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Background and Objectives: Guizhi-Shaoyao-Zhimu decoction (GSZD) is often applied
to control rheumatoid arthritis (RA), gout, osteoarthritis, etc. In this study, bioinformatic
analysis and experimental verification were used to uncover the integral mechanism profile
of GSZD against RA.

Materials and Methods: The chemical compositions of GSZD were identified by UPLC-
QTOF-MS/MS. MH7A cell model was established to screen active compounds in GSZD,
and potential targets of these compounds were predicted through online database retrieval.
The differential expression genes (DEGs) in synovial tissue of RA patients and normal
controls were retrieved from the GEO database. DEGs and the predicated compounds targets
were overlapped, and the overlapped genes were subsequently enriched by GO and KEGG
analysis. The pathways with significant enrichments were further experimentally verified.
Results: A total of 19 constituents were identified from GSZD, and 11 compounds showed
obviously antiproliferative effects on MH7A cells with ICsq < 100 pg/mL. Bioinformatic
analysis indicated that IL-1B, IL-6, MAPKS, JAK2, CXCLS8, and CASP3 were the main
targets of GSZD, and the integral pharmacological mechanisms profile of GSZD might be
related to anti-inflammation and proapoptosis. GSZD can promote the loss of mitochondrial
membrane potential (MOMP) and induce apoptosis in MH7A cells. Furthermore, in vitro
experiments showed GSZD can not only downregulate mRNA expressions of IL-1B
(»<0.05), IL-6 (p<0.05), MMPs (p<0.05) and CCL5 (p<0.05) but also inhibit the nuclear
transcription of NF-kB. GSZD also reduced the expressions of Bcl-2 (p<0.05), J4K2
(p<0.05), STAT-3 (p<0.05), whereas increase Bax (p<0.05), Caspase-3 (p<0.05) and cas-
pase-9 (p<0.05).

Conclusion: Collectively, inducing synovial fibroblast apoptosis and inhibiting inflamma-
tory response are two important ways for GSZD to RA, and our study proved bioinformatic
analysis combined with experimental verification is a feasible method to explore the drug
targets and mechanism of actions of TCMs.

Keywords: apoptosis, anti-inflammatory, bioinformatic analysis, rtheumatoid arthritis,
Guizhi-Shaoyao-Zhimu decoction

Introduction

As a chronic invasive autoimmune disease, rheumatoid arthritis (RA) is characterized by
joint involvement, proliferative synovitis and bone and cartilage destruction. Currently,
the pathological mechanisms of RA are not clear. However, the rtheumatoid arthritis

submit your manuscript

Dove n

http:

in 3

Journal of Inflammation Research 2021:14 217-236 217

© 2021 Thang 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.

AT php 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://orcid.org/0000-0001-7496-8469
mailto:wucjcdtcm@163.com
mailto:gaoyxcdtcm@126.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Zhang et al

Dove

fibroblast-like synovial cells (RA-FLSs) are generally believed
to be one of the main causes of RA." Previous scientific
researchers have confirmed that RA-FLSs could release exces-
sive pro-inflammatory cytokines, chemokine, and matrix
metalloproteinase (MMP), resulting in synovial hyperplasia,
inflammatory reactions, pannus formation and bone and carti-
lage destruction. In addition, the activated RA-FLSs possess
the tumor-like abnormal proliferation without inadequate
apoptosis.' Apoptosis, also known as programmed cell death,
is an important form of cell death, which is of great significance
to the growth and development of the organism. In addition,
the study found that apoptosis did not cause inflammation in
the surrounding environment. Consequently, effective induc-
tion of apoptosis in RA-FLSs appears to be a feasible method
for the control and treatment of RA. Furthermore, increasing
evidence has suggested that natural herbal medicines are
a good resource when searching for new available candidate
drugs for treating RA and its related diseases, in particular the
traditional Chinese medicines (TCMs) and their clinically
proven recipes.”

As is well-known, TCMs and their formulations have
good therapeutic effects on many diseases, but their fea-
tures of “multiple components act on multiple targets and
multiple pathways” bring great difficulties to reveal their
potential mechanisms.’ Network pharmacology is a novel
way for investigation of active ingredients, pharmacologi-
cal mechanism, drug targets of TCMs and TCM formulas.’
Furthermore, network pharmacology can explain the
mechanism of drug action from a holistic perspective,
which coincides with the holistic thinking of TCM theory.
Currently, systematical biology is widely applied to study
the mechanisms of pathological action of various diseases.
In addition, microarray assays and bioinformatic study
were comprehensively carried out to analyze the differen-
tially expressed genes (DEGs) under diseases and enrich-
ment functional terms.® In our present study, we aimed to
uncover the possible molecular mechanisms of Guizhi-
Shaoyao-Zhimu decoction (GSZD) for treating RA using
an integrated approach based on network pharmacology,
bioinformatics and vivo experiments.

Materials and Methods

Chemicals, Reagents, and Materials

Reference substances including malic acid, citric acid, gallic
acid, ephedrine, pseudoephedrine, neomangiferin, mangiferin,
albiflorin, paeoniflorin, prim-O-glucosylcimifugin, liquiritin,

5-O-f-D-glucosyl-5-O-methylcisamminol,  anemarsaponin

E1, anemarsaponin BII, liquiritigenin, anemarsaponin C, licor-
ice saponin G2, glycyrrhizic acid and anemarspaonin I were
acquired from the Chengdu Desite Co. Ltd (Chengdu, China),
and the purity of these compounds was >98%. Annexin
V-FITC/PI assay kit was obtained from Multisciences
(Lianke) Biotechnology Corporate Limited (Hangzhou,
China). CCK8 detection kit and JC-1 probe was obtained
from US Everbright®Inc (Suzhou, China). Enhanced chemi-
luminescence (ECL) luminescence reagent was purchased
from Beijing 4A Biotech Co (Beijing, China). NF-kB activity
assay kits were purchased from Beyotime Biotech (Haimen,
China), and the human tumor necrosis factor (TNF)-a was
obtained from Pepro Tech (Rocky Hill, NJ, China). BCA
protein quantitative kit and primary antibodies for JAK?2,
STAT3, Bcl-2, Bax were bought from BOSTER biological
technology company (Wuhan, China). C-caspase-9,
C-caspase-3, p-JNK1/2, INK1/2, B-actin, and the IgG-HRP
were obtained from Cell Signaling technology (Chiyoda-ku,
Tokyo, Japan). The QuickEasy™ Cell Direct RT-qPCR Kit-
SYBR Green I kit was obtained from Chengdu Foregene
Company Limited.

