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The mechanisms of celastrol in treating papillary thyroid carcinoma
based on network pharmacology and experiment verification

Jiaoyu Yi', Mengran Tian', Linfei Hu', Ning Kang', Weike Ma', Jingtai Zhi’, Xiangqian Zheng',
Xianhui Ruan', Ming Gao"**

'Department of Thyroid and Neck Tumor, Tianjin Medical University Cancer Institute and Hospital, National Clinical Research Center for Cancer,
Key Laboratory of Cancer Prevention and Therapy, Tianjin’s Clinical Research Center for Cancer, Tianjin, China; “Department of Otolaryngology-
Head and Neck Surgery, Tianjin First Center Hospital, Tianjin, China; ‘Department of Thyroid and Breast Surgery, Tianjin Union Medical Center,
Tianjin, China

Contributions: (I) Conception and design: M Gao, X Ruan, ] Yi; (II) Administrative support: M Gao, X Zheng, X Ruan; (III) Provision of study
materials or patients: M Gao, X Zheng, X Ruan, J Yi; (IV) Collection and assembly of data: J Yi, M Tian, L Hu, N Kang, W Ma, J Zhi; (V) Data
analysis and interpretation: J Yi; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Xianhui Ruan; Ming Gao. Huanhuxi Road, Ti-Yuan-Bei, Hexi District, Tianjin 300060, China. Email: tjruanxianhui@163.com;
headandneck2008@126.com.

Background: Celastrol, a triterpene present in the traditional Chinese medicine (TCM) Triptergium
wilfordii, has been demonstrated to have remarkable anticancer activity. However, its specific mechanism on
papillary thyroid carcinoma (PTC) remains to be elucidated.

Methods: Potential targets of celastrol were screened from public databases. Through the Gene Expression
Omnibus (GEO) online database, we obtained the bioinformatics analysis profile of PTC, GSE33630, and
analyzed the differentially expressed genes (DEGs). Then, a protein-protein interaction (PPI) network was
constructed by utilizing the STRING database. Furthermore, Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analysis were conducted. Finally, drug interactions between hub genes and
celastrol were verified by molecular docking.

Results: Four core nodes (MMP9, JUN, ICAMI, and VCAMI) were discerned via constructing a PPI
network of 47 common targets. Through functional enrichment analysis, it was confirmed that the above
target genes were basically enriched in the interleukin-17 (IL-17), nuclear factor kappa-B (NF-kB), and
tumor necrosis factor (TNF) signaling pathways, which are involved in the inflammatory microenvironment
to inhibit the development and progression of tumors. Molecular docking results demonstrated that celastrol
has a strong binding efficiency with the 4 key proteins.

Conclusions: In this research, it was demonstrated that celastrol can regulate a variety of proteins and

signaling pathways against PTC, providing a theoretical basis for future clinical applications.

Keywords: Papillary thyroid carcinoma (PTC); traditional Chinese medicine (TCM); celastrol; network
pharmacology (NP); molecular docking

Submitted Mar 24, 2021. Accepted for publication Apr 29, 2021.
doi: 10.21037/atm-21-1854
View this article at: http://dx.doi.org/10.21037/atm-21-1854

A ORCID: 0000-0002-2743-2247.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2021;9(10):866 | http://dx.doi.org/10.21037/atm-21-1854


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-21-1854

Page 2 of 13

Introduction

In recent years, the incidence of thyroid cancer (T'C) has
increased rapidly, and it has become the most common
endocrine system malignant tumor (1). Approximately
85% of TCs are papillary thyroid carcinoma (PTC) (2).
Although most early-stage PT'C patients have a favorable
prognosis after treatment, the likelihood of recurrence is
greatly increased if metastasis is already present at the time
of diagnosis (3). Metastases are known to cause more than
90% of deaths from cancer (4,5). In addition to the primary
tumor cells, multiple stromal cells and inflammatory
cells in the tumor microenvironment are also involved in
metastasis. These cells can affect the progression of PTC
by secreting various chemokines to participate in several
mechanisms (6). It has been reported that inflammation
can promote the transformation of normal thyroid tissues
to malignant tumors by creating an advantageous immune
microenvironment (7,8). Consequently, targeted treatment
of the inflammatory microenvironment is promising for the
prevention and treatment of PTC.

