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Background. +e incidence of gout has been rapidly increasing in recent years with the changing of diet. At present, modern
medications used in the clinical treatment of gout showed several side effects, such as gastrointestinal damage and the increased
risk of cardiovascular disease. +e traditional Chinese prescription Simiao Powder (SMP) has a long history in the treatment of
acute gouty arthritis (AGA) and has a good curative effect. However, the mechanism and target of its therapeutic effects are still
not completely understood.Methods. Potential active compounds (PACs) and targets of SMP were found in the TCMSP database,
and the disease target genes related to AGA were obtained by searching CTD, DisGeNET, DrugBank, GeneCards, TTD, OMIM,
and PharmGKB disease databases with “acute gouty arthritis” and “Arthritis, Gouty” as keywords, respectively. +e network of
“Traditional Chinese medicine (TCM)-PACs-potential targets of acute gouty arthritis” was constructed with the Cytoscape 3.7.2
software, and the target genes of acute gouty arthritis were intersected with genes regulated by active compounds of SMP. +e
resultant common gene targets were input into Cytoscape 3.7.2 software, and the BisoGenet plug-in was used to construct a PPI
network. +e GO functional enrichment analysis and KEGG pathway enrichment analysis of the intersecting target proteins were
performed using R software and corresponding program packages. +e molecular docking verification was carried out between
the potentially active compounds of SMP and the core target at the same time. Results. 40 active components and 203 targets were
identified, of which 95 targets were common targets for the drugs and diseases. GO function enrichment analysis revealed that
SMP regulated several biological processes, such as response to lipopolysaccharide and oxidative stress, RNA polymerase II
transcription regulator complex, protein kinase complex, and other cellular and molecular processes, including DNA-binding
transcription factor binding. Results of KEGG pathway analysis showed that SMPwas associated with AGA-related pathways such
as interleukin-17 (IL-17), tumor necrosis factor (TNF), p53, and hypoxia-inducible factor 1 (HIF-1) signaling pathways. +e
results of molecular docking showed that active compounds in SMP exhibited strong binding to five core protein receptors (TP53,
FN1, ESR1, CDK2, and HSPA5). Conclusions. Active components of SMP, such as quercetin, kaempferol, wogonin, baicalein,
beta-sitosterol, and rutaecarpine, showed therapeutic effects on AGA.+ese compounds were strongly associated with core target
proteins (such as TP53, FN1, ESR1, CDK2, and HSPA5). +is study reveals that IL-17, TNF, p53, and HIF-1 signaling pathways
mediate the therapeutic effects of SMP on AGA. +ese findings expand our understanding of the mechanism of SMP in the
treatment of AGA.
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1. Introduction

Gouty arthritis (GA) is characterized by acute onset of single
joint redness, swelling, heat, and pain at night or in the
morning. +e pain progressively worsens, and in severe
cases, patients often suffer from cutting pain, which often
reaches a peak within 24 hours [1]. +e number of gout
patients has increased drastically due to dietary changes and
high intake of high-purine foods and beer [2]. According to
the gout epidemic survey in Hong Kong, the prevalence of
gout increased from 1.56% in 2006 to −2.92% in 2016 [3]. In
the United States, the prevalence of gout was about 3.9% in
2016, with an estimated 9.2 million gout patients [4]. Acute
gouty arthritis (AGA) is the first symptom of gout. Severe
pain can reduce the quality of life of patients. Recurrent
acute arthritis can destroy joints and damage internal organs
[5]. Gout treatment guidelines issued in 2012 by the
American College of Rheumatology (ACR) recommend
nonsteroidal anti-inflammatory drugs (NSAIDs) or oral
colchicine for acute attacks of gout [6]. It has been reported
that NSAIDs are harmful to the gastrointestinal tract, liver,
and kidney, central nervous system, etc. [7]. Colchicine is an
anti-inflammatory drug commonly used in the treatment of
acute gout. However, when taken in large doses, it easily
causes gastrointestinal tract discomfort, liver and kidney
damage, or heart disease. Meanwhile, it may lead to poi-
soning in elderly patients [8]. +erefore, safer and more
effective drugs for the treatment of AGA are urgently
needed.

Simiao Powder (SMP) is a well-known prescription used
in ancient China for the treatment of joint pain [9]. +is
prescription originated from Chengfang Biandu in the Qing
Dynasty (1904 A.D.). SMP is composed of Rhizoma Atrac-
tylodis (Cang Zhu), Cortex Phellodendri (Huang Bo), Radix
Vladimiriae (Niu Xi), and Semen Coicis (Yi Yi Ren), and it
could clear heat, dry dampness, and promote blood circu-
lation to invigorate the tendons. In the gouty arthritis model,
Lin et al. revealed that SMP treatment could effectively relieve
joint symptoms and improve laboratory indexes (e.g., serum
uric acid content or inflammatory cytokines IL-1b, IL-9, IFN-
g, and so on). Moreover, the anti-inflammatory effect of SMP
was stronger than febuxostat [10]. A systematic review and
meta-analysis demonstrated that SMP possesses anti-in-
flammatory, analgesic, and uric acid-lowering effects and
hence can treat AGA. Jiawei reported that SMP is superior to
other anti-inflammatory drugs or combined uric acid-low-
ering drugs. Compared to modern medications, SMP is as-
sociated with fewer adverse events [11]. However, the
mechanism and the therapeutic target of SMP in the man-
agement of AGA are vague and are the main limiting factors
for its widespread clinical application [11].

+e entire human body is a complex network, and the
occurrence and progression of a disease are the results of the
comprehensive action of multiple factors. Single-targeted
therapy cannot meet the needs of multitarget and multi-
pathway treatment of diseases. +e network pharmacology
concept put forward by Hopkins in 2007 [12] provides a

“multiway” and “multitarget” approach to drug analysis. It is
similar to the thoughts of TCM compound prescription, as
well as the characteristics of the overall TCM compatibility
and comprehensive and multipathway treatment of diseases.

+e present study employed network pharmacology and
molecular docking techniques to establish the active com-
ponents of SMP in AGA treatment and predicted the po-
tential target and drug action pathways of SMP. Collectively,
we aimed to explore the potential mechanism of action of
SMP and provide a reference for pharmacological research
and clinical application of this prescription.+e specific flow
chart is shown in Figure 1.

2. Methods

2.1. Screening of Drug Components and SMP Targets.
Rhizoma Atractylodis (Cang Zhu), Cortex Phellodendri
(Huang Bo), Radix Vladimiriae (Niu Xi), and Semen Coicis
(Yi Yi Ren), SMP components, were acquired from the
traditional Chinese medicine systems pharmacology data-
base and analysis platform (TCMSP, http://tcmspw.com/
tcmsp.php), capturing all the potential active components of
drugs in SMP. We screened the active compounds in SMP
following the standards of oral bioavailability (OB) ≥30%
and drug-likeness (DL) ≥0.18. +en, a search was under-
taken for corresponding targets of active compounds on the
TCMSP platform.+e identified drug targets were input into
the UniProt database (https://www.uniprot.org/). To obtain
the abbreviation of the human gene for each target, we set
the protein type as “Homo sapiens.”

2.2. Search and Screening of AGA-Related Genes. +e search
for target genes related to AGAwas achieved using the terms
“acute gouty arthritis” and “Arthritis, Gouty” in the Human
Gene Database (GeneCards, https://www.genecards.org/),
Online Mendelian Inheritance in Man (OMIM, https://
www.omim.org/), the Pharmacogenomics Knowledge Base
database (PharmGKB, https://www.pharmgkb.org/), Drug-
Bank database (https://www.drugbank.ca/), DisGeNET da-
tabase (https://www.disgenet.org/), the +erapeutic Target
Database (TTD, http://db.idrblab.net/ttd/), and Compara-
tive Toxicogenomics Database (CTD, http://ctdbase.org/).
+e results of the above databases were integrated to obtain
the target genes of AGA after deleting the repeated genes.

