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Abstract

Background and objectives: Euphorbiasteroid (EUP) is one of the ingredients of traditional Chinese medicinal
plants with anti-inflammatory activity. This study aimed to evaluate the effect of EUP on rheumatoid arthritis (RA).

Materials and methods: Cell Counting Kit-8 (CCK8) and 5-Ethynyl-2'-deoxyuridine (EdU) were performed to
detect the proliferation of fibroblast-like synoviocytes (FLSs). The expression of cytokines was detected by
guantitative real-time polymerase chain reaction (RT-gPCR) and enzyme-linked immunosorbent assay (ELISA).
The Transwell system without the gel was utilized to detect the cell migration. The pro-angiogenesis ability
of HUVECs was detected by tube formation assay. EUP was introduced into the collagen-induced arthritis
(CIA) model to determine its therapeutic effect, as measured by microcomputed tomography (micro-ct) and
hematoxylin-eosin (H&E) staining. AKT1 was enriched by network pharmacology and molecular docking tech-
niques. Western blot, immunofluorescence (IF) and RT-gPCR were conducted to detect the effects of EUP on
AKT1.

Results: When RA FLSs were treated with EUP, the proliferation of RA FLSs decreased in a dose- and time-depend-
ent manner. Furthermore, the production of inflammatory cytokines, cell migration and proangiogenic ability
of RA FLSs were suppressed by the EUP treatment. The in vivo experiments revealed that EUP can significantly
reduce the severity of the CIA model by decreasing the paw thickness, arthritis score, cartilage degeneration,
joint destruction, and serum inflammatory cytokine level. The network pharmacology and molecular docking
predicted AKT1 as the target, in which EUP exerts its
effects. The western blot, IF and RT-gPCR identified
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Table 1. The list of all primers used in the study
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Gene name Sense (5’-3') Antisense (5'-3')
GAPDH (homo) GCA CCG TCA AGG CTG AGA AC TGG TGA AGA CGC CAG TGG A
IL-8 (homo) ATCA CAG GTA GTG AGA CCG A AGC TGA TGT GAA GTA GTT CTT AG
IL-B (homo) ATG ATG GCT TAT TAC AGT GGC A GTC GGA GAT TCG TAG CTG GA
IL-6 (homo) ACT CAC CTC TTC AGA ACG AAT TG CCATCT TTG GAA GGT TCA GGT TG
MMP3 (homo) CTG GACTCC GACACT CTG GA CAG GAA AGG TTC TGA AGT GACC
CCL2 (homo) CAG CCA GAT GCA ATC AAT GCC TGG AAT CCT GAA CCC ACT TCT
TNF-a (homo) TGT GAG GAG GACGAACATC GTG GTCTTG TTG CTT AAA GTT CTA
Introduction discomfort of animals. This study was carried out in accordance with

Rheumatoid arthritis (RA) is a common systemic inflammatory
autoimmune disease characterized by painful, swollen joints that
can severely impair physical function and quality of life.! Inflam-
mation starts in the synovium of the joints, leading to the destruc-
tion of cartilage, bone and other adjacent tissues, and the formation
of pannus. The main reason is that T cells, B cells, macrophages,
dendritic cells (DCs) and synovial cells are induced by their an-
tigens to participate in the immune response, and release inflam-
matory cytokines that mediate cartilage erosion and joint injury.?
In recent years, the use of disease-improving anti-rheumatic drugs
(DMARD:s) has been proven to be effective for disease manage-
ment.> However, long-term treatment with DMARDs is often
poorly tolerated, and some patients do not respond well to existing
treatments, leading to the continuous destruction of joints.* There-
fore, identifying novel treatment strategies for RA remains as the
main focus in this field. In the active stage of RA, pro-inflamma-
tory factors occupy a dominant position. Rebuilding the balance
between pro-inflammatory factors and anti-inflammatory factors
has become an important treatment goal in RA.