Prepare the GSZD Extracts

According to the previous method to prepare the freeze-
dried powder of GSZD extract.” Briefly, the nine herbs
including Cinnamomi ramulus (12g), Paeoniae radix alba
(9 g), Glycyrrhizae radix et rhizoma (6 g), Ephedrae
herba (6 g), (15 g,
Atractylodis rhizoma (15 g),

Zingiberis rhizoma recens
macrocephalae
Anemarrhenae rhizoma (12 g), Saposhnikoviae radix
(12 g), and processed Aconiti lateralis radix praeparata
(6 g) are mixed with purified water and soaked for half
an hour, then boiled for an hour. Filtrate was collected,
vacuum-concentrated at 60°C, and finally freeze-dried to
obtain the freeze-dried powder of GSZD water extract.

The powder was stored in a dryer for subsequent testing.

Qualitative UPLC-QTOF-MS/MS Analysis
The main chemical composition of GSZD water extract
was analyzed by UPLC-QTOF-MS. Chromatographic
separation was carried out applying an Agilent 1290 sys-
tem (Santa Clara, CA, USA). The XBridge BEH Cig
(2.1x100 mm, id.; 2.5 pm, Waters, MA, USA) was
applied for sample separation at 45°C using a gradient
elution. Acetonitrile (A) and 0.1% formic acid-water (B)
were used as mobile phase.

The gradient program was set as: 0-0.2 min, 3% A;
0.2-1.5 min, 3%-10% B; 1.5-2.2 min, 10% A; 2.2-2.9
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min, 10-15% A; 2.9-3.3 min, 15% A; 3.3—4.2 min, 15-22%
A; 4.2-4.6 min, 22-25% A; 4.6-5.4 min, 25-35% A; 5.4-8.0
min, 35-40% A; 8.0-10.0 min, 40-45% A; 10.0-11.0 min,
45% A; 11.0-13.0 min, 45-3% A. The flow rate and injection
volume were set as 0.4 mL/min and 1.0 pL, respectively.
Mass analysis was performed on the 6538 UHD Accurate-
Mass Q-TOF LC-MS (Agilent Technologies Inc, Santa
Clara, CA, USA) equipped with electrospray ionization
(ESI). Nitrogen was applied as auxiliary gas and sheath gas
with the flow rate of 12 L/min. The mass determination was
carried out based on positive and negative scanning mode
with the m/z ranging from 100 to 1000.

Cell Culture

MHT7A cells are a novel immortalized rheumatoid fibro-
blast-like synoviocyte (FLS) line established by Miyazawa
et al in 1998, which have highly consistent pathological
characteristics with parental FLSs.” At present, MH7A cells
as a mature pathological model cells have been widely used
in the study of RA.*®° Human rheumatoid arthritis fibro-
blast-like synovial cell line of MH7A was obtained from the
Beina Biological Company (Beijing, China), sub-cultured in
DMEM (high glucose) containing 10% FBS at 37°C. Cells
were passed through every 3—4 days, and only 3—5 genera-
tions of MH7A cells were used in the experiment.

Preliminary Screening of Anti-RA
Compounds in GSZD

To screen the possible active constituents against RA in
GSZD, we used cell counting kit-8 (CCKS8) method to
detect the effects of the main compounds in GSZD on
MH7A cell viability.'” Briefly, MH7A cells (5x10°/well)
suspension was placed in 96-well plates and cultured for
24 h. After this, as previously described, the compound at
different concentrations (0—100 pg/mL) was used to inter-
vene in the cells for 24 h. At the end of treatment, 20 pL
CCK8 was added into the cell culture wells and cultured
for another half hour. The OD value of the 96-well plate
was recorded at 450 nm by a microporous counter plate
and the cell viability of each group was calculated.

Data Collection and Data Preprocessing
To Establish GSZD Compound Target Library

All the chemical structures of the screened active com-
pounds by CCKS assays were drawn by ChemDraw pro-
fessional 15.0 and saved as Mol. format files, and the Mol.
format files of potential active compounds were imported

into the PharmMapper (http://www.lilab-ecust.cn/pharm

mapper/) and SwissTargetPrediction (http://www.swisstar

getprediction.ch/) online databases to forecast the action
targets. Targets of these compounds were collected
through high-throughput screening and reverse docking.
In addition, compound target libraries were also supple-
mented the reported targets of GSZD in previous

literature.!'1°

To Establish RA Targets Library

As a common data platform, the Gene Expression
Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/
geo) allows open access to gene expression data of arrays,

chips and microarrays. We focused only on the comparison
of gene expression data sets between synovial tissue sam-
ples from patients with RA and normal synovial tissue. At
the same time, in order to ensure the stability and cred-
ibility of the analysis results, only data sets with a sample
size larger than 10 were selected. Finally, the three data
sets of RA were downloaded from the GEO database,
dataset GSES55457 performed on the (HG-U133A)
Affymetrix Human Genome U133A Array (GPL96 plat-
form), and in this gene expression dataset, synovial tissue
samples from 13 RA patients and 10 healthy human sam-
ples were included, dataset GSE55235 performed on the
(HG-U133A) Affymetrix Human Genome U133A Array
(GPL96 platform), and in this gene expression dataset,
synovial tissue samples from 10 RA patients and 10
healthy human samples (control) were included, dataset
GSE1919 performed on the (HG-

U95A) Affymetrix Human Genome U95A Array (GPLI1
platform), and in this gene expression dataset, synovial
tissue samples from five RA patients and five healthy
human samples were included.

The data sets downloaded from the GEO library are
imported into the R language (3.6.3), and according to the
relevant annotation information on the platform, the
probes are transformed into corresponding gene symbols.
In the case of a gene symbol with multiple probes, the
average value is taken as the final expression value. At the
same time, the data is preprocessed by background cor-
rection, quantile normalization, base 2 logarithm conver-
sions and so on, and finally the difference analysis of gene
expression between normal human and RA patients was
realized. In this study, logFC (fold change) >2 and
adjusted p-values <0.01 considered that the difference
was statistically significant, and the corresponding genes
were identified as DEGs, combining these DEGs is the
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RA target library. In addition, some important targets
reported in previous literatures regarding the treatment
of GSZD on RA are also supplemented in the RA target

library. %%

Protein-Protein Interaction (PPI)

The overlapping genes (OGs) obtained from the intersec-
tion of RA target library and compound target library are
the objective targets of this study. The protein-protein
interaction (PPI) analysis of the OGs was performed
using the search tool for the retrieval of interacting
genes/proteins (STRING) online database (http://string.
embl.de/). Furthermore, Cytoscape software (3.6.0) was
used to visualize these interactions and construct PPI net-
work diagram. Each node in the diagram represents
a target, and the edge represents the interrelationships
between targets. In addition, cytoHubba tool was used to
analyze the hub genes in PPI.

Construct Drug-Target Network
Diagram (DTN)

Collected target compound data pairs were introduce into
Cytoscape software to construct drug-target network dia-
gram (DTN). In this network chart, nodes show com-
show the
interrelationships between compounds and proteins. In

pounds and proteins, while edges
addition, the average shortest path length, betweenness
centrality, closeness centrality, degree, and other network
topology parameters in DTN were analyzed to evaluate the

importance of each node in the network graph.

