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Background: Rheumatoid arthritis (RA) is a common worldwide public health problem,
which causes a chronic, systemic inflammatory disorder of synovial joints. Paeoniflorin (PA)
has achieved positive results to some extent for the treatment of RA.

Purpose: This study aimed to reveal the potential druggable targets of PA in an experimental
RA model using quantitative proteomics analysis.

Study design and methods: Thirty Sprague-Dawley rats were randomly divided into a
normal group, model group and PA group. PA (1 mg/kg) was used to treat collagen-induced
arthritis (CIA) rats for 42 days. We used isobaric tags for relative and absolute quantitation-
based quantitative proteomics to analyze the synovial tissue of rats. Ingenuity pathway analysis
(IPA) software was applied to process the data. The proteins that were targeted via IPA software
were verified by Western blots.

Results: We found that PA caused 86 differentially expressed proteins (=1.2-fold or =0.84-
fold) compared with the CIA group. Of these varied proteins, 20 significantly changed (p<<0.05)
proteins referred to 41 CIA-relative top pathways after IPA pathway analysis. Thirteen of the
PA-regulated pathways were anchored, which intervened in 24 biological functions. Next,
network analysis revealed that leukemia inhibitory factor receptor (LIFR) and asporin (ASPN),
which participate in two significant networks, contributed the most to the efficacy of PA treat-
ment. Additionally, Western blots confirmed the aforementioned druggable targets of PA for
the treatment of RA.

Conclusion: The results reveal that PA may treat RA by decreasing two key proteins, LIFR
and ASPN. Our research helps to identify potential agents for RA treatment.

Keywords: paconiflorin, quantitative proteomic, ASPN, LIFR, rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disorder. It has a high prevalence
with a rate of 0.24% worldwide.! Unfortunately, current therapeutic approaches only
slow the progression of RA rather than prevent it.> To the best of our knowledge,
long-term inflammation and autoimmune reaction are the primary characterizations
of RA.? Thus, therapeutic medications, such as nonsteroidal anti-inflammatory drugs
and disease-modifying anti-rheumatic drugs, mostly retard the progress of this disease
through anti-inflammatory and anti-immune strategies.> However, these drugs only
impact one target and are limited by a number of well-characterized clinical side-
effects.* Doctors and scientists eagerly expect new anti-RA drugs with superior
efficacy and less toxicity.

submit your manuscript
e
in

Dove

http:

Drug Design, Development and Therapy 2018:12 463-473 463
© 2018 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S153927
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:xiongxg07@csu.edu.cn
mailto:wangyang_xy87@csu.edu.cn

Yang et al

Dovepress

With the development and exploitation of traditional Chi-
nese medicines (TCM), some TCM with anti-RA effects have
been approved gradually for use in clinical settings.’ These
natural products, composed of various compounds, can have
convincing curative effects® via multiple pathways.” Radix
Paeoniae Alba, a Chinese herb, is commonly used for many
diseases, especially for the treatment of RA.® As the key com-
pound of Radix Paconiae Alba,’ paconiflorin (PA) plays an
important role in treating RA.!° A lot of research indicates that
PA has anti-inflammatory activity, anti-spasmolytic activity,
anti-oxidative activity, immune-regulatory effects, anti-
apoptotic activity and neuroprotective effects.!'* In terms
of anti-inflammatory activity, our previous studies showed
that PA decreased the levels of interleukin (IL)-1 and tumor
necrosis factor-alpha (TNF-o) and reduced soft tissue swell-
ing in the joints of arthritic rats.'*'> However, the multi-target
pharmacological mechanism of PA therapy in RA remains
unclear. Therefore, this study explores the comprehensive
mechanisms of PA responsible for RA treatment.

Quantitative proteomics, one of the major components
of systems biology, is used to uncover TCM mechanisms,'®
discover druggable targets and find biomarkers.!” Some
proteome techniques provide a valuable framework for
a better understanding of systematic mapping of protein
interactions.'® Isobaric tags for relative and absolute quanti-
fication (iTRAQ) is a powerful methodology for quantitative
proteomics with many advantages, such as high throughput,
high sensitivity and superior accuracy.'” iTRAQ is a robust
method for comparative proteomics.?’ Therefore, many
studies use iTRAQ to profile the specific protein target(s)
of a drug®'?? to gain molecular insights on the mechanism

of drug action. In this study, this technique was combined
with ingenuity pathway analysis (IPA) to reveal a deeper
understanding of the mechanism of PA treatment in collagen-
induced arthritis (CIA) rats. Thus, we believe iTRAQ-based
quantitative proteomics deserves to be used in the design of
our study.