Celastrol, also known as tripterine, is a natural bioactive
ingredient isolated from the plant Tripterygium wilfordii.
Previous studies have shown that celastrol possesses a good
therapeutic effect in many diseases, including Alzheimer
disease, bronchial asthma, systemic lupus erythematosus,
rheumatoid arthritis, and obesity (9-11). Most intriguingly,
celastrol has clearly been demonstrated have anticancer
effects in many tumor cells and animal models (12-14).
It has been demonstrated that celastrol could inhibit the
NLRP3 inflammasome, reduced the potency of macrophage
to stimulate migration and invasion of tumor cells (15).
Nevertheless, the underlying mechanism of celastrol in
PTC is not well clarified.

Network pharmacology (NP) is a new approach that uses
bioinformatics to observe the interactions of drugs on diseases,
which provides a new logical guide and technical routes for
developing and understanding of drugs, especially suitable
for complex Traditional Chinese Medicine (TCM) (16).
Molecular docking is a method which is most used for
calculating protein-ligand interaction (17). Because celastrol
has multiple pharmacological effects and multiple targets,
its mechanism of action in tumor therapy is difficult to be
revealed by traditional research methods. In recent years,
many studies have combined bioinformatics and pharmacology
through the application of network pharmacology to reveal
the mechanism of action of these drugs and systematically
elucidate their role in the treatment of diseases (18,19).
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Therefore, we will use network pharmacology to predict the
target of celastrol in PT'C and analyze the interaction between
target and pathway-related PTC, so as to provide reference
for the further study of the material basis and mechanism
of anti-PTC. It will provide a new way and method for the
research of celastrol. The workflow of this research is shown
in Figure 1. We present the following article in accordance
with the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-1854).

Methods
Screening the differentially expressed genes (DEGs) in PTC

Based on the GPL570-55999 Print_1437 platform, the
dataset of gene expression in PTC and normal thyroid
tissue, GSE33630, was downloaded from the Gene
Expression Omnibus (GEO) online database. There were
105 samples in total, including 60 tumor tissues from PTC
surgery patients and 45 normal thyroid tissues from non-
malignant surgery patients. The pheatmap and limma
packages in R were utilized to assess the results. DEGs
between PTC tissue and normal thyroid tissue were
checked based on the criteria 1logFCI >1 and adjusted P
value <0.05. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

Potential targets of celastrol

The celastrol chemical structures were acquired from
PubChem (20). The Swiss Target Prediction online
database and PharMapper were used to predict the target
proteins which corresponded to chemical small molecules.

Protein-protein interaction (PPI) network construction

To visualize and understand the interaction mechanisms
of these target proteins, we constructed a PPI network by
utilizing the STRING 11.0 database (21). The candidate
target proteins were used by STRING to construct and
visualize the PPI network based on a minimum interaction
value >0.9 (22). In the network, each node represented a
target protein and each edge represented the PPI.

Enrichment analysis of Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG)

GO enrichment analysis and KEGG pathway annotation
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Figure 1 Flowchart of the analyses in this study. TCMSP, Traditional Chinese Medicine Systems Pharmacology; PTC, papillary thyroid

carcinoma; GEO, Gene Expression Omnibus; PPI, protein-protein interaction.

were performed using the Bioconductor data package in R
software (23,24). Adjusted P values <0.05 and subsequent
pathways related to PTC were identified based on the
pathological and clinical data.

Molecular docking

Based on the crystal structures of the proteins that were
downloaded from RCSB Protein Data Bank (PDB)
databases, molecular docking studies were performed with
select proteins using AutodockTools 1.5.6. Docking results,
the score ranging from 0 to 10 indicates that weak to strong
combing ability of the proteins, as a negative logarithm of
experimental dissociation/inhibition constan value (25).