Bioinformatic Analysis

In order to comprehensively analyze the basic functions
and participating pathways of these OGs, gene ontology
(GO) term function annotation and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analy-
sis were employed with the Clusterprofiler package in
R language. P<0.05 was considered statistically significant
in this study.

Detection of the Activity of Transcription
Factor NF-«xB

The cells were inoculated in laser confocal plates (1x 10%/well)
and treated with TNF-a (20 ng/mL) and GSZD (0.8, 1.6,
3.2 mg/mL) for 24 h. Subsequently, immunofluorescence
staining was performed, following the detailed instruction of
the commercial kit, to determine the activation and transfer of

the primary NF-kB subunit p65 to the nucleus under a laser
confocal microscope. The NF-kB P65 staining shows red
fluorescence, and the DAPI staining of the nucleus shows
blue fluorescence.

gRT-PCR Analysis

The cells were inoculated in a six-well plate (2x105/well)
and treated with TNF-a (20 ng/mL) and GSZD (0.8, 1.6,
3.2 mg/mL) for 24 h, and the PCR experiment was con-
ducted according to the previously established experimen-
tal method. The total RNA of the cells was extracted with
the QuickEasyTM Cell Direct RT-qPCR Kit-SYBR Green
I kit according the standard steps in the instructions of kit,
the cDNA was synthesized using Direct RT Mix in the kit,
and the Direct qPCR Mix-SYBR of kit was used to
amplify cDNA, and the primers used in this qRT-PCR
test were shown in Table 1.2>?® The 272" method was
applied to analyze the mRNA expressions of target

2
genes.”

Flow Cytometry Analysis

The cells were inoculated in a six-well plate (2x10°/well)
and treated with different concentrations of GSZD (0.8,
1.6, 3.2 mg/mL) for 24 h. After treatment, the cells were
collected and washed with PBS. Following the standard
steps of the instructions of commercial kit, cells were re-
suspended with 500 pL binding buffer, and stained with 5
pL of annexin V-FITC and PI at 37°C in dark for 30 min.
Finally, the cell apoptosis rate was detected by flow cyto-
metry (BD Company, Franklin Lakes, NY, USA).

Mitochondrial Membrane Potential
(MOMP) Detection

The decrease of mitochondrial membrane potential
(MOMP, A¥m) occurred before phosphorylated serine
ectropion and activation of caspase hydrolase, which is
an important marker of early cell apoptosis. JC-1 is
a fluorescent probe that can reflect MOMP changes in
cells. In normal condition, JC-1 commonly gathers in the
mitochondrial matrix in the form of polymers with red
fluorescence under 590 nm. With the reduced MOMP,
the JC-1 would exist as monomer with green fluorescence
at 530 nm. Therefore, compared with normal cells, the
fluorescence intensity ratio of red/green in apoptotic or
necrotic cells was reduced. The cells were inoculated in
laser confocal plates (1x10*well) and treated with differ-
ent concentrations of GSZD (0.8, 1.6, 3.2 mg/mL) for 24
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Table | Sequences of Primers Used for qRT-PCR

Genes Sequences Reference

hiLIp F 5-CCAGGGACAGGTATGGAGCA-3’ 23
R 5-TTCAACACGCAGGACAGGTACAG-3’

hILé F 5-AAGCCAGAGCTGTGCAGATGAGTA-3’ 23
R 5-TGTCCTGCAGCCACTGGTTC-3’

h L8 F 5-AGG GTT GCC AGA TGC AAT AC-3 24
R 5'-AAA CCA AGG CAC AGT GGA AC-3'

h MMPI F 5-CTCAATTTCACTTCTGTTTTCTG-3' 25
R 5-CATCTCTGTCGGCAAATTCGT-3'

h MMP2 F 5-GGATCCGCAAGTGGTCCGTGTGAAGTAT-3' 26
R 5-AAGCTTGCTGTACCCTTGGTCAGGGCAGAA- 3’

h MMP3 F 5-GAAGACTTTCCAGGGATTGACT-3' 27
R 5-GTGCCTTCTACTACTCTTTCAAC -3’

h cCL5 F 5'- CTACTCGGGAGGCTAAGGCAGGAA -3’ 28
R 5'- GAGGGGTTGAGACGGCGGAAGC -3’

h GAPDH F 5-TGAACGGGAAGCTCACTGG-3’ 27
R 5-TCCACCACCCTGTTGCTGTA-3'

Abbreviations: F, forward; R, reverse.

h. After treatment, an appropriate amount of JC-1 probe
was added to the laser confocal plate and incubated in dark
for 20 min. Laser confocal microscopy was used to
observe the intensity of red and green fluorescence in
cells at 530 nm and 590 nm, and the intensity ratio of
red/green was photographed and calculated.

Western Blotting (WB) Assay

The cells were treated in the same way as described
before. In short, the cells were inoculated in six-well plates
(2x10°/well) and incubated for 12 h, followed by different
concentrations of GSZD (0.8, 1.6, 3.2 mg/mL) and/or
TNF-a (20 ng/mL) for 24 h. At the end of the treatment,
100 pL RIPA cell lysate were added to extract the total cell
protein. Then, the SDS-PAGE was used to separate the
protein, and the separated protein was transferred to poly-
vinylidene fluoride (PVDF) membrane. Then, 3% BSA/
Tris buffered saline-Tween-20 (TBS-T) buffer was applied
to block the PVDF membrane (two hours), and then the
PVDF membrane was probed with primary antibodies of
JAK?2 (dilution of 1:300), STAT3 (dilution of 1:300), Bcl-2
(dilution of 1:300), Bax (dilution of 1:300), C-caspase-9
(dilution of 1:1000), C-caspase-3 (dilution of 1:1000),
p-JNK1/2 (dilution of 1:1000), and JNK1/2 (dilution of
1:1000) at 4°C for overnight and then incubated with

HPR-conjugated antibody at 37°C for one hour. Finally,
enhanced ECL solution was used to develop the protein
bands and record the images, and B-actin was used as the
internal reference. Image J software was used to conduct
normalized analysis and processing of the collected pro-
tein bands.

Statistical Analysis

Each experiment was repeated three times, and the data
were expressed as the average of the results of the three
experiments. Results were expressed as mean =+SD.
Significant differences between means were compared
with  the

using the Duncan’s

p-value <0.05.

multi-range  test

Results
Chemical Composition of GSZD Extract

The main components in extracts of GSZD were analyzed
qualitatively based on UPLC-QTOF-MS/MS. The analysis
results were shown in the Figure 1 and Table 2, including
the total ion chromatogram of UPLC-QTOF-MS, as well
as the structural formula of main chemical components in
GSZD.