Taken together, the present study aimed to explore the
druggable targets of PA in CIA rats by iTRAQ-based quan-
titative proteomics analysis combined with bioinformatics
methods. This research will contribute to theoretical evidence
for the treatment of CIA rats with PA (Figure 1).

Material and methods

Animals

An equal number of male and female Sprague-Dawley rats
(n=30, 6-8 weeks old, 180-220 g), specific pathogen free,
were used in this study. Rats were purchased from the animal
experimental center of Hunan People’s Hospital (Hunan,
People’s Republic of China). All rats were housed five per
cage and received food and water ad libitum under controlled
environmental conditions (room temperature 22°C£3°C,
room humidity 40%—60%, background noise 4,010 dB, 12:
12 h light—dark cycles) for 1 week to adapt to the environ-
ment. We divided the 30 rats into the control group, the CIA
group and the PA group randomly.

Ethics

This study was verified and approved by the Animal Ethics
Committee of Hunan People’s Hospital and performed in
accordance with the Hunan People’s Hospital guidelines for

the care and use of laboratory animals.

Figure | General mechanism of the collagen-induced arthritis (CIA) rat model treated by paeoniflorin through downregulation of asporin (ASPN) and leukemia inhibitory

factor receptor (LIFR).
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Preparation of paeoniflorin

PA was purchased from The National Institute for the Control
of Pharmaceutical and Biological Products (Beijing, People’s
Republic of China). The purity of PA is 98% (Figure S1).
It was sealed and stored at 4°C for later use.

Establishment of CIA rats
CIA was initiated according to the protocol for successful
induction in rats. Bovine type Il collagen (BIIC, Chondrex, Inc,
Washington DC, USA) was mixed with acetic acid to form a
2 mg/mL BIIC solution. Next, 5 mL of this solution was mixed
with 5 mL complete Freund’s adjuvant (CFA, Sigma-Aldrich
Co., St Louis, MO, USA), to produce a 1 mg/mL BIIC solution.
On day 0, the rat tail and rear foot were injected intradermally
with 200 pug of the collagen/CFA emulsion for the primary
immunization. On day 7, the rats were given 100 pug of collagen/
incomplete Freund’s adjuvant (1 mg/mL, Sigma-Aldrich) emul-
sion in the same manner for the secondary immunization.
After disease onset, we recorded the clinical assessment
and paw measurements of the rats. The severity of arthritis
in the hind foot was scored on a scale of 0 to 3, where 0=no
inflammation, 1= mild swelling of joints following redness,
2= moderate swelling and 3= severe joint swelling and the
inability to be loaded. A disease score of the hind limbs was
calculated for each animal (maximum score 6 per rat). The
thickness of each hind paw was measured after immunization
with a compass and millimeter ruler in the fixed position;
body weight was monitored throughout the study. The data
of the control group were measured before immunization.
For detection of serum inflammatory cytokines, blood
was drawn on day 42 post-immunization (n=>5), set at room
temperature for 1 hour, and centrifuged at 2,000 rpm/min
for 10 minutes. The serum was used in an enzyme linked
immunosorbent assay (ELISA) kit (Wuhan Huamei Biotech
Co., LTD) to detect the levels of IL-1B and TNF-o.?

Sample preparation

Under general anesthesia, synovial tissue was separated from
the hind paws after skin, muscle, fatty tissue, bone and ten-
don removal in CIA, normal and PA rats on day 42 (n=10).
Protein lysates were obtained using lysis buffer (8§ M urea,
4% chaps, 30 mM HEPES, 1 mM phenylmethanesulfonyl
fluoride (PMSF), 2 mM ethylene diamine tetraacetic acid
(EDTA) and 10 mM DL-Dithiothreitol (DTT) followed
by centrifugation at 20,000 rpm for 25 minutes at 4°C
for 60 minutes after exposure to ultrasound (water-bath,
5 minutes). The supernatant was collected. DTT was added
to a final concentration of 10 mM. We incubated the result-
ing solution in a water-bath at 56°C for 1 hour and added

iodoacetamide quickly to a final concentration of 55 mM.
Then, the solution was left in a dark room (temperature
20°C-25°C) for 1 hour. The protein samples were
precipitated (—20°C, 3 hours) by the addition of precooled
acetone, then centrifuged (20,000 g, 20 minutes, 4°C) and
solubilized in 0.5 M triethylammonium bicarbonate plus
0.1% sodium dodecyl sulfate. The protein concentration was
confirmed with a Bradford protein assay kit (Amesco).