2.3. Potential SMP Targets in the Treatment of AGA. We
intersected the targets regulated by active compounds in
SMP with the disease target genes of AGA. After that,
common targets were obtained. +e R 4.0.2 software and its
Venn diagram package were employed to generate a Venn
diagram of the SMP-AGA-related target.

2.4. Network Construction of Potential Active Compound-
Potential Target. +e potential targets and active com-
pounds corresponding to the potential targets of SMP in
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AGA treatment were introduced into Cytoscape 3.7.2
software. +en, we constructed the network of “TCM-active
compound-potential targets” and conducted the visualiza-
tion display.

2.5. Construction of the Protein-Protein Interaction (PPI)
Network and Screening of Core Targets. +e intersection
target was imported into Cytoscape 3.7.2 software. +e PPI
network was constructed via its plug-in BisoGenet with the
following data sources: DIP, BIOGRID, HPRD, BIND,
MINT, and INTACT. +e plug-in CytoNCA was employed
for topology analysis. +en, the degree centrality (DC)
betweenness centrality (BC) of each node was calculated. A
larger DC and BC of the node at the protein location implied
that the protein was more important in the constructed PPI
network [13]. Because we screened out various important
target proteins, other protein interaction parameters, such as
closeness centrality (CC) and eigenvector centrality (EC),
were further applied to screen core target proteins.

2.6.GeneOntology (GO)FunctionalEnrichmentandtheKyoto
Encyclopedia of Genes and Genomes (KEGG) Pathway En-
richment Analyses. +e ID of the intersection target was

obtained using R4.2.0 software and its “org.Hs.eg.db”
package. +en, the “clusterProfiler” and other program
packages were adopted for GO functional enrichment
analysis of the target. A histogram was constructed after
screening out the first 10 functional categories of biological
process (BP), cellular component (CC), and molecular
function (MF). +e target proteins were subjected to the
KEGG enrichment analysis, whereby the first 30 KEGG
pathways were selected to construct the histogram. Infor-
mation of the first 20 KEGG pathways was introduced into
Cytoscape 3.7.2 to draw the KEGG pathway-gene network
map. After that, we selected a signal pathway closely related
to GA for visual display.

2.7. SMP Potential Active Compounds and Protein Molecular
Docking. +e 2D structure of the potential compound was
retrieved from PubChem (https://pubchem.ncbi.nlm.nih.
gov/). For small molecules, their energy was minimized
using ChemBio3D 2014 software. +e 2D structure was
converted into a 3D structure. We downloaded the 3D
structure of the core target protein from the Protein Data
Bank (PDB) database (http://www.rcsb.org). Using the
Pymol software, the target protein receptor molecules
were processed, including dehydration and removal of
ligand small molecules. +e target protein receptor
molecule was hydrogenated using Autodock Tools 4.2.6
software. +e center coordinate and size of the box were
set based on the position of the active site of the protein
molecule and the area where it potentially acted on the
ligand small molecule. Molecular docking was achieved
using AutoDock Vina, whereby lower binding energy
depicted a better affinity between the receptor and the
ligand. +e binding energy ≤0 kcal/mol indicated that the
compound could bind and interact with the target,
whereas the binding energy <−5 kcal/mol demonstrated a
very strong binding force. +e docking results with the
best binding force between each core target protein and
active compound were simultaneously presented in 2D
images and 3D structures.

3. Results

3.1. Target Screening of SMP and AGA. In total, 403 com-
pounds of SMP were obtained from the TCMSP database,
including 49 from Rhizoma Atractylodis (Cang Zhu), 140
from Cortex Phellodendri (Huang Bo), 176 from Radix
Vladimiriae (Niu Xi), and 38 from Semen Coicis (Yi Yi Ren).
Besides, 52 active compounds were screened according to
OB≥ 30% and DL≥ 0.18, including 4 from Rhizoma
Atractylodis (Cang Zhu), 25 from Cortex Phellodendri
(Huang Bo), 17 from Radix Vladimiriae (Niu Xi), and 6 from
Semen Coicis (Yi Yi Ren). After eliminating repeated active
compounds, 40 active compounds were obtained. From the
TCMSP platform, 916 targets of the 40 active compounds
were obtained, including 60 from Rhizoma Atractylodis
(Cang Zhu), 430 from Cortex Phellodendri (Huang Bo), 384
from Radix Vladimiriae (Niu Xi), and 42 from Semen Coicis
(Yi Yi Ren). After eliminating repeated targets, 203 targets

Network of drug-PAC-potential target of AGA

Protein-protein interaction networks of the Simiao Powder

GO and KEGG enrichment analysis
network of KEGG signaling pathway-gene

compound-related targets
Active compounds and Targets related to AGA

CTD,
DisGeNET,
DrugBank,
GeneCards,

TTD, OMIM,
PharmGKB 

arthritis
Acute gouty

TCMSP
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Figure 1: Flow diagram of the study.
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and their abbreviations were obtained. Information of active
compounds and the number of action targets of TCM in
SMP are outlined in Table 1.+rough a search in GeneCards,
OMIM, PharmGKB, DrugBank, DisGeNET, TTD, and CTD
databases, 1,204 target genes associated with AGA were
obtained (Figure 2).

3.2. PotentialTargets andCorrespondingActiveCompounds of
SMP in the Treatment of AGA. +e drug-disease intersection
target (the potential target of SMP in AGA treatment) was
obtained by intersecting the 203 drug targets with 1204
disease targets using R software, with 95 potential targets
(Figure 3). Notably, 33 active compounds corresponded to
the 95 potential targets. +ey were the active compounds of
SMP in AGA treatment.

3.3. Construction of TCM-PACs-Potential Target of AGA
Network. We drew and analyzed the potential targets of
SMP in the treatment of AGA using Cytoscape 3.7.2 network
drawing software. +en, a PAC-potential target network
diagram of SMP for AGA treatment was constructed
(Figure 4). +e network diagram comprised 133 nodes
(including 95 target genes, 33 drug active components, 4
TCM, and 1 disease name) and 250 edges. We further
calculated the degree of the compound in the figure. No-
tably, a higher degree implied that the compound played a
more critical role in the network. +e top six active com-
pounds included MOL000098-quercetin, MOL000422-
kaempferol, MOL000173-wogonin, MOL002714-baicalein,
MOL000358beta-sitosterol, and MOL002662-rutaecarpine,
with 79, 30, 21, 18, 12, and 7 as the corresponding target
numbers, respectively.

3.4. Construction of PPI Network, Topological Analysis, and
Determination of Core Targets. After obtaining the potential
target genes, they were imported into Cytoscape 3.7.2
software. We then drew the PPI network diagram using the
Bisogent plug-in and obtained 5,264 nodes and 133,011
connections (Figure 5(a)). For the first topology analysis,
DC≥ 74 and 982 nodes and 43,726 connections were ob-
tained (Figure 5(b)). +e second topology analysis was
conducted with BC≥ 925.611 (average), CC≥ 0.581 (aver-
age), and EC≥ 0.096 (average) to identify the crucial target
genes; eventually, 54 nodes and 829 lines were obtained.
Target proteins with the top five degree values were selected
as the core target proteins in the protein network
(Figure 5(c)), where TP53 protein, FN1 protein, ESR1
protein, CDK2 protein, and HSPA5 protein corresponded to
946 edges, 781 edges, 1,762 edges, 687 edges, and 445 edges,
respectively.

3.5. GO Functional Enrichment and KEGG Pathway En-
richment Analyses. For GO analysis, BP, CC, and MF were
included, and 1,938 items were obtained via BP enrichment
analysis (including response to lipopolysaccharide, oxidative
stress, reactive oxygen species (ROS), etc.); 36 items via CC
enrichment analysis (including RNA polymerase II

transcription regulator complex, protein kinase complex,
and membrane raft); 145 items via MF enrichment analysis
(including DNA-binding transcription factor binding, heme
binding, and RNA polymerase II-specific DNA-binding
transcription factor binding). To draw the GO function
histogram of SMP in AGA treatment, we selected the top 10
BP, CC, and MF results at P< 0.05 (Figure 6).