Cell culture and treatment

PTC cell line BCPAP was obtained from Guangzhou
Cellcook Biotech Co. (Guangzhou, China). Cells
were cultured in RPMI 1640 (Gibco) supplemented
with 10% fetal bovine serum, penicillin/streptomycin
(5,000 units/mL, Gibco) and I-glutamine (2 mM, Gibco).
The passage number of the cells used for the experiments

was approximately 20-30. Celastrol was purchased from
Sigma-Aldrich (St. Louis., MO, USA) and was dissolved
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into DMSO to a final concentration of 50 mM (26).

Quantitative real-time PCR (qRT-PCR)

RT-PCR assays were performed as previously described (27).
Briefly, total RNA was extracted from cells using a RNeasy
Mini Kit (Qiagen). cDNA synthesis was conducted using
a Transcriptor First Strand cDNA Synthesis Kit (Takara)
according to the manufacturer’s instructions. PCR was
performed with FastStart Universal SYBR Green Master
Mix (Takara) on an ABI ViiA7 system. The primers are
listed in Table 1.

Western blot

Cells treated as described above were lysed in modified
RIPA buffer comprising 1% PMSEF. Equal amounts of total
protein were resolved by SDS-PAGE and transferred onto
PVDF membranes (Millipore). Then, the membranes were
immunoblotted overnight with primary antibodies. The
primary antibodies used for the western blot were MMP9
(BOSTER, PB9669; 1:1,000), JUN (BOSTER, BM4168;
1:1,000), ICAM1 (BOSTER, PB9018; 1:1,000), VCAM1
(BOSTER, A01199; 1:1,000) and GAPDH (Cell Signaling
Technology, 5174; 1:40,000).

Ann Transl Med 2021;9(10):866 | http://dx.doi.org/10.21037/atm-21-1854



Page 4 of 13

Table 1 The primers of RT-PCR assays
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Forward Reverse
MMP9 GGGACGCAGACATCGTCATC TCGTCATCGTCGAAATGGGC
JUN AACAGGTGGCACAGCTTAAAC CAACTGCTGCGTTAGCATGAG
ICAMA1 GTATGAACTGAGCAATGTGCAAG GTTCCACCCGTTCTGGAGTC
VCAM1 CAGTAAGGCAGGCTGTAAAAGA TGGAGCTGGTAGACCCTCG
Statistical analysis network nodes in the disease. There were 47 nodes and

The software SPSS 22.0 software (SPSS Inc., Armonk,
NY, USA) was used for statistical analysis. All values are
presented as the mean * standard deviation (SD) of three
independent replicates. Student’s 7-test was performed to
compare differences. Significant differences were indicated

by P<0.05 and P<0.01.

Results
Acquisition of DEGs in PTC
The 105 samples which were downloaded from the GEO

database were separated into two groups, including the
normal group containing 45 normal thyroid samples and
the tumor group containing 60 PTC samples. A total of 904
DEGs were identified from the tumor group compared with
the normal thyroid samples, including 423 up-regulated
genes and 481 down-regulated genes. The identified DEGs
between normal thyroid samples and the tumor group were
presented in a volcano plot (Figure 2A4). The heatmap shows
the gene expression of DEGs (Figure 2B).

Potential targets of celastrol against PTC

The 2D molecular structure of celastrol is shown in
Figure 34. In total 392 targets of celastrol were identified
by using the online database, then 47 common targets
associated with both PT'C and celastrol were summarized
by a Venn diagram (Figure 3B).

The PPI of candidate targets against PTC

In order to illustrate the relationships between the 47
common target proteins, a PPI network was constructed
(Figure 4) which showed the interrelationships in the
development and progression of PTC through the PPI
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100 edges, the average node degree was 4.26, and the local
clustering coefficient was 0.549 in our PPI network. The
color of the node showed the degree of node contribution
in the network and that there was a positive correlation in
the development of PTC. Nodes such as MMP9, JUN,
ICAM1, VCAM1, HMOXI, CASPI1, and MMP1 were
significantly enriched. The top 10 genes in the network
ranked by degrees are shown in Tzble 2. Based on the
results, MMP9, JUN, ICAM1, and VCAMI1 were selected
for further molecular docking experiments.