iTRAQ method

According to the manufacturer’s protocol (Applied Biosys-
tems), trypsin digestion and iTRAQ labeling were performed. In
short, 100 g of protein from each pooled sample was reduced,
alkylated and then digested overnight at 37°C with trypsin.
Ultraflex TOF/TOF (Bruker, Leipzig, Germany) was used to
detect the digestion efficiency from 1 uL sample of the tryptic
peptides. iTRAQ labeled the tryptic peptide solution of each
sample according to the iITRAQ Reagent Multiplex Kit protocol
(Applied Biosystems). The normal (N) group, CIA group and
PA group-derived tryptic peptides were labeled with 113, 114
and 115, respectively. The labeling efficiency was calculated.
We compared the total number of possible labeling sites (the
N-termini of all peptides and lysine side chains) for iTRAQ
tags with the labeled sites in the detected peptides. The iTRAQ
peptide labeling efficiency was more than 97% in this study.

A strong cation exchange (SCX) column (Luna SCX
100 A, Phenomenex) fractionated the mixed peptides. The
mixed iTRAQ-labeled samples were diluted with 10x buffer
A (25% acetone [ACN], 10 mM KH,PO,, pH 3.0), which was
identical to buffer B except it did not include 2 M KCI. A linear
binary gradient of 0%—100% buffer B in buffer A at a flow rate
of 1 mL/min was used to perform the SCX fractionation. Based
on a reverse-phase liquid chromatography column (Strata-X
C18 column, 5 mm, 300 A, 100x75 mm, Phenomenex),
10 SCX fractions were collected along the gradient, dried
and dissolved in buffer C (5% ACN, 0.1% FA). The high-
performance liquid chromatography gradient was increased
from 5% to 30% in 65 minutes at a flow rate of 400 nL/min.
Mass spectrometric analysis of the iTRAQ-labeled samples
was performed by Q Exactive liquid chromatography-tandem
mass spectrometry (LC-MS/MS; Thermo Scientific Co.).
Sequences for the peptide and reporter ions were generated
to identify the protein from which the peptide originated. To
diminish the effect of experimental variation, three indepen-
dent MS/MS runs were performed for each sample.*

Data processing and analysis
The original MS/MS data were analyzed with the Proteome
Discoverer Software (Thermo Scientific version 1.3).
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Mascot (version 2.3.0, Matrix Science, London, UK) and
the UniProt-rat database (http://www.uniprot.org/) were

used to identify proteins. The Mascot search parameters used
included trypsin, peptides digested with a maximum of one
missed cleavage, fixed modification (carbamidomethylation
of cysteine residue), variable modifications (oxidation of
methionine Gln-Pyro-Glu of N-term Q, and iTRAQ 8 plex
modification of N terminal, K and Y), peptide tolerance
15 ppm and the iTRAQ fragment tolerance (0.2 Da). Pro-
teinPilot Software was used to assess the false discovery rate
(FDR). In this study, the resulting 1% global FDR from the
fit, which corresponds to 99% correct protein identification,
was used as an initial qualification criterion. The spectra
were identified with 95% confidence. The quantitative
protein ratio was calculated as the median of all peptide
ratios, which were the ratios of the signal intensity value
of the reference sample (normal sample) label to the signal
strength values of the other labels. The final quantitative
result was normalized to the median ratio of each label.
Protein quantitative ratio was calculated as the median of all
peptide ratios. The fold change of the differentially expressed
proteins (DEPs) was calculated as the average value from
the protein iTRAQ ratios. The DEPs were screened with the
following criteria: =2 peptide had to be identified, proteins
with an average ratio-fold change =1.2 or =0.84 between
the groups. independent #-tests with p<<0.05 were determined
to be differentially regulated between the groups.