To further elucidate the pathways regulated by the
therapeutic target genes, we did a KEGG pathway analysis.
Results revealed that these target genes were distributed in
155 pathways. To construct a histogram, the pathways with
the top 30 enriched genes were selected (Figure 7). GA-
related pathways were mainly associated with IL-17, TNF,
p53, and HIF-1 signaling pathways. We also analyzed the
association of the top 20 pathways with their corresponding
target genes by constructing a KEGG pathway-gene network
diagram (Figure 8). +ere were 83 nodes (including 20
pathways and 63 target genes) and 403 lines. Based on the
number of regulatory pathways, the top five genes were
RELA, TP53, MAPK1, IKBKB, and CHUK with 16, 15, 15,
15, and 15 regulatory pathways, respectively. A strong re-
lationship existed between GA and inflammation (the IL-17
pathway is closely related to inflammation). +erefore, we
constructed a diagram to demonstrate the association of the
regulatory target of SMP with the IL-17 pathway (Figure 9).

3.6. Molecular Docking. Using the AutoDock Vina software,
PACs in the network map of “TCM-PAC-potential targets of
AGA” were docked with five core target proteins (TP53, FN1,
ESR1, CDK2, and HSPA5) in PPI. A higher binding activity
between the compound and the target protein receptor implied
lower binding energy. Results demonstrated that the docking of
33 active compounds with the 5 core target protein receptors
was less than 0kcal/mol (a majority was less than −5kcal/mol)
(Table 2).+emolecular docking results of the compounds with
the highest binding energy corresponding to the five targets are
displayed in 2D images and 3D structures (Figure 10).

4. Discussion

+e repeated attacks and protracted course of acute gouty
arthritis can lead to joint swelling, deformity, and de-
struction of bone and joint cartilage. Tophi can be formed in
many parts of the body, and it could seriously invade joints,
kidneys, and even aorta and heart valves in severe cases
[14–16]. For the treatment of gout, anti-inflammatory an-
algesics are mainly used in the acute stage. After the pain of
patients is completely relieved, the use of uric acid-lowering
drugs to correct the serum uric acid level is adopted
[7, 17, 18]. Studies have found that although febuxostat and
allopurinol can effectively reduce blood uric acid levels, they
can also increase the risk of cardiovascular disease [19].
Traditional Chinese medicine compounds could function in
anti-inflammatory analgesics and lowering uric acid at the
same time, which has certain advantages compared with
anti-inflammatory analgesics alone [20–22]. Besides, its
relatively fewer adverse reactions and lower price have
attracted more and more scholars’ attention.
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According to Figure 4, the key active components of
SMP in the treatment of GA were quercetin, kaempferol,
wogonin, baicalein, beta-sitosterol, and rutaecarpine.
Quercetin is the active compound of Cortex Phellodendri
(Huang Bo) and Radix Vladimiriae (Niu Xi), kaempferol is
the active compound of Radix Vladimiriae (Niu Xi),
wogonin is the active compound of Rhizoma Atractylodis
(Cang Zhu) and Radix Vladimiriae (Niu Xi), baicalein is
the active compound of Radix Vladimiriae (Niu Xi),
beta-sitosterol is the active compound of Cortex Phello-
dendri (Huang Bo) and Radix Vladimiriae (Niu Xi), and
rutaecarpine is the active compound of Cortex Phellodendri
(Huang Bo). Among them, quercetin and wogonin are the
common active components of two traditional Chinese
medicines, which is similar to the compatibility and syn-
ergism of TCM compounds. Considering Semen Coicis (Yi
Yi Ren) as an indispensable TCM in this prescription, the
active ingredient stigmasterol, characterized by a great

degree value in Figure 4, was established as one of the
crucial active compounds.

+ese PACs in SMP have a certain curative effect on
inhibiting inflammation and lowering blood uric acid level
[23]. Among them, quercetin, baicalein, wogonin, and
rutaecarpine showed strong anti-inflammatory effects
[19–21]. Baicalein could inhibit the activity of NF-κB and
some inflammatory factors, such as monocyte chemotactic
protein-1 (MCP-1), interleukins, tumor necrosis factor,
and cellular adhesion molecules. In addition, it also clears
the reactive oxygen species (ROS) to show anti-inflam-
matory and antioxidant effects [24]. Moreover, wogonin, a
flavonoid from medicinal plants, has shown various bio-
logical activities. It potentially inhibits the production of
inflammatory mediators by macrophages and lymphocytes
[25]. Inhibition of NF-κB and mitogen-activated protein
kinase (MAPK) pathways in rutaecarpine-derivative R3
inhibits the NLRP3 inflammasome activation, which

Table 1: Active compounds and their number of targets of SMP.

No. Source ID Compound OB DL Number
1 Huangbo, Niuxi MOL000098 quercetin 46.43 0.28 138
2 Niuxi MOL000422 kaempferol 41.88 0.24 55
3 Cangzhu, Niuxi MOL000173 wogonin 30.68 0.23 41
4 Niuxi MOL002714 baicalein 33.52 0.21 33
5 Huangbo MOL000790 Isocorypalmine 35.77 0.59 31
6 Huangbo, Niuxi MOL000358 beta-sitosterol 36.91 0.75 28
7 Huangbo MOL001455 (S) -Canadine 53.83 0.77 28
8 Huangbo, Niuxi, Yiyiren MOL000449 Stigmasterol 43.83 0.76 27
9 Huangbo MOL002670 Cavidine 35.64 0.81 24
10 Huangbo MOL000787 Fumarine 59.26 0.83 22
11 Huangbo MOL002651 Dehydrotanshinone II A 43.76 0.4 18
12 Cangzhu MOL000188 3β-acetoxyatractylone 40.57 0.22 17
13 Huangbo, Niuxi MOL000785 palmatine 64.6 0.65 16
14 Huangbo MOL002662 rutaecarpine 40.3 0.6 14
15 Huangbo, Niuxi MOL001454 berberine 36.86 0.78 14
16 Huangbo MOL006422 thalifendine 44.41 0.73 12
17 Huangbo MOL002894 berberrubine 35.74 0.73 11
18 Huangbo MOL002644 Phellopterin 40.19 0.28 9
19 Niuxi MOL002897 piberberine 43.09 0.78 9
20 Huangbo, Niuxi MOL001458 coptisine 30.67 0.86 8
21 Huangbo MOL001131 phellamurin_qt 56.6 0.39 7
22 Niuxi MOL003847 Inophyllum E 38.81 0.85 6
23 Huangbo MOL002668 Worenine 45.83 0.87 6
24 Yiyiren MOL001323 Sitosterol alpha1 43.28 0.78 5
25 Huangbo MOL002666 Chelerythrine 34.18 0.78 5
26 Yiyiren MOL000953 CLR 37.87 0.68 3
27 Niuxi MOL004355 Spinasterol 42.98 0.76 3
28 Huangbo MOL002663 Skimmianin 40.14 0.2 3
29 Yiyiren MOL000359 sitosterol 36.91 0.75 3
30 Niuxi MOL001006 poriferasta-7 42.98 0.76 3
31 Huangbo MOL002641 Phellavin_qt 35.86 0.44 3
32 Yiyiren MOL001494 Mandenol 42 0.19 3
33 Huangbo MOL001771 poriferast-5-en-3beta-ol 36.91 0.75 2
34 Huangbo MOL000622 Magnograndiolide 63.71 0.19 2
35 Cangzhu MOL000184 NSC63551 39.25 0.76 1
36 Huangbo, Niuxi MOL002643 delta 7-stigmastenol 37.42 0.75 1
37 Huangbo MOL005438 campesterol 37.58 0.71 1
38 Cangzhu, Niuxi MOL000085 beta-daucosterol_qt 36.91 0.75 1
39 Yiyiren MOL008121 2-Monoolein 34.23 0.29 1
40 Niuxi MOL012461 28-norolean-17-en-3-ol 35.93 0.78 1
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consequently lowers the expression of proinflammatory
cytokine IL-1β [26, 27]. +e pathogenesis of GA is highly
associated with the inflammatory cascade induced by the
activation of the inflammatory bodies of NLRP3 [2]. +us,
the inhibitory effect of rutaecarpine on the inflammatory
body activation of NLRP3 may influence GA treatment.
Besides, quercetin and kaempferol may significantly elevate
the total antioxidant capacity and inhibit the xanthine
oxidase (XOD) effect in hyperuricemia rats [28]. In another
study, inhibition of XOD activity could reduce the serum