GO functional and KEGG pathway enrichment analysis

The 47 common genes of celastrol and PTC were further
analyzed for biological processes and KEGG pathways.
Biological processes with high enrichment scores such as
neutrophil activation involved in the immune response,
leukocyte migration, and extracellular matrix organization
were associated with PTC (Figure 5A). The KEGG analysis
results showed that the genes were mainly enriched in the
interleukin-17 (IL-17), nuclear factor kappa-B (NF-«B), and
tumor necrosis factor (TNF) signaling pathways (Figure 5B).
The key pathway as shown in Figure S1.

Hub proteins designation and molecular docking analysis

The molecular docking results showed that there was good
binding between celastrol and the hub proteins, partially
explaining the treatment mechanism of celastrol in PTC.
Celastrol inhibited the development of PTC through
the regulation of targets such as MMP9, JUN, ICAMI1,
and VCAMI1, which was consistent with the results of
NP screening. At the same time, the results of molecular
docking verified the reliability of NP. The docking results
between celastrol ligand and the PTC target protein
receptors are shown in 7able 3 and Figure 6.
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Figure 2 The analysis of DEGs. (A) A volcano plot of DEGs. There were 423 significantly down-regulated genes (green dots) and 481
significantly up-regulated genes (red dots) between the normal group and the tumor group (adjusted P value <0.05, and [logFCI >1).
(B) A heatmap of DEGs. DEGs in the two groups are indicated by green (down-regulated genes) and red (up-regulated genes). DEGs,

differentially expressed genes.
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Figure 3 Potential targets of celastrol against PTC. (A) 2D molecular structure of celastrol. (B) Venn diagram summarizing the common

targets correlated with celastrol and PTC. PTC, papillary thyroid carcinoma.
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Table 2 Top 10 nodes in the network ranked by degree

Rank Name Score
1 MMP9 23
2 JUN 14
3 ICAMA 13
4 VCAM1 12
5 HMOX1 10
6 CASP1 9
7 PLAU 8
8 MMP1 8
9 CTSS 7
10 NOX4 6

In vitro experiment

In order to clarify the mechanism of celastrol on PTC, the
four core genes were measured by using qRT-PCR and
western blot methods. The results were shown in Figure 7.
Compared with control group, the MMP9, ICAM1,
VCAM1 activity of celastrol treatment group has decreased,
however the JUN activity of celastrol group has increased
significantly, which was consistent with the above results.

Discussion

Nowadays, research focused on natural products has gained
more and more attention (28,29). There are many novel
therapeutic drugs derived from natural products that have
been decoded through a combination of NP and molecular
biological analysis (30). This has provided new insights into
the systemic connection between different diseases and
therapeutic targets as a whole, and provides a promising
and powerful tool to clarify disease mechanisms at a systems
level and discover potential active compounds (31).

In the current study, publicly available databases
with information on PTC were integrated to predict
the potential therapeutic targets of celastrol and their
interactions. These results showed that 47 target genes
were up- or down-regulated by celastrol in PTC. After
PPI network analysis, MMP9, JUN, ICAM1, and VCAM1
were identified as the key genes with the highest degrees.
Modifications in matrix metalloproteinases 9 (MMP9),
also known as 92-kDa gelatinase B type IV collagenase,
play a significant role in various human tumors, including
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morphogenesis, differentiation, angiogenesis, metastasis,
and tissue remodeling during tumor invasion (32,33).
Previous studies have reported that MMP?9 is overexpressed
in PTC tissues, and targeted inhibition of MMP9 reduced
migration and invasion in PTC cells (34). JUN, a leucine
zipper protein dimer also known as AP-1, regulates many
important cell processes, including cell proliferation,
survival, apoptosis, invasion, and metastasis (35). In
PTC, the up-regulation of JUN expression played a
potential role in proliferation and transformation (36).
Intercellular adhesion molecule 1 (ICAM1), a member of
the immunoglobulin superfamily, is considered to play an
important role in the inflammatory response and immune
processes (37). It was demonstrated that the overexpression
of ICAMI1 was associated with extrathyroidal invasion
and lymph node metastasis (38). Vascular cell adhesion
molecular 1 (VCAMI), also known as CD106, is also an
important member of immunoglobulin superfamily. It has
been reported that VCAMI overexpression can promote
thyroid tumor cell migration and invasion in vitro (39).