Within 13 min, the UPLC-QTOF-MS system detected
more than 20 major component peaks from the GSZD
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Figure | Result of the HPLC-Q-TOF-MS/MS analysis of the water extracts of GSZD. (A) MS-BPC spectrogram (positive and negative mode). (B) Compounds in water

extracts of GSZD identified by the HPLC-Q-TOF-MS/MS assays.

water extract. By comparing with the known chemical
constituents in GSZD established by us (a total of 1200
compounds; data are not shown) and the reported literature
data,**>> 19 main compounds were finally identified and
deduced according to their mass spectrometry behavior
and fragment ion characteristics. Finally, by comparing
these components with the compound standard reference,
the 19 main compounds were identified to be malic acid

(1), citric acid (2), gallic acid (3), ephedrine (4), pseudoe-
phedrine (5), neomangiferin (6), mangiferin (7), albiflorin
(8), paeoniflorin (9), prim-O-glucosyl-cimifugin (10),
liquiritin (11), 5-O-B-D-glucosyl-5-O-methylcisamminol
(12), anemarsaponin E1 (13), anemarsaponin BII (14),
liquiritigenin (15), anemarsaponin C (16), licorice saponin
G2 (17), glycyrrhizic acid (18), anemarsaponin I (19)
respectively. Interestingly, these 19 monomers have been
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Table 2 Precursor and Product lons of Constituents in Guizhi-Shaoyao-Zhimu Decoction

No. Compound Name tg/min | Molecular Formula | [M-H]™ [M+H]* | MS/MS m/z

GZ-1 Malic acid 0.731 C4HeOs 133.0659

GZ-2 Citric acid 0.944 CeHgO7 191.0201

GZ-3 Gallic acid 1.363 C;H¢Os 169.0141 125, 97

GZ-4 Ephedrine 1.791 CoH;sNO 166.0867 | 148, 132, 115

GZ-5 Pseudoephedrine 2.126 CoH;sNO 166.1232 148

GZ-6 Neomangiferin 2.678 CysH28016 583.1322 565, 493, 463, 421, 331, 301

GZ-7 Mangiferin 3.656 Ci9H g0y 421.0794 331, 301, 285, 271, 259

GZ-8 Albiflorin 4.141 Cy3H,50 525.1630 [M+HCOO]™ 479 [M-H]', 435, 357, 327

GZ-9 Paeoniflorin 4.461 Cy3H,80 525.1621 499, 327, 283, 121

GZ-10 | Prim-O-glucosyl-cimifugin | 4.577 CyH20, 469.1723 | 451, 307, 289, 259

GZ-I1 | Liquiritin 4971 Cy1H» Oy 417.1204 255, 135, 119, 91

GZ-12 | 5-O-p-D-glucosyl-5-O- 5.439 CH8010 453.1773 | 291, 273, 259, 243, 219, 205
methylcisamminol

GZ-13 | Anemarsaponin El 5.521 Ci4sH7¢040 935.4867 773, 756, 612, 594

GZ-14 | Anemarsaponin Bl 5.965 C4sH7¢015 919.4926 757, 595, 577, 329

GZ-15 | Liquiritigenin 6.187 Ci5H,04 255.0599 135, 119, 91

GZ-16 | Anemarsaponin C 6.713 C4sH740 8 901.4812 739, 577

GZ-17 | Licoricesaponin G2 6.869 C4HexO)7 837.3906 351, 193, 175

GZ-18 | Glycyrrhizic acid 8.085 C4He2016 821.3981 759, 645, 469, 351, 193

GZ-19 | Anemarsaponin | 8.249 C39HgsO 14 757.4373 434

described in the previous literature on GSZD. Among
these monomers, compounds 13, 14, 16, 17, 18, and 19
are triterpenoid saponins and steroidal saponins, and fol-
lowed by flavonoids (including 6, 7, 11, and 15), and the
diterpenes (including compounds 8 and 9) and phenylpro-
panoids (including 10 and 12). Besides, there are three
organic acid (compounds 1-3) and two alkaloids (com-
pounds 4 and 5).

Target Prediction of GSZD Against RA

Complete the experiment of this study according to the
flow chart in Figure 2A. In short, the effects of 19 com-
pounds in GSZD on the growth activity of MH7A cells
were detected by CCK8 experiment. Results as shown in
Figure 3, 11 compounds including anemarsaponin I, gallic
acid, paeoniflorin could significantly inhibit the activity of
cells, suggesting that these compounds are the potential

material basis for GSZD to play an anti-RA role.
Subsequently, the targets of these compounds were pre-
dicted by means of reverse docking, supplemented by
literature mining, and 653 targets of GSZD were finally
obtained.

After normalization of three data sets (GSES55457,
GSES55235, and GSE1919) downloaded from the GEO
database, the volcano map and hot spot map of gene expres-
sion were obtained (Figure 2B and C). Finally, 549 differ-
entially expressed genes were obtained in the synovial
tissue of RA patients and normal controls, among which
237 genes were upregulated and 312 genes were down-
regulated. At the same time, existing studies have shown
that GSZD can play a role in RA treatment by regulating
the expression of JAK2, CASPA3, BAX, BCL2 and other
genes or proteins.>''® Therefore, these targets are also
taken into account in the construction of RA target library.
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Figure 2 Flowchart of the study strategy and overlapped targets screen. (A) Flowchart of the analysis strategy in the study. (B) The volcano plot of the differentially
expressed genes in microarray data sets of GSE55457, GSE55235, and GSE1919. The vertical axis represents log 2 FC (fold change) and the horizontal axis represents log 10
(p-value). (C) Heatmap of differentially expressed genes (DEGs) in microarray data sets of GSE 55457, GSE55235, and GSE1919. The vertical axis represents the sample. The
horizontal axis represents DEGs. (D) Overlap of the genes by DEGs and predicted targets. Magenta circle is the predictive gene of | | potential active compounds in GSZD
(653), the blue circle is the DEGs in synovial tissue of RA patients and normal patients (574), and the overlap in the middle is the overlapping genes between the two genes
(83). (E) PPI network of the screened targets. (F) The top 20 hub genes in the PPl network were selected according to the node degree.

Finally, the RA target library containing 574 genes was
obtained. In the end, the intersection of the target of the
compound and the target of RA was taken to obtain 83
potential targets (OGs) of GSZD for anti-RA (Figure 2D).

Results of PPl Analysis

The PPI network of GSZD anti-RA target gene was con-
structed by STRING database. The analysis results showed
that many target genes had interaction relationships (Figure
2E), and the top 20 hub genes were selected according to
node degree, namely /L6, TNF, MAPKS, JUN, MYC, CXCLS,
CASP3, EGFR, ILIB, HSP90AAI, STATI, CCLS5, JAK2,
NFKBI1, CD40, PTPRC, NFKBIA, AR, CASP9, IL17A.
Among them, IL6, TNF, MAPKS, CXCLS, CASP3, etc,
showed high degree, suggesting these genes might be the
potential drug targets of GSZD (Figure 2F).