uric acid level and the formation of ROS, consequently
reducing the deposition of gout urate crystals [29]. Ad-
ditional studies found that quercetin could reduce serum
uric acid levels in hyperuricemia mice and impede renal
insufficiency. +is was achieved via the regulation of renal
organic ion transport protein and uromodulin, and dem-
onstrated fewer side effects than allopurinol [30, 31]. Beta-
sitosterol (SIT), the main compound among various
phytosterols, can reduce the expression of chemokines and
inflammatory cytokines. It then regulates various biological
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XDH

ZNF182

RPS2PAFAH1B3SNRPA1HSPA1LSRSF2 TCEA1PRPF40AUSP16CHD3IFI16

UHRF1BRF2RPL18AGEMIN4
RPS3

PSMA2
MBD1LARS

RPS28
GCN1RPS6KA3HNRNPUL2USP11RPS26LUZP4

EIF3INME1WDR76AIRE

RPS14SEPT11EIF3ERPL12
POLR1CEIF3F
MGMT

EIF4ENIF1

SDF4

ATAD3B
RCN2DDX18EIF2S2

SCAMP3

RPS8
PARP2RPS24RPL32EFTUD2 CAND1

SCNN1G

ANXA1
CTNNBL1

BICDL1

AASSRAB15

AIFM2

AGAP4

GTSF1 TTC39C

GUCA1A

CMSS1
TOP1MT

HIST1H2BOZSWIM7
ADAMTS10TBC1D3B

SPEG

CCNB3

UBE3D

C10orf90

SERAC1ACBD6

HIST1H2AH

GZMMC2orf73

ZSCAN20

POF1B

PTP4A2
PCSK7ARHGEF17

ZBTB5

DCLK1

ALDH1A1

MTMR2
ANKRD27KIAA0087

PCLAFNUTF2

CUEDC1

RECQL4FLG2
NFS1

TSFM

DHRS4

ZMPSTE24

LBHD1
DSG3

ZNF385A
ANO3

GPX2

CCDC70
DGKD

GALNT6
DNAH2

RAD23A

RPL3

TAGLN2

RPL9

IPO9

CPVL
RPS15A

LGALS3BP

EBNA1BP2AIFM1
NUP155

EIF4H

ACOT13DDX50

ELMSAN1

PPP5CRPL37AWRAP73
COIL

NECAP2KDM4ARPS10
CPNE1
RPN1

BRE
S100A9SAP18TUBA1C

ANXA3ATP5J2

RAB27A

SFXN3

CCS

CEPT1
AHSG

SRI
PBXIP1

TYMSRNF213
TALDO1

TRADD
STK25
NUMBL

ZCCHC10

ADSL

HIST1H2BM

ANKRD13A
DNAJC1

AARSD1

SRSF1RPS13NONOOFD1BIRC5ASH2LSRSF7
TERF1SRP9P1UBE2HDCUN1D1MAP3K3

CDC5LHNRNPUL1COPS5CCT2
CNBP
TRIM21

KPNA1PSMC3
VCP
DBNLNUFIP1

NF2
CLIC1

NME2
BYSL

VTN

KIAA0368CCAR2REL

GOLGA2PIN1PTENFUSSPTBN1

TTC1
SNRNP70

UBE2E4P

TSG101
PIWIL1CEP170APBB1UBL4A

IQGAP1CENPJTOMM22PIK3R3TSC22D1PTGES3CDK11AKRT18
DGCR14
EEF1GUBB

PKD1

HMGA2NUP133
RPS12DOK2
DNAJB6

PLIN3

DDX27MYH14NUP85TOMM20RPN2
PABPC4

HELZ
TUBB6

PPIF

SPACA1
PPIG

EIF2AK3PSMG1

PHKA2

ACADVL
ARFGEF1PPIHSEC23B

UBD

RPLP2UBAP2LTELO2
EPPK1

HAUS2PUS1RPL27ARPL10A

KHSRPMAPRE2ZW10EIF3GAPEH

TTI1TOMM34EIF2B5
TXNL4AEIF3JMKNK1

HECTD3NTPCRIGSF21THOC5UTP15
MAGED2

RBM6
MPHOSPH6

HERC1

POP7ANK2
MTDH

EMG1
UBXN8

CDK2AP1ARHGAP25
PDCD5RNF187 PRAM1DPH1

FXR1HIST1H2BNMRPL10
MYL9

ZFP91
RIOX1

PWP1
CRP

EIF4EBP3

PDXKLAS1LABR
LYPLA1 XBP1TRIP12CHD1L

GRPEL1TAF1B

H1FX
SNRPFSNRPD3

MRPS23EXOSC8UBA2SLC9A3R1DCTN2

MVPBUB3SART3SLC7A9UST HIST1H2BH
USP38FOXJ3

ZNF197PLCH1

AGAP3

STK26
PSMD9

PSMD10FBXO6PSMA5YWHAHFAF1C1QBPRPGRIP1L

TRAF6

DROSHA
PFKMPARD3

FASNSAE1TOR1AIP1RIPK1PDS5A
HNRNPLCADPHF10SLC25A5MTNR1BTIA1ALDOAPRPF19ARF6RPS27RANBP2PXNMAP1LC3AEIF3A

NUP93
ATP2A2BAG5

AHCYL1
HNRNPDLHLA-B

CFTRPARK2HSPA5

NTRK1
SFNITGA4

RIF1DCTN1
DNM2FLOT1HSPA8SLC25A6MPGCDC37

OTUB1
TNFRSF1BARRB1
HNRNPH2

NFKB2MCCTXLNA
NFKBIBRBM14DBN1CCT6ALRRK2

FLIIPOT1CKB

BPTF

UBXN7

MSH6

MKS1PIR
UBE2CUSP8

FAM71D
C11orf98

ANO5

WDR66

GALR3

APOO

TUBE1

CC2D1B
RPL36A

ADPRHL2
SNX15

TSNAXIP1

PRUNE1

MBNL1

LGMN

PGM5

RMDN1

DBR1

SPAG1

RAP2C

TNFAIP2

TMCO3

VPS13D

NBASDYNC2LI1

HPCAL4UNC5CL

TFAMARFGEF3

TBCEAKR1B10

KIAA1524
ETFBKMT
KLHL5

NDRG2

LY6G5B

AGAP7P

SPATA7

PALM3

POU4F1

ERICH6

BVES

LCE3AARRDC5

AGAP5

MDM2EEF1D
SNU13MATR3TOMM70

HDAC5
TRIM32SRPK2NASPKDM1APRMT5

MYO1C
EWSR1

ARRB2
STK11TBK1
CCT7NUAK1LAMTOR3FUBP3TCF4GRK5SOX2TNFRSF1ANCLPHB2KIF5BXPO1SNW1CDK2YWHAGVHLRANYWHAZUBCZYXHIPK1HUWE1TAB1HDAC6PPP1CBGARSPAN2ATF2MCM7RPA1ISG15