IPA analyses of DEPs

IPA was used to analyze the biological functions, pathways
and networks of the identified DEPs. DEPs were classified
based on annotations from the UniProt Knowledgebase. The
data packet containing the protein IDs was uploaded into IPA.
IPA analysis maps each identifier to the corresponding mol-
ecule in the Ingenuity Pathway Knowledge Base. Itis available
at the Ingenuity System’s web site (http://www.ingenuity.

com). IPA analysis identified “immune disease” as the main
disease associated with the DEPs by biological function.

Western blot validation

Western blots were performed to validate the iTRAQ-based
results in N42, CIA42 and PA42 (10 samples each) mice.
Protein samples (30-50 pg) were separated by 12% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and
then transferred onto polyvinylidene difluoride membranes
(Bio-Rad). Following blocking with 5% skim milk, the
transferred membranes were incubated overnight at 4°C with
primary anti-isoform 2 of plasminogen activator inhibitor 1
RNA-binding protein (SERBP1) antibody (1:1,000; Abcam),

anti-asporin (ASPN) antibody (1:200; Santa Cruz) and
anti-leukemia inhibitory factor receptor (LIFR) antibody
(1:500; Santa Cruz). The membranes were subsequently
incubated for 1 hour at room temperature with secondary
antibodies (1:3,000; Proteintech). Bands were visualized
with an electrochemiluminescence detection reagent (Thermo
Scientific Pierce) and quantified by densitometry using the
Image-Quant image analysis system (Storm Optical Scanner,
Molecular Dynamics). B-actin was detected simultaneously
as a loading control. All Western blot analyses were per-
formed in triplicate.

Statistical analyses

SPSS software (Version 18; IBM, New York, NY, USA)
software and GraphPad Prism v7.0 software were used for
the statistical analyses. The data are expressed as means £ SD
and median and 25/75%. Group comparisons were performed
by one-way analysis of variance tests and independent 7-tests.
A value of p<<0.05 was considered statistically significant.

Results
The measurement of the degree of

arthritis

We measured the clinical index of rats, and found a sig-
nificant difference between pre-immunization and post-
immunization. There is no difference between the CIA
group and PA group at 21 or 28 days. However, a significant
change in the arthritis index was observed on days 35 and 42
(»<<0.01) (Figure 2A; Table S1). The levels of TNF-o and
IL-1p are shown in Figure 2B (Table S2). The expression
of these two factors was significantly reduced (p<<0.01) in
the rats treated with PA at 42 days.

The DEPs are significantly changed by PA
Proteins with a =1.20-fold or =0.84-fold difference were
regarded as DEPs. In all, 273 proteins were identified as
DEPs between the CIA and normal control groups, and
86 proteins between the PA and CIA groups on day 42.
Of these proteins, we identified proteins with a >1.50-fold
or <0.80-fold difference. Twenty DEPs were significantly
changed by PA (Table 1), 11 with increased expression and
9 with decreased expression. Among these DEPs, LIFR and
ASPN were remarkably downregulated.

Bio-function analysis of the DEPs for CIA
rats affected by PA

In further study, we imported the DEPs of the CIA group into
the IPA software, and 56 biological functions were affected.
Among them, PA significantly affected 24 biological
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Figure 2 The severity index in the collagen-induced arthritis (CIA) rats pre- and post-treatment. Clinical arthritis scores (A) and serum inflammatory cytokine levels
(tumor necrosis factor-alpha [TNF-o], interleukin [IL-1B]) (B) were compared among the normal group, the CIA group and the paeoniflorin (PA) group. Hind foot arthritis
parameters were measured following 0, 21, 28, 35 and 42 days after immunization (n=10), serum inflammatory cytokines were measured following 42 days after immunization

(n=5). ¥p<<0.01 CIA versus PA; *p<<0.01 CIA versus normal; *p<<0.01 CIA versus PA.

functions. The IPA software identified biological functions
from three primary categories of functions: diseases and
disorders, molecular and cellular functions, and physiological
system development and function.