KEGG and GO Enrichment Analyses of
OGs

In order to analyze the biological classification of OGs,
functional and pathway enrichment analysis was per-
formed using Clusterprofiler toolkit in R language. The
analysis results showed that the accumulation of these

OGs into biological processes (BPs) were mainly in
response to lipopolysaccharide, positive regulation of
cytokine production, leukocyte proliferation, cellular
response to biotic stimulus, multicellular organismal
homeostasis. The main concentration of the molecular
functions (MFs) were the cytokine receptor binding, hor-
mone binding, cytokine activity, ubiquitin like protein
ligase binding, protein tyrosine kinase activity, growth
factor receptor binding, cysteine-type endopeptidase activ-
ity involved in the apoptotic process. Enriched cellular
components (CCs) mainly include membrane raft, mem-
brane microdomain, membrane region, external side of
plasma membrane, nuclear envelope (Figure 4 and
Table 3).

Enrichment analysis of KEGG pathway found that these
OGs are mainly concentrated in the apoptosis, IL-17 signal-
ing pathway, MAPK signaling pathway, NF-kB signaling
pathway, RA, Toll-like receptor signaling pathway, the
(AGE)—receptor of

advanced glycation endproducts (RAGE) signaling pathway

advanced glycation endproducts

in diabetic complications, TNF signaling pathway (Figure 5
and Table 4). It is undeniable that inflammation plays an
important role in the process of autoimmune diseases such
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Figure 3 Effects of the main constituents in GSZD on proliferation of MH7A cells. Data were expressed as mean *SD (n=3).

as RA, and how to effectively control inflammation is also
the feasible direction for the development of anti-RA drugs
at present.’*>® At the same time, more and more evidence
shows that tumor-like proliferation and apoptosis defects of
FLSs are one of the root causes of RA. Inadequate apoptosis
of FLSs can lead to synovium hyperplasia and promote

pannus formation, while too many FLSs can increase the
release of MMPs and various chemokines, degrade extra-
cellular matrix (ECM), enhance inflammatory response,
damage joints and cause inflammatory infiltration.
Combined with previous PPI analysis, our current study

results suggest that TNF, STATI, PARPI, NFKBIA,
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Figure 4 GO functional enrichment analysis represented in bar chart (A), bubble diagram (B) and clustering dendrogram (C). Log FC means fold change of log value.

NFKBI, MMP3, MMP2, MMP1, MAPKS, JAK2, IL6, IL1B,
IL8, CCL5, CASP9, CASP3, CASPI, BAX and other genes
are involved in the anti-inflammatory and proapoptotic
activities of GSZD, thus playing a pharmacological role in
the treatment of RA. Therefore, we established a cell model
of RA in vitro to further explore and study the anti-
inflammatory and proapoptotic effects of GSZD.

The Main Potential Active Component
Against RA in GSZD

As shown the DTN in Figure 6, 11 chemical components
in GSZD can act on multiple similar or different targets at
the same time, indicating that GSZD has therapeutic
effects on RA through the multi-component and multi-
target mechanism. Through in-depth analysis of the net-
work diagram, it is found that GZ-19, GZ-3, GZ-9 and
GZ-8 have the most targets, 26, 25, 24, 20, respectively,
suggesting that these compounds have made a significant
contribution to anti-RA action of GSZD, and these

compounds also seem to be able to be used as quality-
marker (Q-marker) components of GSZD for its future
quality control (Table 5).

Anti-inflammation is the Important Way

for the Anti-RA Effects of GSZD

The results of KEGG suggested that NF-«xB signaling was
a key pathway for anti-RA effects of GSZD, and NF-«xB1,
NF-«IA was also considered as the joint target of GSZD.
Therefore, the effect of GSZD on nuclear translocation of
the NF-xB was researched using immunofluorescence
assay. The results showed that the nuclear translocation
of NF-«B subunit P65 increased sharply in TNF-a-induced
cells, and the nuclear transcription of NF-kB was signifi-
cantly inhibited when GSZD was added (Figure 7).