FKBP5HNRNPD
FOXG1DDX39BMYC

GADD45GBRCA1XRCC6
EED
NUP153ESR1

UNC45ATAB2PSMC4CUL4ACEP76SMARCB1TBL1XR1SMURF1DDX5CUL1

TMSB4XNFKB1TP73TMEM135YWHAEACTR2HSPA4ACACACHUK
PFDN5MSH2BAG6KRT31UBE2D3VIMCEP128

HSPA1B
ATXN3AESPSMD7HERC2DNAJB1BCLAF1CEP135CCT8

BANF1SKIKPNA2
LUC7L3RPS27AYWHAQNFE2L2

SPTAN1ELAVL1IKBKGCASP4PPM1GSUV39H1FLNATRAF1MAP3K1EEF1A1HNRNPH1CDKN1AHSF1
GAPDHUSP7
AARSPTRF

COPS4GTF2IAGO2
CEP55UCHL1

RFWD2
CCT5

ESR2
CBX5HNRNPH3

RPS6KA1IRAK1SUMO1
WNK1

MED13C11orf54CTNNA1SRPK1EP300
CEP63SMN2SAFBIST1CCDC85B

UBE2E1CDK6HDAC3HIST1H1C
MAP1BH1F0NPEPPSCRY1DVL2ITGB3BP
MOB4
NIN

TERF2IP
MDC1

APC
MAPRE1PMLAURKAUBE2D2PC

WDR77
CLINT1SORBS1

APLP1

CDK1CCNA2
HTTVPS26ACSNK2A1RAD51PRKDC

RBBP8PIK3C3SP1NR3C1FHOD1BUB1B
HMGB1

KRT17DNMT3AUNGPIM1ZNF512BCARM1ARCDC20SIRT1MAPK8IP2

ACLYWDR48

RELA

MTA1PPP1CCCAPZA1KPNA3YAP1
BTRC
XRCC1KIAA1549CDK4RUVBL1ATXN1
HDAC2

CTR9LOXHDAC4
ZBTB16MTA2

NCOR2

KEAP1EIF2ACDC45TRIM24
ZNF131HIST2H2ACMORF4L2POLR2GDCUN1D5RYBP

FOXM1
PIAS3SKP2PPP2R5DARIH1NFATC1MARK3

CDC73
RNF114PPARDFKBP3LOC100996724PKN1FBXW7

RARACHFRPPFIA1DHX36SETD7CDC25AGPS1
MRPL28CDK3POLA2NSD3SHMT1HRNR

CREBBPPPIDHIST1H2AAMRGBPPCBP2SPEN
CCNE1
SMARCD2TFIP11WDR26DACT1NR1H2DRG1PIAS4PPARG

NAF1ATF3S100BSIRT2BOLA2MED14E2F4NCOA3

CENPBBAG4
BANPAPPBP2RUNX1HEY2RXRAANAPC2

RXRBNEFM

CPSF1
TTI2

FANCCVTA1EIF4E2STAT6HIF1AN
GTF3C3

TOPORSNKD2AKAP8
CSTA

RBFOX2

SMARCA2KAT8OLA1CNOT9AMOTL2BLMHIVEP1JUN
NR2C2
PGRCBX2

KAT2B
CCND3CCNT1DDB2

ERCC6

MCM10YY1HIST2H3CAKAP8LTBP
CREB1SNAI1NCOA1FOXO3

CRIP2NOL3SMARCD3TSPYL2KMT2A

AKAP5RBM3PPP2R2AHIST2H3ADCAF1RNF41MORF4L1TLE1SSX2IP

HIST1H2BAKMT2BDEUP1WDR5

CEBPACDK8DNAJC9PSPC1NRIP1ADNPTUBB1TCEAL4AGO1

POM121CDC27
KLC2

RCOR3RB1

FTH1COPRS
SMAD7

TAF12POU2F1
ID1

MYL12AERC1MEF2ACEP70E2F1SPOPKAT7RUNX2

TAF1PGAM5PSMD5ORC4
EEF2KXRCC5HIST2H4AHIST1H3HMED23FLNBCCNB1

FLAD1HIST1H4HHAUS1

TERT

NFATC2
PARP1

TP53
BARD1TSSC1H2AFXDNAJA3UBE2I

TRIM28
HNRNPK

STK4
PHC2

TP53BP1RRM1
SMARCA4HIST1H4BMAD1L1HIST1H4JCDK9STXBP1KDM5BSIN3A

KAT5ATMHIST1H4KEEF2KRT5BRMS1
DHX15DDB1HDAC1DAXXSLC25A1

TJP1
FOXB1

CAMSAP2ERCC8
HAUS8STOM
GDF9GNL3PRDM2KCMF1

POLR1B

CPNE2ABCF1
GTF2E2

DOT1L
PKP1

CFL2MAD2L1BPARMC8DNMT3B
PPP1R15A RFC3PABPN1RNF115PPHLN1PRPF8

NOP58

TSC22D3
NLRP2FAU

RPS21SSRP1MRPL39
RPL7APOP1TRIM33SNRPETPI1AIPRRP1B

CEP162BASP1
RPS4XPES1

ZHX1CEP152

SSBP1
EIF3C

SEC22B
MRPS27

KDM6B

WDR6

NCAPD3

TBC1D1

FASTKD2
ATP2A3

PDS5B PYGB
SWAP70

CKAP2
TRPC4APMYCBPGNL3L

RCC2CDK14
KIF2CPSIP1

RPL31CDK16
ERH

LYAR

DUSP10SEPT10
DHX40POTEETUBA8PRPSAP1WBSCR22

RPL19CEP120MYO1DRPL29EIF5AL1
XRN2

DAPK3GFAPMARCKSL1NSUN5
SCFD1HN1L
NAMPT SEPT7

NDE1
SIK2

SNRPB
USP22DFFA

RAVER1NR1I2

ILF3FBL
RPS20SNX9NAP1L1CEP57

RPS11ICAM1UHRF2MAST3
USP20
SENP3HNRNPF

FBF1
THOC1RPL5NOP56ILF2RPL18

NDUFA2HIST1H1DSSR1SMCHD1GLO1
PRPF6
RPL11CBX3SNRNP200PABPC1VPS35MAT2AORC1KLC3PSMB9

EIF4A1DNMT1RPL10
SF3B3

RBM14-RBM4
CAPZB

STRN4MAGEA6UBE2E3SNX2DNAJA2
RUVBL2

CYP1A1

RC3H1
HSPB1

HNRNPMMAP3K4HNRNPA1

OBSL1
CCT3

TUBB
RNF2
NPM1SIRT7

RPS6KB2
TARDBPIPO4

DUT
DHX9HDGFC8orf33HSPH1

GMPSRPLP0TUBB4ARPL17EIF4A3RPS6NCSTNHNRNPA2B1

PPIBKRT19PSMB2
DARSTRIM29NUP205CTPS1HECTD1

MTCH2
SREK1

HSP90B1AHSA1
SF3B6ILK
EMD

CUL7NEDD8IKBKERAB5CCDKN2AIPPPP2R1A
RPS3ATRAP1HSPA9

ABCE1PSMC2YBX1HSPB2
CSNK2A2FBXO25UBE2K

IPO8PSMC1LOC101929876DDX3XTUBG1VCAM1
CUL2SUB1CUL5NCAPHPOLR2BCUL3STAU1ERG

NUP50
LDHB

IGF2BP3
EIF4E

U2AF2TUBGCP3
CIAO1RBBP6HSPA4LCOPG1BAG2ZBTB1

RPL35WWC1CALU

ZWINT
GANMCM2CCDC8NINL

CCL17
TNP2 OGDHLRECKGRK6

PTPN5NLRC4
EPB41L5

CD5
PPP1R9ATRAM1AATKSHC2 SCGB1A1

LPASGCAIGFBP7
ADAM12

AMY2BCOL4A3COL4A4NID2CXCL1BBC3ZNF16
VAV3CHST15COMMD5

IL1RAPBICD1
CD9F2

FBN1 HPD
ITGA5ERBB4EPHA2

RIN1SNCGEPHB2
GNG2GRIN1
TCF7L2EGF

BTDMYLK3CFB
BLCAP

BCL2L12POMGNT1
CD7

DHRS1
NRP2

RBSN

INS

SNAI2GNA15

BMFITGA8

ITGA2ANKS1B

ADAM17NDFIP1PAMLPCAT1CXCR1DAD1
EXT2

GLG1ALPI

ACPPC22orf29NOSTRINSGK3

CLEC18AGIMAP5
PCED1A

HSD3B7

BNIP3
BDNF

BDKRB2FAM173AMEX3D

ADRA1B

F13A1

GALE
GLB1 EXOC6BCXCR2TGFACOCHFBN2

DPP4
KLK11

GAD1LIPE

SHC4

GSTT2B

SPATA31A3SLC2A12

LCN2

ACKR4

PGF

AP1AR

CCL4

BECN2

CD200R1

GSTT2

PTGER1
RHBDF1ST7

RGS9

NRGN
CCL22

SPARCL1
KIAA0319L

MARCH6

ITPRIP
NAPSA

NCBP2-AS2

HGF

CNMD

CXCL8

TMEM168

SETD6
UBIAD1

INTS6L

ZNF804A
COL6A3TMEM259

C1QC
CALB1

CHAC2

GABRG2

MPDZTAZ
CDK5R1

SHROOM3PICK1
GRAP2
TNKS2

PTTG1

PPP1R9BGLRX3
GNA13

DIAPH1GOPC
MAST2
USO1

KCTD17EZR
CAP1

PDIA6

BCL10

COPB2BECN1PDE4DIPNUBP2