Traditional Chinese medicine (TCM) has a long history of
preventing the progression of RA, and the monomers of Chinese
medicine are effective ingredients in Chinese herbal medicine.
Furthermore, the oral administration of these monomers is charac-
terized by low antigenicity, but high safety and patient compliance,
small molecular weights, and relatively stable properties.> EUP is
a tricyclic diterpene found in sesame seeds, which is one of the
TCM plants. This can inhibit the activity of tyrosinase, enhance
the phosphorylation of AMPK, and has a variety of biological
activities, such as anticancer, antiviral, and multidrug resistance
regulation activities.®’ The present study aimed to determine the
therapeutic effects and mechanism of EUP in RA, and reveal its
potential in the treatment of RA.

Materials and methods

Subjects

Synovial tissues were taken from patients (four females and six
males) undergoing joint replacement in Qianfoshan Hospital (The
First Affiliated Hospital of Shandong First Medical University,
Shandong, China). All 10 patients met the 1987 American College
of Rheumatology revised RA diagnostic criteria, and all patients
were informed and agreed to participate in the study. The present
study conformed to the ethics guidelines of the Declaration of Hel-
sinki. All appropriate measures were taken to minimize the pain or

the recommendations in the Guide for the Care and Use of Labora-
tory Animals of the Institutional Animal Care and Use Committee of
Shandong First Medical University & Shandong Academy of Medi-
cal Sciences and the study protocol was approved by the Institu-
tional Review Board of Shandong Medicinal Bio-technology Center
(VCMCO08BRO67). Furthermore, the manuscript was prepared ac-
cording to the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines (Supplementary File 1).

Cell culture, isolation and stimulation

Synovial tissues were treated by collagenase II and III (Solarbio,
China) for the digestion and extraction for RA fibroblast-like syn-
oviocytes (FLSs). Then, these were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 1% penicillin-
streptomycin antibiotic and 15% fetal bovine serum (FBS).

Next, the cells were sub-cultured for 4-6 generations, and seed-
ed in a 24-well plate (3-5 x 10° cells/well). After starvation treat-
ment for 16 hours to avoid the effects of serum on the experiment,
EUP (20 uM and 50 uM) was added. After incubation for approxi-
mately six hours, interleukin (IL) 18 (IL1pB, 10 ng/mL; Solarbio,
China) and tumor necrosis factor-o (TNF-a, 10 ng/mL; Solarbio,
China), or lipopolysaccharide (LPS, 10 ng/mL; Solarbio, China)
were added for another 20 hours.

RT-4PCR

RNA was extracted by Trizol (Vazyme, China). The RT-qPCR
procedure was performed in the Light-Cycler 480 System (Basel
Roche, Switzerland), in order to detect the expression levels of
IL6, IL8, matrix metalloproteinase-3 (MMP3), and C—C motif
chemokine ligand 2 (CCL2). All primers (BGI, China) are pre-
sented in Table 1. Then, all results were calculated using the com-
parative cycle threshold method (2724€T), and the graph was drawn
using Graph Prism 7.04.

Cell viability

Cell viability assays were conducted, as previously described.®
Briefly, 2 x 103 RA FLSs were inoculated in a 96-well plate. When
the cells grew to a suitable density, EUP was added at different
concentrations (20 uM and 50 uM) for 24 hours. Then, CCK-8 (10
uL) was added, and the RA FLSs were cultured at 37°C in a 5%
CO? incubator for one hour. Afterwards, 450 nm of wavelength
was measured on a microplate reader.
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CCK-8 proliferation assay

After RA FLSs were inoculated in a 96-well plate, EUP (20 uM
and 50 pM) was added for 24, 48 and 72 hours. The experiment
was performed according to the instructions of the reagent manu-
facturer (Sigma-Aldrich): 10 pL of CCK-8 reagent was added,
and these were cultured at 37°C in a 5% CO? incubator for one
hour. The determination method was described above as cell vi-
ability.

EdU proliferation assay

The EdU proliferation assay was conducted, as previously de-
scribed.’ A total of 1 x 10* cells were inoculated in a 24-well plate.
Then, EUP (20 uM and 50 uM) was added for 48 hours, and cul-
tured in an incubator. This experiment was performed according
to the instructions of the reagent manufacturer (Ribobio, Guang-
zhou, China). Five fields were randomly selected for counting and
analysis.