On the basis of GO enrichment analysis, the BP terms
of target gene enrichment mainly focus on the response to
various materials and the biochemical processes of different
substances. Neutrophil activation involved in the immune
response, leukocyte migration, and extracellular matrix
organization are all important in PTC tumorigenesis (40).
Some of the enriched MF terms were related to inflammation,
for instance endopeptidase activity, serine-type endopeptidase
activity, and carbon-oxygen lyase activity. KEGG enrichment
analysis suggested that the celastrol pharmacological action
in PTC is closely related to well-known pathways which
are thought to be associated with tumors, such as the IL-17,
TNE, and NF-kB signaling pathways. The proinflammatory
cytokine IL-17 was shown to be significantly up-
regulated in PTC tissues (41). The overexpression of IL-
17 induces MHC class I expression in PTC and facilitates
tumor antigenicity via the PD-1/PD-L1 signaling
pathway (42). TNF-a is an important cytokine associated
with cell growth, differentiation, and apoptosis (43),
and also plays a significant role in regulating the adhesion
and migration of PTC cells (44). Serum TNF-a level
can serve as an indicator of the risk of benign thyroid
nodule cancerization, and may be a predictive factor in the
occurrence and development of TC and the prognosis of
TC patients (45). NF-kB transcription factors regulate cell
proliferation, invasion, migration, and EMT processes of
PTC cells, and is a key regulatory factor (46). It has been
revealed that targeted inhibition of the NF-«xB signaling
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Figure 5 GO and KEGG analysis. (A) GO enrichment analysis of 47 specialized targets; (B) KEGG pathway enrichment analysis of 47

specialized targets. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Table 3 Molecular docking scores of celastrol with the target proteins (kcal/mol)
Receptor ligand MMP9 JUN ICAMA1 VCAM1
Celastrol -9.3 -9.9 -7.0 -7.6
B JUN

ICAM1

VCAM1

Figure 6 Molecular docking data indicated that the binding capacity of celastrol with PTC was significant in the key targets of MMP9 (A),
JUN (B), ICAM1 (C), and VCAM1 (D). PTG, papillary thyroid carcinoma.

pathway can have a good therapeutic effect against PT'C by
suppressing proliferation and accelerating apoptosis (47).

These results indicate that celastrol can inhibit PTC
through the above mechanisms, which are closely associated
with the key target proteins, biological processes, and
tumor signaling pathways described in this study. Further
experiments and clinical validation are still required to
verify our findings.

© Annals of Translational Medicine. All rights reserved.
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Conclusions

In our study, we first clarified the pharmacological effects
of celastrol against PTC by using NP analysis. A total
of 47 target genes including MMP9, JUN, ICAMI, and
VCAMI were shown to be the hub target proteins for
the anticancer effects of celastrol. On the other hand,
functional enrichment analysis including GO and KEGG
demonstrated that proteins targeted by celastrol were
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Figure 7 The differentially expressed of four core proteins in BCPAP cell line after 24 hrs of celastrol treatment. (A) qRT-PCR was used to
detect the MMP9, JUN, ICAM1, VCAMI expression with or without celastrol treatment. (B) Western blotting analyses of MMP9, JUN,
ICAM1, VCAMLI expression with or without celastrol treatment. **, P<0.01; ***, P<0.001. Data are expressed as means = SD.

markedly enriched in immune microenvironment-related
signaling pathways such as IL-17, NF-kB, and TNE. This
research provides a theoretical basis for further studies of

celastrol in PTC.
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Figure S1 The identified key pathways. Arrows represent the activation effect, and the red rectangles represent the components regulated
by the DEGs that were enriched in PTC. DEGs, differentially expressed genes; PTC, papillary thyroid carcinoma.
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