USP29MFSD13A

CXCL6
MUC3A

MID1IP1

CCL4L1
PON1

EREG
MATN2HRK

RGS5

CXCL13

TNC
TMTC4TIMP3CMTM3

KRT27RGS16SLC4A10SLC5A1
PPP4R4

XK
AIDA

COL13A1
ARHGAP5

MEGF6

FBLN2

BNIP2
TG

PNPLA2
APCS

CD6

GSTZ1

SAAL1

RUBCNCNN1

CHN2GRK3
CD68GON7

RAPH1

TRAPPC5
GAMT

HBD

TARS2AKR1C1
SPRR1A

ITIH2

ATAD1

CYP3A4

COL6A2BCL2L14
CRYAA

RNF183
TRPC3EPHB4

UGT8

PTPN18RIMS2FAM187BITM2B

DBIAPOH

GORASP1
SPSB4
NLRP1

DLG4

GNA11

TRAPPC3

F11RTGM1PLD3

OLFM1

COLEC10

VEGFB
INHA

ARRDC4

CHMP3

NCAM1

PLCG2NUCB1

SERPINE1

ZDHHC21

NAT1PDE5A

LCT

C9

TM9SF3FBLN7

MMP14

SH3BGRL
LSR
PLAU

SLC6A9

RHONAXD

SLA
FAHDCN

JSRP1AAMDC

ALCAM
DCBLD2

AGAP2
FABP4GRIA4COG1

ANKS1A

TEAD4
TMSB10

HSBP1

CCDC155

GPRASP1
RAPGEF1

HOXA9SLC12A2PTPRBLRP6PTPRCLRPAP1
NCKIPSDNCDNFAT1 SH2D3C

PDIA2
ZFYVE21

BCL2L10
HBZ

RABEP1TIMM23TP53RKCCDC47
HECW1

CD40LGAP1S2MAPKAP1
NRP1

CD36
C1QA

FNIP1

SOCS4FCGR2B

FZD5AMBP
HIGD1A
COG4COL17A1COQ8AWWC2 CUL9

VEGFA

SPI1
BAP1PLD1HDAC7

CC2D1AGATA2PPARGC1ANCOA6EIF4EBP1AKAP13

CCNG1PRNPIRF7KMT5AFZR1CHD8
PRKD1FIP1L1

NCF1CMTF2
AXIN2ZBTB33JUND

RFFL
TFDP1CCND2TULP3

MRM3LOC100653061

MLKLTTC3
EPSTI1

E4F1

ITPK1
ACTL6BHSPB6

FIBP
TLR2

NFYCGMNN
NRBF2

KLF10IKZF4

RANBP3
GPR37SERTAD1RLIMKIDINS220

USP12BTG2ERFHBP1
SLK

TRO

SASH1

PRDM1PPP2R5E
CDX2

CDKN1CMETAP2
RAD54L2

EHHADHCPNE7ZSWIM8
EHMT1EGR1BCL6SENP1FBXO18ETV1

RASSF1NEXN
PPIL1EPAS1

NTRK3IL6STIER5

IL16

RAP1GDS1

PPM1DTMEM62

SOCS2CTBP2PRKAA2
ANKRD17

MGEA5WASL
MAPKAPK3CDC25C

LANCL2

MYL6B

TCL1A

PACSIN1IFNGR1
PAX2MNDAZBTB25

MOAP1IL15RANSMCE4A

MAGEB18TNNI3
SPTBTH

MED24
ENC1

MUL1
C7orf25

CCNB2
DACH1
NAV1NR1H3

ESRRA

WDR83

MAPKAPK2
RAC3

CA2

RNF126ETF1MAP3K5NUP35NFATC2IPMTA3
PIAS1

MINK1HMMRSAFB2CCND1

CD82

KCNIP3

KRT7
MYH3NOTCH4

ITGB6

ABHD16A

COL3A1

ST14DPYSL5 EDA2R
IP6K2NPPAPTPRRSELE

IL13RA2ROBO1

PTPN7

PRTN3IL18

XAF1

LURAP1L

KLK2

TRAPPC13

ITPKA

MYL3

INPP5B

STYK1

PPFIA4
ASRGL1

KRBA1

DUSP2

HOXA5
TBC1D2TRAPPC11

CHD9

SRMS

DENND5B

ARHGAP9
HIVEP3

IL27RA

MINPP1

ALOX15B

GUCY1B3

RGS22

ZNF212ARID5A
TRIB1
GREB1MFAP4

DUSP4

ANKRD2

HOXB2
NLRC5CNKSR1

CYTH3
PTPRCAP

CER1

REG3A

NBEAL2EYA1

TRIM40

NLRP10ITPKCDUSP22
IQCG

ZNF467USP31
ANKRD6

ACSBG1

MPO

AGBL2

AK4CYTH4

NEBDEC1
SERPINA4

USP28CLEC3B

NEFH

SERPINA1

SDC2

CCDC180

STAT4TNFRSF10A
ELP2MYOC

PDGFAMEF2CMETTL3
IRF2

SMAD6ELK1
PRKAR2AIFNAR1

SOX4PPP3CC
THRSP

PDK3
LEF1

TICAM1

TLR4ANKRD13DPPP4R3A
MXI1RGS7

ZBTB9
LIPHSTAT2

SUV39H2

PDGFB

PSMC3IPIL2RGIL12RB1

ZNF133

VWF

GALNT12

INCA1

SDC4JMJD1C

RNH1RRM2B
ITGB5TRIB3CHAF1AARHGEF5AKT2CDKN2CLDOC1POLLPRMT2

MAPK14
RRM2NOTCH1RIPK2MNAT1
IKZF3MED12
NR1H4NR4A1ATXN7

CASP9

PSMC5MAPK8

SMAD4BIRC2
DYNLT1SMAD9CDKN1BCPSF7
CDC25B

FOS

AP3M1ATN1PPP4CSTAT3
SNCA
MBPGRIP1

PRKAR1ANEK2BRAP
STRAP
ZBTB17

UBE2E2STK24ELOC
GSK3APCBD1

STAT5ABRCC3PPM1AMYEF2
AXIN1

ARPC2CDK11B
HIST1H1BTRIM39RB1CC1DVL1

FADDTRIM54TNFAIP3USP4
TCERG1

ZBTB8AEPN1PTPRSFHL2HIPK3
DSTLOC400927-CSNK1ERGS3

ITK
PTPN12MAP2K3

FGRRABGEF1
PLG

HCLS1 HLA-DRB5
IL1A

CCL2

CRTC2

MRPS34

SOS2
GABARAPL1APPL1

FEN1 DPYSL2
EIF4A2

HES1
NFKBIE

KRTAP10-7
OPA1TIAM1DDX6DDX58ETS1

PPP2R5A

FBXL12
CORO7LCK

TGFB1
LIMK1PIK3CAARFGAP3MYO5A

HIPK2

KSR1
GZMB

PTGS2

CDKN2A
TRAF2S100A8WWOX

USP2RBX1DSP
DAPK1STAT1GSK3BSF3B2HIF1AUBE2SUBASH3BRAB11BMAPK3TMEM63B

KHDRBS1
YWHABFOXK1CDC42ANXA2TGM2SH3KBP1UCHL5RETDNAJC7MAPK1

RNF43BRD4EIF3DGLULMAPK9SLC2A1TMOD1RFC4

STAT5BPSMA4DNM1LJAK1PAK1
NEDD4MAP3K7
IRS4AP1B1OTUD4GRB7TFCP2NAA10SMURF2CDH1WASELOB

TFAP2C
TMX2-CTNND1ELF3

GSTP1

MAD2L1ARPC1BRICTORDDX54TUBGCP2ENO1PRKCACASP3

SMAD5LATS1CREB3L3IMPDH2USP42
RANBP9SET

OPTN
CASP8

SRCCLUGRNERBINPPP2CBABL1NDRG1STRNBCAR1RELBSCRIB
GTF3C4AMOT

VPS28SUPT6HCD2AP

SEC16ACEP290PSMA6CSNK1DERBB3SHC1
NCK1BAX

BCRMAP1LC3B
CHEK2CHEK1CTTN
TYK2RASA1TAX1BP1

IKBKAPPRKCISYKCD40A2MHRAS
NCK2PIK3R2

PTPN2P4HA1STK3TTN
EIF3MCBL

ZNF227FAM50A
KRT81CBLL1

TPPP

TFAP2B

CABLES2ROBO4 CNTN2
CEACAM5

ATXN7L3B

TNP1GUCY1A3

MSTO1MSH3
MKLN1MAFA

DEDD2

ELK4
PER2

PCYT1A

NPRL2CSNK1G2

ZMIZ2
ATP9A

IFNGR2

ZNF518AATG16L2

ENTPD5

ZMYM6

ZIC3
KLF2DMTF1

GMEB1

BEX1
TP53INP1

CP
CLIP3

NEUROD1
NFATC4

ISL1

CSAD
AGTPBP1THAP11

TNNT2CREB5

GLMNSTX17
ZNF148NFE2

EIF1AD

IRF9
CDC14APARP9CITED1

FN3KRP

PROX1
CCNF

FOSB

NKIRAS2
RWDD3

AMMECR1LREV3L
TRMT11NAA25

ZNF398

KCNQ2
IFI27NUDT10

SLC4A4

EN1

NPIPA1

FCAMR
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GATA3

FDPSRNF11EXOC5

CDK13IDETTC9CSEC61A1