In the diseases and disorders category, connective tis-
sue disorders and the most relevant category of RA, were
significantly improved by PA. Other categories, including
inflammatory disease and skeletal and muscular disorders,
were also remarkably affected after treatment with PA. For
the physiological system development and function analysis,
behavior, hematological system development and function,

and cellular development were the top three categories after
treatment with PA. For the molecular and cellular functions
analysis, the DEPs for RNA post-transcriptional modification,
cell-to-cell signaling and interaction, antimicrobial response,
and inflammatory response were remarkably reduced after
PA treatment (Figure 3).

Signal pathway analysis of CIA rats

treated by PA
Based on the 273 DEPs, the IPA software analysis identified
107 canonical pathways. Of these pathways, PA affected

Table | Differentially expressed proteins identified by iTRAQ-based quantitative proteomics

Accession ID Description Score CIA42/N42 PA42/CIA42
QOEPHI Alpha- | B-glycoprotein 292.24 4.132231 0.525
G3V7K2 Leukemia inhibitory factor receptor 55.22 2.347418 0.671
Q5XIHI Asporin 781.11 1.915709 0.68
Q01129 Decorin 2,352.43 1.73913 0.773
D3ZvB7 Osteoglycin (predicted) 3,586.56 1.689189 0.774
P31211 Corticosteroid-binding globulin 191.98 1.605136 0.752
Q03626-2 Isoform 2 of murinoglobulin-1 3,004.97 1.605136 0.679
FILVO8 Uncharacterized protein (fragment) 44.45 1.55521 0.675
P20762 Ig gamma-2C chain C region 318.86 1.510574 0.668
Q63041 Alpha-|-macroglobulin 3,857.55 1.510574 0.755
P02454 Collagen alpha-1 (I) chain 5,647.92 1.503759 0.788
P08494 Matrix Gla protein 0 0.794281 2.504
070210 Chondroadherin 52.12 0.76864 2463
COSSw8 Eukaryotic translation initiation 57.04 0.76746 1.7
factor 2 subunit 3
FILQI4 Aggrecan core protein 108.63 0.712251 1.501
G3Ve6E7 Fibromodulin 815.54 0.665779 1.71
P70490 Lactadherin 31.47 0.610501 2.278
P16975 SPARC 166.23 0.57971 1.505
FILQ93 Collagen alpha-1 (IX) chain 0 0.493583 1.69
FILRM7 Collagen alpha-1 (Il) chain 444.4 0.444247 3.623
Abbreviations: iTRAQ, isobaric tags for relative and absolute quantification; N, normal; CIA, collagen-induced arthritis; PA, paeoniflorin.
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Figure 3 The top bio-functions of collagen-induced arthritis (CIA) day 42 versus normal (N) control day 42 versus paeoniflorin (PA) day 42 by ingenuity pathway analysis
(IPA). Orange: the top function from the diseases and disorders category; green: the top function from physiological system development and functions category; blue: the

top function from the molecular and cellular functions category.

44 signaling pathways. Forty-one canonical pathways were
significantly perturbed with p<<0.05, which corresponds to
—log (p-value) >0.8 identified pathways (Table S3). Our
results showed that liver X receptor/retinoid X receptor
(LXR/RXR) activation was the pathway that was most sig-
nificantly downregulated by PA (Figure 4).

Identification of significant networks

through IPA interaction analysis

IPA interaction analysis found six networks of CIA rats
after PA treatment. DEPs were mostly enriched in the three
significant networks. The 35 proteins that were involved in
connective tissue disorders, inflammatory disease, cystic
fibrosis, acquired partial lipodystrophy and phosphoglyc-
erate were grouped as network 1. Of these proteins, 17
proteins, including ASPN, were influenced by PA (IPA
score 28, Figure 5A). The 35 proteins that were involved
in kidney failure, developmental disorder, renal and uro-
logical disease, and cell death and survival were grouped
as network 2. Fourteen proteins were influenced by PA
(IPA score 25); LIFR was significantly downregulated
(Figure 5B). In network 3, PA changed the expression
level of 11 proteins, which were enriched and used in car-
diovascular system development and function, organismal

development and cellular development (IPA score 16,
Figure 5B) (Table 2).

Verification of ASPN and LIFR

Our results provide a set of candidates for validation as
biomarkers for the treatment of RA.* We validated two
detected DEPs (ASPN and LIFR) by Western blots. These
two proteins were progressively upregulated at day 42 in the
CIA rats versus the NC rats. On day 42 in the PA group, they
were progressively downregulated (Figure 6).