Migration and tube formation assay

The migration assay (Transwell) was performed, as previously de-
scribed.!” FLSs were added with EUP (20 uM and 50 pM) for 24
hours. Then, the RA FLSs were trypsinized and inoculated in a
24-well plate chamber (1% penicillin-streptomycin antibiotic and
15% FBS). After adherence to the wall, the medium in the upper
chamber was replaced (1% penicillin-streptomycin antibiotic and
2% FBS, at a total volume of 200 pL). Then, phosphate buffer
saline (PBS) was used to wash the cells after 10 hours. Afterwards,
4% paraformaldehyde was used to fix the RA FLSs for 40 min-
utes, staining was performed with crystal violet for 40 minutes,
and these were washed again with PBS. Subsequently, these were
observed in five randomly chosen fields. The angiogenesis ability
of human umbilical vein endothelial cells (HUVECs) after EUP
(20 uM and 50 pM) treatment was determined by tube formation.
The Matrigel was initially pre-coated in a 48-well culture plate,
and dried in an incubator at 37°C for 50 minutes. Then, the HU-
VECs (5 x 10° cells/mL) were treated with EUP for 24 hours after
stimulation with TNF-a and IL1p. Afterwards, these were trypsi-
nized, resuspended, and seeded to the 48-well plate that contained
the Matrigel. Subsequently, the capillary tube formation of each
well in the culture plate was photographed in five randomly chosen
fields. The experiments were conducted in triplicate.

The CIA model

Twelve male DBA mice (approximately eight weeks old; Vital
River Laboratory Animal Technology, China) were induced into
the CIA model, as previously described.!" The DBA mice were
induced with bovine type II collagen (2 mg/mL, Chondrex, n = 6
mice per group) through intradermal injection at the base of the
tail, twice. The first injection was equally mixed with Freund’s
complete adjuvant (Sigma-Aldrich). After 21 days, a second in-
jection, which was equally mixed with Freund’s incomplete ad-
juvant (Sigma-Aldrich), was administered. After two weeks, the
hind paw thickness and arthritis score were evaluated every three
days. According to the scores, mice were randomly divided into
two groups. The scoring standard was determined, as previously
described.!? The CIA models were injected with the same amount
of EUP, while mice that received an equal amount of dimethyl
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sulfoxide (DMSO) served as the vehicle control (DMSO group).
Mice in the control group did not receive collagen induction. All
appropriate measures were taken to minimize the pain or discom-
fort of the animals. The present study was approved by the Medical
Ethics Committee of the Institutional Review Board of Shandong
Medicinal Biotechnology Center (SMBC2020-07), and the Insti-
tutional Animal Care Committee for the Husbandry, Care and Ex-
perimentation of Animals.

Microcomputed tomography (micro-ct) scanning

Micro-ct (QuantumGX, USA) was used to the scan elbows, knees,
front and back paws of mice. Scanning parameters: x-ray kV: 90
kV; x-ray uA: 88 uA; scan time: 14 minutes; FOV: 18 mm; pixel
size: 36.0 uM; 512 slices were selected to determine the bone mi-
croarchitecture. The tibia trabecular analysis included the relative
volume of the trabecular bone (BV/TV, %), the trabecular bone
density (Tb.BMD, g/cm?), the trabecular bone thickness (Tb.Th,
mm), and the trabecular bone separation (Tb.Sp, mm).

Hematoxylin-eosin (H&E) staining

The elbows and knee joints of mice were fixed using tissue fixative
solution for 18 hours, and decalcified by 10% EDTA for another
28 days. During this period, 10% of the EDTA was replaced every
three days. Then, the samples were submerged in paraffin, sec-
tioned, and stained with the H&E reagent.

Enzyme-linked immunosorbent assay (ELISA)

Cells were cultured and stimulated, as described above.!? Then, the
supernatant was collected and diluted at a certain proportion (1:4).
Afterwards, the diluted antibody was added to the 96-well plate,
centrifuged at 300 rpm/min, and incubated at room temperature
for 1.5 hours. Then, the plate was washed, enzyme was added for
incubation, the substrate for color development was added, cells
were terminated, the dual wavelength was detected and analyzed,
and the expression of IL6, IL8 and MCP1 in the supernatant of RA
FLSs was measured, according to manufacturer instructions (R&D
Systems, USA).