HIP1RPAFAH1B1SNAP23

COPAUBQLN4CHGBPTPRFFARSAMKI67TCTN3

DNM3AP1S1COPG2

BTF3L4
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CFL1
GNB1

SNRPA
MYH9

IMMTPRKAA1
GABARAPL2COPB1

SUMO4

TIMM50
BAG3
STIP1P4HB
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NRG1
RCAN2MYLKSNX17GNG5MCL1
PLCB2

TDRD7REPS1
PDK1
TGIF1FGB

IFT57
PLA2G4A
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EPORIGFBP3

ABL2GAB2MAP3K11
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EFNB1
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PLD2ADAP1RASSF5TIMP2ECD
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SMPD1TGFBRAP1

MAPKAPK5ILKAP
GABPB1FABP3

TNFRSF10BSOX9
LPLNOTCH2ITGB4MAP3K10ASB4KRTAP10-11

DEAF1

EFEMP2NRAS
ITGB3
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FESCARD11ALPP
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MAP2K2
RNF14ASB15
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MAP2K4
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SPAG9
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ASXL1
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PRKCD
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MLH1FHL1RAP1B
GABARAP
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CASP7MAPK7RPS6KA4PFN1NR2C1
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ITCHCREB3CSNK1EMAP2K7MAP2K1

CTNND1SEC61B
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CCR2PZP
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GAS2L1

MICALL2

TMEM54

CDC14B
ATPIF1USP24DFNA5
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PSMD7

DCTN1

RBM4DNM2

TP63
LGALS3

HNRNPH3

CHEK2

CRKLSMARCD1GOLGA2
ZBTB16SMARCB1ATXN1

HGS
CHEK1

PCM1
SEC23A

TNIK
HIST1H1C

CLU

HSF1
CEP128

BAX
TCF4 SGTA
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MMS19

DAXX

WDR5

COPS2
DKC1
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Figure 5: Protein-protein interaction network of the Simiao Powder.
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functions, including anti-inflammatory, analgesic, immu-
nomodulatory, and antimicrobial functions [32, 33]. Also,
stigmasterol can inhibit the inflammation induced by so-
dium urate crystals and XOD activity in mice, a phe-
nomenon that validates its antigout effect [34].

Herein, to obtain the core target proteins of SMP in the
treatment of GA disease, the PPI network of intersecting
target proteins was constructed. Also, we performed two
topological screens on the SMP target for GA treatment
based on DC, BC, CC, and EC. TP53, FN1, ESR1, CDK2,
and HSPA5 were the five core target proteins. Based on the
existing reports, TP53, also known as p53, contributes to
transcriptional regulation of the cell cycle, DNA repair, cell
survival, and cell metabolism [35]. Inhibition of p53 exerts
a substantial effect on promoting the senescence of
IL-1β-induced chondrocytes [36]. +e potential role of
TP53 in the regulation of inflammation has been described,
whereby it significantly inhibits the production of proin-
flammatory factor IL-6 [37].+e overexpression of FN1 can
activate TGF-Akt/PI3K/Akt signal pathway to promote cell
viability and differentiation capacity [38]. Cyclin-depen-
dent kinase (CDK) is the main regulator of cell division. It
can be potentially triggered by different cyclins at different
cell cycle stages [39], and it can regulate the secretion of
inflammatory cytokines in macrophages [40] and inhibit

CDK2. In consequence, a reduction in chemotaxis of
primary neutrophils outlines the role of CDK2 in regu-
lating inflammation [39]. Estrogen receptor 1 (ESR1) is a
subtype of human ESR, expressed in chondrocytes, stromal
cells, and osteoblasts [41]. In particular, ESR can induce the
transcription of related target genes to promote the pro-
liferation and differentiation of tissue cells as they bind to
estrogen [42]. Heat shock protein family A member 5
(HSPA5) gene can also participate in the inflammatory
process of various types of osteoarthritis as it encodes the
binding immunoglobulin protein (BiP) of the endoplasmic
reticulum Hsp70 family [43].

Following the KEGG signal pathway analysis, the
mechanisms of SMP in the treatment of AGA were mainly
anti-inflammation and protection of the cartilage. +e
critical inflammatory signaling pathways included TNF and
IL-17, whereas the apoptosis signaling pathways included
p53 and HIF.