Discussion

The present study demonstrated that ASPN and LIFR, which
were involved in two significant networks, contributed mostly
to the efficacy of PA to treat CIA rats. These two proteins,
related to inflammation, immunoreactions and metabolism,
were significantly downregulated by PA. Further, Western
blots confirmed the aforementioned druggable targets of
PA treatment. This is the first study to elucidate the molecular
mechanism for PA treatment of CIA rats.

The results of the bio-functional analysis indicated that
more than one-third of RA-related functions are affected by
PA, including connective tissue disorders, inflammatory dis-
ease, skeletal and muscular disorders and lipid metabolism.
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Figure 4 The pathways of the significant differentially expressed proteins (DEPs) of the collagen-induced arthritis (CIA) group and the paeoniflorin (PA) group. Top 25
canonical pathways using ingenuity pathway analysis in CIA on day 42, —log (p-value) >0.8. Twenty-one pathways were involved with PA treatment.

Furthermore, these functions are mostly connected with
inflammation, immunoreactions and metabolism. During
PA challenge with RA, proteins, including LIFR and ASPN,
enriched in these functions were significantly downregulated
in synovial tissue. With the help of pathway analysis, we
uncovered 41 significantly enriched canonical pathways after
PA treatment. Interestingly, the majority of the pathways con-
tribute to inflammation, metabolism and immune response.
Based on previous research, LXR/RXR activation is a key
pathway related to inflammation and metabolism.?
LXR/RXR activation primarily increases the expression
of genes involved in cholesterol and lipid metabolism?®
and the inflammatory response.?’ This pathway induces the
expression of sterol regulatory element-binding SREBF1 and
SREBF2,% leading to a decrease in fatty acid synthesis. Our
previous study demonstrated that LXR/RXR activation is a
considerable pathogenesis mechanism in CIA rats.”> Some
studies indicate that activation of the LXR/RXR heterodimer
through either LXR or RXR prevents pathogen-induced
macrophage apoptosis, a microbial strategy for eluding innate
immune responses. The LXR/RXR heterodimer promotes

macrophage survival by enhancing the expression of anti-
apoptotic regulators (eg, AIM/CT2, Bel-XL, Bircla and SPa)
and inhibiting the expression of proapoptotic regulators (eg,
caspases 1,4, 11,7, and 12 and Fas ligand) and thereby might
have utility in the therapy of systemic lupus erythematosus
or allergic asthma.?° Thus, the inhibition of this pathway
in the synovial tissue may reduce the level of lipid synthesis
and/or inflammation. This study clearly indicates that PA
downregulated the expression of proteins in LXR/RXR acti-
vation. Therefore, PA may have a role in anti-inflammation
or lipogenic mechanisms in synovial tissue.

The aforementioned results showed that PA could
improve the RA-related pathways implicated in inflamma-
tion, metabolism and immune response. Similarly, the IPA
interaction analysis indicated that PA substantially down-
regulated ASPN and LIFR, which were involved in two
essential networks after PA treatment. Evidence indicates
that these two proteins mostly contribute to inflammation,
metabolism and immune response.’!*2 ASPN, a class I small
leucine rich proteoglycan (SLRP), is expressed in articular
cartilage.’! Many SLRPs influence cellular functions through
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Figure 5 Pathway networks were identified using ingenuity pathway analysis (IPA). Network #1 (A), network #2 (B), and network #3 (C) are shown. The node (protein) is
described in the right of the figures. Colored nodes refer to proteins found in our dataset (green = upregulated, red = downregulated). Uncolored nodes were not identified
as differentially expressed in our experiment and were integrated into the computationally generated IPA networks to indicate relevance to this network. Red circles indicate

Abon
bty

cACNATE

a significant effect by paeoniflorin (PA).