In addition, the qRT-PCR was applied to explore the
role of GSZD in regulating the expression of inflamma-
tion-related genes in TNF-o-induced MH7A cells. As
shown in Figure 8A, TNF-o stimulation significantly
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Table 3 GO Enrichment Analysis Results of Overlapping Genes (OGs)
GO | ID Description Gene ID Count
BP GO:0032496 | Response to lipopolysaccharide TNF/PDE4D/NFKBIA/NFKB [ IMAPK8/JUND/JUN/JAK2/IL6/IL1B/IL| ORA/EDNRB/CXCL8/ 22
COMTICNR1/CD86/CD 1 4/CCL5/CASP9/CASP3/CASPI/ABLI
BP GO:0002237 | Response to molecule of bacterial origin TNF/PDE4D/NFKBIA/NFKB [ IMAPK8/JUND/JUN/JAK2/IL6/IL1B/ILI ORA/EDNRB/CXCL8/ 22
COMTICNR1/CD86/CD 14/CCL5/CASP9/CASP3/CASPI/ABLI
BP GO:0001819 | Positive regulation of cytokine production TNF/SYK/STAT I /PTPRC/IPDE4D/NFKB 1 [JAK2/IL7/IL6/ILIRI/ILIB/LI 7A/NLI5/HSPB1/ 24
DDIT3/CSFIR/ICD86/CD40/CD 1 4/CASP1/BIRC3/ATF4/APP/ABLI
BP GO:0070661 | Leukocyte proliferation SYK/RPS6/PTPRC/IIMPDH2/IL7/IL6/ILIB/ILI5/CSFIR/CDKNIA/CD86/CD40/CCL5/CASP3/ 18
BCL2/BAX/ATMIABLI
BP GO:0046651 | Lymphocyte proliferation SYK/RPS6/PTPRC/IMPDH2/IL7/IL6/ILIB/ILI5/CDKN |A/CD86/CD40/CCL5/CASP3/BCL2/ 17
BAX/ATMIABLI
BP GO:0032943 | Mononuclear cell proliferation SYK/RPS6/PTPRC/IMPDH2/IL7/IL6/ILIB/ILI5/CDKN IA/CD86/CD40/CCL5/CASP3/BCL2/ 17
BAX/ATMIABLI
BP GO:0071216 | Cellular response to biotic stimulus TNF/SYKIPDE4D/INFKBIA/NFKB | /IMAPK8/IL6/IL1B/EDNRB/DDIT3/CXCL8/CD86/CD |4/ 16
CCL5/CASPI/ABLI
BP GO:1901216 | Positive regulation of neuron death TNF/PARP I [JUN/ITGB2/FOXO3/DDIT3/CASP9/CASP3/BAXIATMIATF4/ABLI 12
BP GO:0048871 | Multicellular organismal homeostasis TNF/THRA/SYK/PRKACB/JAK2/IL7/IL6/ILIB/IL15/IGF | RIHSPB | /EGFR/IEDNRB/DDIT3/ 20
CTSH/CSFIRICNR1/BCL2/BAXIATF4
BP GO:0150076 | Neuroinflammatory response TNF/PTPRC/IMMP3/JUN/JAK2/ITGB2/ILé/IL | BIEGFRIATM/APP I
CcC GO:0045121 | Membrane raft TNF/SLC6A3/PTPRC/JAK2/ITGB2/IKBKB/EGFR/EDNRB/CNR I /CD 1 4/CASP3/BIRC3/APP 13
cC GO:0098857 | Membrane microdomain TNF/SLC6A3/PTPRC/JAK2/ITGB2/IKBKB/EGFR/EDNRB/CNR 1 /CD 1 4/CASP3/BIRC3/APP 13
CcC GO:0098589 | Membrane region TNF/SLC6A3/PTPRC/JAK2/ITGB2/IKBKB/EGFR/IEDNRB/CNR I /CD 1 4/CASP3/BIRC3/APP 13
CcC GO:0009897 | External side of plasma membrane TNF/TGFBR3/PTPRC/ITGB2/ILIRI/ILI 7AJECEI/CD86/CD40/CD | 4 10
CcC GO:0005635 | Nuclear envelope PDE4D/PARP | /PAK | [EGFR/IEDNRB/BCL2/BAX/APPIALOX5/ABL [ 10
CC | GO:0098802 | Plasma membrane receptor complex SYK/ITGB2/ITGAL/ITGA7/IL6/IKBKB/IGF I R/ICD40 8
CcC GO:0043025 | Neuronal cell body SRD5A1/SLC6A3/PPP5C/PPP 1 CAIHSP90AA | IHDACI/CASP3/APP/ABLI 9
CcC GO:0031965 | Nuclear membrane PDE4D/PAK | [EGFR/IEDNRB/BCL2/ALOX5/ABLI 7
CcC GO:0008305 | Integrin complex ITGB2/ITGAL/IITGA7 3
cC GO:0031904 | Endosome lumen JAK2/CTSHIAPP 3
MF GO:0005126 | Cytokine receptor binding TNFSF10/TNF/TGFBR3/SYK/STAT I [JAK2/IL7/IL6/ILIB/IL15/CXCL8/CCL5/CASP3 13
MF GO:0042562 | Hormone binding THRA/IGF I RIEGFR/IEDNRB/ECE | ICTSH/IAR 7
MF GO:0005125 | Cytokine activity TNFSFIO/TNFIIL7/IL6/ILIB/ILI 7A/IL1 5/CXCL8/CCLS 9
MF GO:0044389 | Ubiquitin-like protein ligase binding STAT | /PRKACB/NFKBIA/JUN/HSP90AA | I[EIF4E2/EGFR/CDKN | A/CD40/BCL2 10
MF GO:0031625 | Ubiquitin protein ligase binding PRKACB/NFKBIA/JUN/HSP90AA | /EIF4E2/EGFR/CDKN | A/CD40/BCL2 9
MF GO:0019902 | Phosphatase binding SYK/STAT | /SLC6A3/PPP 1 CA/EGFR/CSFIR/BCL2 7
MF GO:0001228 | DNA-binding transcription activator STAT | /PARP|INFKB | IMYC/JUND/JUN/FOXO3/DDIT3/ATF4/AR 10
activity, RNA polymerase lI-specific
MF GO:0004713 | Protein tyrosine kinase activity SYK/JAK2/IGF I RIEGFR/CSF I RIABLI 6
MF GO:0070851 | Growth factor receptor binding JAK2/IL7/L6/ILIRI/ILI BIAPP 6
(Continued)
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Table 3 (Continued).

GO | ID Description Gene ID

Count

MF GO:0097153 | Cysteine-type endopeptidase activity

involved in apoptotic process

CASP9/CASP3/CASPI

upregulated the expression of IL-6, IL-1, MMP-1, MMP-
2, MMP-3, and CCL5 in MH7A cells, but the upregulation
was reversed after GSZD treatment. Interestingly, GSZD
can dose-dependently reduce the expression of these
inflammatory factors and chemokines.

Furthermore, the expressions of JAK2 and STAT3 in
MH7A cells was analyzed by Western blot, and it was
found that TNF-a could increase the JAK2 and STAT3
in MH7A cells (Figure 8B). Fortunately, GSZD treat-
ment can reverse this expression abnormality. Although
the effect of GSZD on JAK2 expression does not
appear to be a dose-dependent inhibition, each dose
of GSZD significantly inhibited JAK2 expression. In
conclusion, the above results indicate that inhibition
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Proapoptosis is Another Crucial Way for
GSZD to Treat RA