Current pieces of research on the mechanism of gout
have reported that the phagocytosis of MSU crystal triggers
the change of inflammatory cell state of synovial cells in GA
pathogenesis [14]. For instance, the deposition of MSU
crystals promotes the local release of TNF-α and IL-1β,
which causes persistent gout episodes [44]. IL-17 also
stimulates macrophages and monocytes to produce
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Figure 7: KEGG pathway enrichment analysis. Note. KEGG enrichment analysis of putative targets. +e y-axis outlines the top 30
significantly enriched KEGG pathways, whereas the x-axis displays the number of enrichment genes of these terms (P< 0.05). +e color
denotes the different P value range; the redder it is, the more significant enrichment.
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proinflammatory factors, including IL-1β, TNF-α, and IFN-
c (Figure 9). As a powerful proinflammatory cytokine, IL-17
can increase serum IL-17 levels 8 hours following the acute
attack of gout [45]. Moreover, in several arthritic animal
models, the inhibition of IL-17 expression was found to limit
inflammation and reduce joint erosion [46]. +e TNF sig-
naling pathway has also proved to be a crucial inflammatory
signal pathway. Signal transduction is mediated by TNF
receptor 1 (TNFR1) and receptor-2 (TNFR2). TNFR2 is, in
most cases, expressed in immune cells. It binds to TNF-α
and TNF-β to regulate immune response [47]. TNF-α is a
proinflammatory cytokine produced by different cell types,
such as macrophages, lymphocytes, and fibroblasts, and
reflects inflammation, infection, and other environmental
stresses [48]. Previous reports showed that inhibition of
TNF-α expression in synovial cells during AGA could ef-
fectively inhibit local inflammation [49, 50].

+e physiological dose of soluble uric acid exerts a
specific protective effect on cartilage [51]. However, fol-
lowing repeated attacks by GA, the articular cartilage edge
is damaged, the articular surface becomes irregular, the
joint space becomes narrow, and MSU deposition occurs
[52]. A study found that reduced articular cartilage matrix
secretion in patients with GA was associated with

chondrocyte apoptosis [53]. p53 can regulate cell differ-
entiation and senescence. +e inhibition of p53 expression
potentially improves senescence and affects the destruction
of IL-1β-induced chondrocytes [36]. Compared to the
inflammatory signaling pathway, the HIF-1 signaling
pathway is slightly less in gout studies. As a transcription
factor, activation of HIF-1α expression in synovial cells
may be induced during hypoxia. Synovial hyperplasia
follows the repeated infiltration of inflammatory cells in the
joint. On the other hand, hypoxia is associated with im-
mune cell infiltration and synovial hyperplasia. +erefore,
the upregulation of synovium-derived HIF-1α occurs in the
pathogenesis of rheumatoid arthritis (RA) and osteoar-
thritis (OA), which are hypoxia-associated diseases
[54, 55]. HIF-1α exerts a regulatory role in the function of
immune cells. Activated LPS-induced macrophages can
also express HIF-1α, which is crucial in glycolysis and the
induction of proinflammation [56]. +e therapeutic effect
of SMP on AGA may be derived through the regulation of
the inflammatory signal pathway, p53 apoptosis signal, and
HIF-1signaling pathway. And other top-ranked signaling
pathways, such as the AGE-RAGE signaling pathway in
diabetic complications, fluid shear stress, and atheroscle-
rosis, etc., still lack their gout-related studies, which are

Table 2: +e affinity of the putative compounds with core targets.

Compound Affinity -TP53
(kcal/mol)

Affinity-FN1 (kcal/
mol)

Affinity-ESR1
(kcal/mol)

Affinity-CDK2
(kcal/mol)

Affinity -HSPA5 (kcal/
mol)

Dehydrotanshinone II A −7.6 −4.0 −8.7 −11.5 −8.3
3β-acetoxyatractylone −6.8 −3.3 −8.7 −8.6 −6.9
baicalein −6.6 −4.0 −8.4 −8.7 −9.7
kaempferol −6.4 −3.9 −8.3 −8.4 −8.8
wogonin −6.9 −3.9 −8.3 −8.7 −7.9
quercetin −6.5 −3.9 −8.1 −8.8 −8.2
Phellopterin −6.6 −3.4 −7.9 −8.5 −7.0
phellamurin_qt −7.4 −3.8 −7.2 −9.4 −7.8
Mandenol −4.3 −1.6 −7.1 −6.4 −4.2
rutaecarpine −8.3 −4.2 −7.0 −10.5 −9.6
2-Monoolein −4.9 −2.1 −6.6 −6.5 −4.7
Spinasterol −7.9 −3.8 −6.5 −9.1 −8.3
beta-sitosterol −7.3 −3.4 −6.5 −10.6 −7.6
Phellavin_qt −7.1 −3.7 −6.2 −9.5 −7.7
CLR −7.0 −3.2 −6.1 −9.9 −8.1
poriferast-5-en-3beta-ol −7.6 −3.1 −6.1 −9.9 −7.0
sitosterol −6.8 −3.1 −6.0 −10.2 −7.7
Stigmasterol −7.8 −3.9 −5.9 −9.8 −8.1
Sitosterol alpha1 −7.2 −3.6 −5.6 −9.8 −8.4
Fumarine −7.4 −3.9 −5.5 −9.5 −8.9
Chelerythrine −7.6 −3.6 −5.5 −10.4 −8.2
Worenine −7.7 −4.3 −5.4 −10.9 −9.0
poriferasta-7 −7.1 −3.5 −5.3 −10.4 −7.6
epiberberine −6.8 −3.8 −5.1 −9.4 −8.6
Cavidine −6.9 −3.9 −4.9 −8.7 −8.1
berberine −7.3 −3.8 −4.8 −9.6 −8.0
thalifendine −6.8 −4.0 −4.7 −9.6 −8.3
(S)-Canadine −6.7 −3.8 −4.7 −9.1 −8.1
berberrubine −6.9 −3.8 −4.7 −9.5 −7.6
Inophyllum E −8.6 −4.4 −4.2 −11.7 −9.7
coptisine −7.4 −4.0 −4.2 −10.1 −8.9
Isocorypalmine −6.5 −3.9 −4 −8.7 −7.5
palmatine −6.5 −3.6 −3.6 −8.8 −7.2
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Figure 10: Continued.
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likely to be the future direction of gout mechanism
research.

According to the space matching and energy matching
relationship between molecules, the core target protein of SMP
in AGA treatment was docked with active compounds. +is
provides a reference for the subsequent research and devel-
opment of targeted drugs. +e 2D image of molecular docking
depicts the binding mode between the core target protein and
the compound as well as the interaction with the surrounding
amino acid residues. Hydrophobic interaction best describes
the main association of target protein TP53, FN1, and ESR1

with InophyllumE.+e target proteinCDK2 residue Leu83 (A)
forms a hydrogen bond with Inophyllum E, whereas the
residues Asp34 (A), Lys96 (A), +r37 (A), and Gly227 (A) of
the target protein HSPA5 form five hydrogen bonds with
baicalein. +e main forces between ligand and protein are
hydrophobic force and hydrogen bond, which both are
chemical bonds with strong binding force. According to Ta-
ble 2, key components of SMPhave strong binding activity with
core target proteins, such as TP53, FN1, ESR1, CDK2, and
HSPA5, suggesting that SMPmay play its pharmacological role
by regulating these key targets. However, there are still some
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Figure 10: A diagram for the five core targets molecular docking of SMP gouty arthritis treatment.
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shortcomings in this study, and the conclusions need to be
further verified by in vivo, in vitro, and clinical trials.

5. Conclusion

+e present study systematically expounds the core com-
pounds and molecular action mechanism of SMP in the
treatment of AGA. +e core compounds of SMP, including
quercetin, kaempferol, wogonin, baicalein, and beta-sitos-
terol, were screened via network pharmacology, whereas the
core targets of AGA including TP53, FN1, ESR1, CDK2, and
HSPA5 were screened out via PPI. +ese core compounds
are characterized by stable binding activity to the core
targets. Also, SMP could regulate signal pathways related to
AGA disease, for example, TNF, IL-17, p53, and HIF sig-
naling pathways. +ese findings suggest the potential syn-
ergistic role of SMP in treating AGA via multiple
components, multitargets, multiple biological functions, and
multiple signal pathways.
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