TP53 gene) appeared as relay points of the
network. These proteins would directly and/or indirectly interact with
the identified proteins.

Discussion

We compared protein profiles of a chondrosarcoma cell line
OUMS-27 cells between the presence and absence of IGU. Although
the maximal plasma concentration after repetitive administration of 50
mg/day IGU for 14 days was 5 uM, the concentration is ununiform in
vivo and would reach much higher levels in tissue such as RA-affected
joints [15]. Treatment with 100 uM IGU caused significant changes in
protein profiles of OUMS-27 cells, that is, intensity of 41 and 150 protein
spots was changed by the 24 hour- and 6 day-treatment, respectively
(p<0.05) (Table 1). When we examined time courses, intensity of most
of the examined spots was much increased or decreased at 6 days
compared to that at 24 hours (Figure 2C, D). Continuous treatment
with IGU would augment its effect on protein expression.

The 6-day treatment changed intensity of 37 protein spots by 1.3-
fold or more (Table 1). Such change levels of protein expression were
considered to affect the function of proteins. Among the 14 identified
proteins, we focused on three proteins, hnRNP A2/B1, hnRNP Al,

HMGB3
'\

MMB- — — — _
//
- gl_]PMﬁL_——
W@
7’
'
7/
v 4
7
PRR
VPSID1

and PPIA (Table 2, Figure 4, 5). Of note, intensity of multiple spots of
hnRNP A2/B1 and hnRNP Al was decreased by IGU (Table 2). This
indicated that total expression of these proteins would be decreased
by IGU regardless of differences of isoforms and/or post-translational
modifications.

The main function of hnRNP A/B proteins, components of hnRNP
particles, is to package pre-mRNA into hnRNP particles [16]. hnRNP
A/B also play roles in telomere maintenance, transcription, pre-mRNA
splicing, mRNA nucleo-cytoplasmic export, mRNA stability, and
translation. Interestingly, high expression of hnRNP A2/B1 and A1 has
been found in inflamed joints of RA patients and/or arthritis models
[17-19]. Autoantibodies and autoreactive T cells against hnRNP A2/
B1 have been detected in approximately 30% and 60% of RA patients,
respectively [17, 20, 21]. Since depletion of hnRNP A2/B1 almost
completely blocked development of arthritis both in collagen-induced
arthritis (CTA) and K/BxN serum-transfer arthritis, hnRNP A2/B1 was
considered to play a crucial role in the pathogenesis of inflammatory
arthritis [22]. Besides their role as autoantigens in arthritis, hnRNP
A2/B1 act as proinflammatory regulators. hnRNP A2 activates the Raf-
MEK-ERK signaling pathway, located at the upstream of NF-«B, by
elevating full length A-Raf transcription and reducing production of
short dominant-negative isoform of A-Raf [23]. Furthermore, hnRNP
A2, phosphorylated and activated by the serine/threonine kinase Aktl,
also functions as a transcriptional coactivator for NF-kB c-Rel [24, 25].

ALDH7A1

Figure 5. Interaction of the identified proteins. Result of a pathway analysis. Symbols in red and green show the identified proteins intensity of which were increased and decreased by the
IGU-treatment, respectively. Solid lines and dotted lines show direct and indirect interactions, respectively. Arrows indicate activation.
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NF-kB p65 and p50 are known to be targets of IGU [6, 7, 9, 11]. Thus,
NF-kB c-Rel activated by hnRNP A2 would be also a target of IGU.
Moreover, depletion of hnRNP A2/B1 almost completely inhibited
bone erosion in RA models [22]. Since IGU suppresses bone erosion
via RANKL- and ERK-mediating pathways [9, 11, 26, 27], its effect
to suppress bone erosion may be also associated with the decrease of
hnRNP A2/Bl1.

Our IPA result indicated that both hnRNP A2/B1 and hnRNP Al
could interact with p53 (Figure 5). However, p53 of OUMS-27 cells
as well as that of most cancer cells is a mutant-type and thus does
not function as a tumor suppressor [13]. Interestingly, suppression
of hnRNP A1/A2 induces apoptosis in a variety of human cancer
cells irrespective of p53 expression [28]. This was considered because
hnRNP A1/A2 have a capping function of telomeres as G-tail binding
proteins in cancer cells [28]. Suppression of hnRNPs may inhibit the
tumorigenic growth of RA synovial cells.

The other protein of interest, PPIA, was increased by IGU, which
has dual function as a chaperone and a signal transducer (Table
2, Figure 4, 5) [29]. Interestingly, PPIA was highly expressed in RA
and CIA synovia [30]. PPIA aggravated the arthritis by polarizing
macrophages toward proinflammatory M1 phenotypes that produced
IL-1B, IL-6, MMP-2, and MMP-9 [30, 31]. The polarization was
dependent on the activation of ERK-NF-kB p65 pathway and also on
the PPIase activity [30, 32]. On the other hand, in concert with NF-xB
p65, PPIA mediates BMP-2-induced Sox9 production and regulation
of chondrogenesis signaling [33]. These processes may contribute to
repairment of destructed cartilage in RA. Since IGU targets NF-kB,
PPIA may be increased to recover the reduced functions of NF-«B.

In conclusion, we found that IGU affected protein profiles of
OUMS-27 cells. IGU specifically decreased expression of hnRNP A2/
B1 and A1, which are highly expressed in synovia of RA and its arthritis
model. Since hnRNP A2/B1 are autoantigens in RA and activators for
NF-xB, the decrease of hnRNPs would downregulate the autoimmune
responses and also be involved in the NF-kB-targeting mechanism of
IGU. The reduction of hnRNP A2/B1 may be further associated with
the inhibition of bone erosion by IGU. The present data should be
validated using RA chondrocytes and synovial cells in near future. Our
results suggest novel mechanisms of the effect of IGU.
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