As shown in Figure 9A, compared with normal cells, using
GSZD intervention after 24 h, the green fluorescence of
MH7A cells increased significantly, suggesting AY loss in
cells. At the same time, the promotion effect of GSZD was
dose-dependent, indicating that GSZD could dose-dependent
ly induce MOMP decline in MH7A cells. Subsequently, flow
cytometry was used to detect the apoptosis of cells after
GSZD intervention. As shown in Figure 9B, GSZD can
induce the apoptosis of MH7A cells in a dose-dependent
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Table 4 KEGG Enrichment Analysis Results of Overlapping Genes (OGs)
ID Description Gene ID Count
hsa04210 | Apoptosis TNFSFIO/TNF/PARP | INFKBIA/NFKB | IMAPK8/JUN/IKBKB/GADD45B/DDIT3/CTSH/CASP9/CASP3/BIRC3/ 18
BCL2/BAXIATMIATF4
hsa04657 | IL-17 signaling pathway TNF/NFKBIA/NFKB 1 /MMP3/MMP [ IMAPK8/JUND/JUNI/IL6/IL1B/ILI 7A/IKBKB/HSP9OAA I /CXCL8/CASP3 15
hsa04010 | MAPK signaling pathway TNF/PRKACB/PPP5C/PAK | INFKB I IMYCIMAPK8/JUND/JUN/ILIRI/ILIB/IKBKB/IGFIR/HSPBI/GADD45B/ 22
EGFR/DUSP/DDIT3/CSFIR/CD 1 4/CASP3/ATF4
hsa04064 | NF-kB signaling pathway TNFI/SYK/PARP | INFKBIA/INFKBI/ILIRI/IL1B/IKBKB/GADD45B/CXCL8/CD40/CD | 4/BIRC3/BCL2/ATM 15
hsa05161 | Hepatitis B TNFISTAT | INFKBIAINFKB | IMYCIMAPK8/JUN/JAK2/IL6/IKBKB/CXCL8/CDKN | AICASP9/CASP3/BCL2/BAX/ 17
ATF4
hsa05323 | Rheumatoid arthritis TNF/IMMP3/MMP [ [JUN/ITGB2/ITGAL/IL6/ILIB/ILI 7A/IL1 5/CXCL8ICD86/CCL5/ATP6V I D 14
hsa04933 | AGE-RAGE signaling pathway in TNF/STAT | IPIM [ INFKB | IMMP2/MAPK8/JUN/JAK2/IL6/IL| BICXCL8/CASP3/BCL2/BAX 14
diabetic complications
hsa04620 | Toll-like receptor signaling pathway TNF/STAT | INFKBIA/INFKB | IMAPK8/JUN/IL6/IL 1 B/IKBKB/CXCL8/CD86/CD40/CD 1 4/CCL5 14
hsa05166 | Human T cell leukemia virus | TNF/PRKACB/NFKBIA/NFKB I IMYCIMAPK8/JUN/ITGB2/ITGAL/IL6/ILIR I /IL15/IKBKB/CDKN I A/ICD40/BAX/ 18
infection ATMI/ATF4
hsa05167 | Kaposi sarcoma-associated SYK/STAT | INFKBIA/NFKB | IMYCIMAPK8/JUN/JAK2/IRF9/IL6/IKBKB/CXCL8/CDKN | A/ICD86/CASP9/CASP3/ 17
herpesvirus infection BAXSTAT
hsa04668 | TNF signaling pathway TNF/INFKBIAINFKB 1 IMMP3/MAPK8/JUN/IL6/ILIB/ILI 5/IKBKB/CCL5/CASP3/BIRC3/ATF4 14
hsa05145 | Toxoplasmosis TNF/STAT | INFKBIA/NFKB | IMAPK8/JAK2/IL | ORA/IKBKB/CD40/CASP9/CASP3/BIRC3/BCL2/ALOX5 14
hsa05130 | Pathogenic Escherichia coli infection TNFSF10/TNF/PAK | INFKBIA/NFKB | IMAPK8/JUNI/IL6/ILIR I /IL1 B/IKBKB/CXCL8/CASP9/CASP3/CASPI/ 17
BAXJ/ABLI
hsa05202 | Transcriptional misregulation in cancer | NFKBI/MYCIMMP3/IL6/IGFIR/HDACI/GADD45B/DDIT3/CXCL8/CSFIR/ICDKNIA/CD86/CD40/CD 14/ 17
BIRC3/BAXIATM
hsa05163 | Human cytomegalovirus infection TNF/PRKACB/NFKBIA/NFKB I IMYC/IL6/ILIR I /ILI1B/IL1 ORA/IKBKB/EGFR/ICXCL8/CDKN I AICCL5/CASP9/ 18
CASP3/BAXIATF4
hsa05134 | Legionellosis TNF/NFKBIA/NFKB I /ITGB2/IL6/ILI B/ICXCL8/CD | 4/CASP9/CASP3/CASPI I
hsa05164 | Influenza A TNFSFIO/TNF/STAT | INFKBIAINFKB | [JAK2/IRF9/IL6/IL 1 B/IKBKB/CXCL8/CCL5/CASP9/CASP3/CASPI/BAX 16
hsa04621 | NOD-like receptor signaling pathway TNFISTAT | INFKBIAINFKB | IMAPK8/JUN/IRF9/IL6/IL | B/IKBKB/HSP90AA | /ICXCL8/CCL5/CASPI/BIRC3/BCL2 16
hsa04625 | C-type lectin receptor signaling TNFISYK/STAT | IPAK | INFKBIA/NFKB | IMAPK8/JUNI/IRF9/IL6/IL | B/IKBKB/CASP I 13
pathway
hsa05120 | Epithelial cell signaling in Helicobacter PAK | INFKBIA/NFKB | IMAPK8/JUN/IKBKB/EGFR/CXCL8/CCL5/CASP3/ATP6V D I
pylori infection

manner. Further studies showed that GSZD could affect the
expression of apoptosis-related proteins. Briefly, GSZD can
induce MMOP loss in MH7A cells and lead to apoptosis by
upregulating the expressions of BAX, C-caspase-3 and
C-caspase-9 and downregulating the expression of Bcl-2
(Figure 10A). In addition, GSZD of 0.4 mg/mL and
0.8 mg/mL can increase the expression of p-JINK1/2 without
changing the expression of prototype JNK1/2. Although high
dose of GSZD can also increase the expression of prototype

JNK1/2, it has a significant promoting effect on the expres-
sion of P-JNK1/2 (Figure 10B).

Discussion

Guizhi-Shaoyao-Zhimu decoction (GSZD) is a classic pre-
scription first recorded in the “Synopsis of the Golden
Chamber” and usually used to treat “arthromyodynia”,
such as RA, osteoarthritis, gout, etc.? In previous works,
it is reported that GSZD can effectively treat RA in vivo

Journal of Inflammation Research 2021:14

submit your manuscript

229

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

Figure 6 Network analysis of targets and active compounds. The data pairs of active compounds and disease target genes were input into Cytoscape software to construct

the drug-target network diagram (DTN).

and in vitro, and the research also revealed that GSZD can
affect a lot of cytokines, genes and proteins. >’ >
However, these works only supplied scattered evidence
for the mechanisms of this TCM formula. In this paper,
our object is to systematically study the overall mechanism
of GSZD using integrated approach of bioinformatic ana-
lysis combined with experimental verification.

In our present study, we systemically analyzed the che-
mical compositions of GSZD using the HPLC-QTOF-MS
/MS assay, which is a comprehensively used way for com-
ponent analysis of drugs. In the results, 19 constituents were
identified, including six triterpenoid saponins and steroidal
saponins, four flavonoids, two diterpenes, two phenylpro-
panoids, three organic acid and two alkaloids. Subsequently,
we investigated the antiproliferative activities of these 19
compounds on MH7A cells, and found that 11 of them had
potential antiproliferative activities on MH7A cells with the
ICs¢ values less than 100 pg/mL. Currently, the online

target prediction databases, such as PharmMapper and
SwissTarget, become useful tools for investigating the
action targets of candidate drugs. The PharmMapper web
server could be applied to identify the potential drug targets
of candidate drugs via reversed pharmacophore matching,
and similarly, the SwissTarget Prediction is an online tool
could be used to predict the possible protein targets of
candidate drugs based on similarity principle via reverse
screening.’*® Then, we imported the chemical structures of
the 11 compounds of GSZD into the online target prediction
database to predict the potential targets via PharmMapper
and SwissTarget Prediction (GSZD compounds target
library). Furthermore, the GEO, an open public data plat-
form for the acquisition of various high-throughput experi-
mental data, is also a useful online tool for screening the
DEGs between normal people and patients, and these DEGs
might be the potential targets for disease therapies.’
Therefore, we downloaded the microarray data sets of
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Table 5 Network Topology Parameters of Active Compounds in
GSZD