Table 2 Networks generated using ingenuity pathways analysis

Pl

\ ~
ssfe’.;ma/ “
& N
_swsan3

X Serinadk ({pclidés otrs)

[V

IPA node shapes

& Enzymes

A Phosphatases

V Kinases

< Peptidases

Q Transmembrane receptor
0 Cytokines

O Transporter

O Translation regulator
© Group or complex

© Transcription regulator
O Other

Number Molecules in network Score Focus Top diseases and
molecules functions

| AHR, ALDH2, ASPN, ATF4, Cbx3, CHAD, Clu, CMAI, 28 17 Connective tissue disorders;
COL9AI, CYPIAI, ECI2, EEFIB2, EIF2AK4, EZH?2, inflammatory disease; cystic
FBLNS, IGFBPS, KITLG, LMNB2, MTPN, MYHI, MYH4, fibrosis; acquired partial
MYLI, MYLPF, NKX2-1, PCK2, Pfn2, PHGDH, SDCI, lipodystrophy; phosphoglycerate
SLC3A2, SNAI2, TGFBI, TH, TNNC2, YWHAZ, YYI

2 App, ATPIAI, ATPIBI, CIQBP, CASPI, CD74, 25 14 Kidney failure; developmental
CHAD, COLIAI, COL9AI, COPE, CTGF, DLG4, F2R, disorder; renal and urological
FTL, GNAOI, GPT, HIFIA, HMOXI, IFNG, KCNJ10, disease; cell death and survival
LIFR, MLCI, MYC, NFE2L2, NKX2-1, NRXNI, PCGF2,
Pld, RACI, RPL18, SERPINAS, Serpina3k (includes
others), SLC25A13, SLC7AI |, STXBPI

3 ACAN, ADAMTSS5, AP2S1, APOE, APOH, CACNAIB, 16 I Cardiovascular system
CASPI, CNTF, COLIAI, Collagen(s), CYBB, ESR2, development and function;
F2R, FGF2, GABBRI, Gsk3, GSTAI, GSTA3, Gsta3, organismal development;
HSPG2, ILIB, JUN, LEP, MEFV, MGP, MIF, MMPI3, cellular development
MPZ, PYCARD, SDC4, SERPIND I, SERPINF2, SMPDI,
TGM2, TIMP3
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Figure 6 Result of Western blot verification: A and B show the expressional changes of asporin (ASPN) on day 42 of collagen-induced arthritis (CIA), normal (N) control
and paeoniflorin (PA); C and D show the expressional changes of leukemia inhibitory factor receptor (LIFR) on day 42 of CIA, the normal control and PA.

Notes: *p<0.05; **p<<0.01.

binding and modulating members of the transforming growth
factor 3 (TGF-P) superfamily.® Activated TGF-3 (aTGF-f3)
interacts with and signals through TGF-B type I and type
II serine/threonine kinase receptors (TGF-f RI and RIT).*
ASPN directly links with TGF-B type I, which subsequently
leads to a loss of aTGF-B and subsequently influences cel-
lular functions.* High levels of ASPN in the synovial tissue
reduces the expression of TGF-B1 and promotes the dysregu-
lation of collagen fibril metabolism of the joint.** Therefore,
the expression of ASPN is positively correlated with the
severity of RA. LIFR is a subunit of a receptor for LIF. LIF,
produced by muscle cells, is a soluble IL-6 family cytokine
that regulates a number of physiologic functions.’ In addi-
tion, LIF affects skeletal muscle regeneration by stimulating
the production of pro-inflammatory factors in the joint.*
Therefore, overexpression of LIFR could activate the ligand
and common signaling mediators to aggravate inflammation
of the chondral cells in synovial tissue.’” Interestingly, the
present study highlights PA inhibition of ASPN and LIFR
in CIA rats. Furthermore, Western blots confirmed the
downregulation of LIFR and ASPN after intervention with
PA. Taken together, this study provides the evidence that PA

could alleviate pathological changes in the synovial tissue
due to RA through the inhibition of the proteins involved in
inflammation, metabolism and immune response.

Conclusion

Our results confirm the feasibility of using iTRAQ-based
quantitative proteomics to identify DEPs. First, 20 identified
proteins showed progressive changes with PA treatment. Next,
in the 107 biological functions associated with CIA rats, 44
were found to be affected by PA. In addition, PA significantly
downregulated the expression of proteins in LXR/RXR
activation. Moreover, the network analysis indicated that PA
may be an efficacious herb to treat RA. Of these candidate
biomarkers of CIA rats in networks, PA anticipated the expres-
sion mechanism of ASPN and LIFR. Our study is the first to
confirm the druggable targets of CIA rats with PA treatment
through iTRAQ-based quantitative proteomics. These find-
ings may serve as potential therapeutic agents against RA.
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