Name | Degree | Average Betweenness | Closeness

Shortest Centrality Centrality

Path

Length
GZ-19 | 26 2.333333 0.219068 0.428571
GZ-3 25 2.354839 0.18634 0.424658
GZ-9 24 2.376344 0.193014 0.420814
GZ-8 20 2.462366 0.135117 0.406114
GZ-11 | 19 2.483871 0.133423 0.402597
GzZ-16 | 17 2.526882 0.109816 0.395745
GZ-14 | 16 2.548387 0.123297 0.392405
GZ-18 | 14 2.591398 0.09241 0.385892
Gz-7 14 2.591398 0.103755 0.385892
GZ-13 2.806452 0.071367 0.356322
GZ-6 2.784946 0.094526 0.359073

GSES55457, GSE1919, GSE55235 from the GEO database
to construct the DEGs and collected the reported cytokines,
genes and proteins that could be affected by GSZD from
previous literature; then we combined these targets as the
RA target library. Subsequently, as shown in Figure 3, we
analyzed the overlapped targets as the possible targets of
GSZD for treating RA.

KEGG (http://www.kegg.jp/) and GO (http://geneontol

ogy.org/) are two useful online web tools for analysis of
the molecular mechanisms and signaling pathways of drug
therapies.’”*° Combined with KEGG and GO assays, our
results revealed that most of the pathways enriched with
GSZD’s potential targets were closely related to inflamma-
tion and apoptosis, suggesting that inflammation control

1.6 mg/mL

and apoptosis regulation may be the main approaches for
GSZD to treat RA. Interestingly, the present results are in
accord with the scattered evidence in previous research. In
addition, based on the results of PPI network analysis, the
top hub genes were selected according to node degree,
which were also closely related to inflammation and
apoptosis.

Consequently, we carried out further actual in vitro experi-
ments based on MH7A cells to confirm the virtual bioinfor-
matic analysis. Subsequently, we determined the mRNA
expression levels of cytokines and mediums (IL-6, IL-1,
MMP-1, MMP-2, MMP-1 and CCL-5) related to inflammation
in TNF-a stimulated MH7A, and the results turned out that
GSZD could significantly reduce the levels of these cytokines/
mediums. Current evidence from the literature indicates that
the JAK/STAT signaling pathway is involved in inflammatory
responses in a non-negligible capacity, and JAK inhibitors are
also considered as potential drugs for RA treatment.*'** Our
current study found that GSZD significantly inhibited the
expression of JAK2 and STAT3, suggesting that the anti-
inflammatory effect of GSZD is related to the regulation of
the JAK/STAT pathway. Furthermore, it is generally recog-
nized that the nuclear transcription of NF-kB contributes sig-
nificantly to the development of inflammatory responses.
Interestingly, the present study also suggested that GSZD sig-
nificantly reduced the nuclear transcription of NF-kB in cells.

Mitochondrial function is important for the survival
of cells, and the decrecased mitochondrial membrane
potential (MMOP, AY) could induce the apoptosis of
cells.**** In addition, the flow cytometry analysis with
fluorescent double staining is another important way for

0.4 mg/mL

Figure 7 Effect GSZD on nuclear transcription of NF-kB. Cell morphology was determined by DAPI (blue) and antibody of NF-kB pé5 (Red) under a laser confocal

microscope (200%). The arrows represented the NF-kB in cell nucleus.
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Figure 8 Effects of GSZD on the inflammation related genes (A) and proteins (B) in TNF-a stimulated MH7A cells. Data were expressed as mean +SD (n=3), *p<0.01, vs

control.

determining the apoptosis in cells.*> The results of this
study showed that GSZD could reduce the MOMP in
MH7A cells, and increase the level of apoptosis.
Furthermore, our results also revealed that GSZD
increased the expression level of proapoptotic proteins
(Bax, caspase-3 and -9), while it reduced the expression
level of anti-apoptotic proteins (Bcl-2). In addition, the
MAPK pathway is closely related to the apoptosis of
synovial cells of joints, and many drugs can promote the
apoptosis of synovial cells of RA by regulating the
MAPK pathway to play a role in the treatment of
RA." MAPKs mainly include extracellular regulated
protein kinases (ERK), P38 and C-Jun N-terminal kinase
(JNK). Studies have shown that JNK is the main

of the MAPK pathway involved in

apoptosis.*® As is well-known, JNK1/2 is an evolutio-

executor

narily conserved serine and threonine protein kinase,
and only the activated JNK1/2 can play a role in pro-
moting cell apoptosis. Therefore, we investigated the
effect of GSZD on the expression of JNK1/2 and phos-
phorylated JNK1/2 (p-JNK1/2) in synovial cells. The
results showed that except for the high dose of GSZD
(1.6 mg/mL), the expression of prototype JNKI1/2 was
promoted to a certain extent, and other doses of GSZD
could not change the expression of JNK1/2 in MH7A
cells. On the contrary, it was significantly observed that
the expression of p-JNK1/2 was increased by different
doses of GSZD. Taken together, the in vitro cell
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Figure 9 Effect GSZD on the membrane potential and apoptosis of the TNF-a induced MH7A cells. (A) After GSZD intervention, the mitochondrial membrane potential
(MOMP, A¥m) change, the green fluorescence indicates that the MOMP of cell is at a normal level, while red fluorescence indicates that the MOMP of cell is decreased.
A¥m was measured using a MOMP detection kit (JC-1) and observed using a laser confocal microscopy (100x), (B) Apoptosis was measured using flow cytometry staining
with annexin V-FITC/PI. Data were expressed as mean +SD (n=3), *»<0.01, vs normal group.
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Figure 10 Effects of GSZD on apoptosis related proteins. (A) Proteins expressions of Bcl-2, Bax, cleaved (C)-caspase-3, and cleaved (C)-caspase-9 by Western blot assay.
(B) Protein expressions of JNK and phosphorylation (P) of JNK by Western blot assay. Data were expressed as mean +SD (n=3), *p<0.01, vs normal group.

experimental results confirmed the bioinformatic analy-
sis above.

In conclusion, induction of apoptosis and suppression of
inflammatory reactions in synovial fibroblasts are two impor-
tant ways for GSZD to treat RA, and the integrated approach
based on bioinformatic analysis combined with experimental
verification is a feasible way for exploration of the drug targets
and pharmacological mechanisms of TCMs and its formulas.
However, there are also some limitations in our present study
due to the limited time and funds. In the subsequent investiga-
tions, more work should be devoted to study the activities and
molecular mechanisms of the screened potential active com-
ponents in the Guizhi-Shaoyao-Zhimu decoction.
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