Target prediction

The PubChem database was used to determine the EUP chemical
structure, SMILES file, molecular weight and PubChem CID, and
predict the target of EUP through TCMSP, STITCH, Swiss Target-
Prediction, and other databases. Through the GeneCards (www.gen-
ecards.org/), NCBI-Gene (www.ncbi.nlm.nih.gov/gene), DrugBank
(www.drugbank.ca/) and OMIM (www.omim.org/) databases, the
inflammation-related targets were identified, with RA as the key-
word, and all targets were summarized according to gene name.
Then, the predicted effects of EUP and rheumatoid-related targets
were compared. The intersection was determined using a Venn dia-
gram, and KEGG analysis was performed for these targets.

Immunofluorescence (IF)

Cells were seeded in a 48-well plate, and RA FLSs were treated
with EUP (20 uM) for 24 hours, as described above. Then, these
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were incubated with AKT1 (ab182928, 1:1,000; Abcam, Cam-
bridge, MA, USA) overnight. Afterwards, these were incubated
with the secondary antibody (1:10,000; ZSJQB Co., Ltd., China),
and stained with DAPI (249167, Sigma-Aldrich). Subsequently,
these cells were observed by laser confocal microscopy, and pho-
tographed.

Western blot

RA FLSs were treated and collected in ice-cold lysis buffer, as
previously described.!> The program for the western blot was set
at 80 V (20 minutes) and 120 V (60 minutes), and polyvinylidene
fluoride (PVDF) membranes (IPFL00010; Merck, China) were
used to transfer the proteins. Next, AKT1, P-AKT1 and GAPDH
were incubated for 12-24 hours at room temperature. Then, the
HRP-conjugated goat anti-rabbit 1gG (Proteintech, China) was
incubated for 80 minutes at 20°C. AKT1 (ab182928, 1:1,000),
b182921 (ab278559) and GAPDH (ab8245) were purchased from
Abcam (Cambridge, USA).

Small interfering RNA transfection

RA FLSs were treated with pro-inflammatory factors, as described
above. After the RA FLSs grew to 70% confluence, the cells were
transiently transfected with the siRNA of AKT1 and vehicle con-
trol (normal controls). The detailed procedures were performed, as
previously described!® (siAKT1: sense, 5'-GGA GGG UUG GCU
GCA CAA ATT-3'; anti-sense, 5-UUU GUG CAG CCA ACC
CUC CTT-3").

Statistics

The data were presented as mean * standard deviation (SD).
Since the scores for arthritis and paw swelling did not meet the
requirements for homogeneity of variance, Mann—Whitney U-
test was used. The other results were assessed by analysis of vari-
ance (one-way ANOVA), followed by Tukey’s honest significant
difference test. A p-value of <0.05 was considered statistically
significant.

Results
EUP reduced the proliferation of RA FLSs

The chemical structure of EUP is presented in Figure la. In order
to determine the effects of EUP on RA FLSs, the cytotoxicity was
initially analyzed. The cell viability results of the CCK-8 assay
revealed that EUP does not affect cell growth at 0-10 pM, when
compared to the DMSO group. However, EUP treatment at 20-100
UM can significantly reduce the viability of FLSs (Fig. 1b) in a
time- and dose-dependent manner with the simultaneous stimu-
lation of IL1P and TNF-a. Therefore, EUP at concentrations of
20 uM and 50 uM were selected for the subsequent experiments.
The detailed analysis results for the cell proliferation analyzed by
CCK-8 assay revealed that cell proliferation decreases in a dose-
and time-dependent manner, when RA FLSs are activated by IL1B
and TNF-a, and are exposed to EUP (20 uM and 50 uM) (Fig. 1c).
Furthermore, the inhibitory effect of EUP was also duplicated by
the EAU assay (Fig. 1d).
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EUP treatment ameliorates the arthritis phenotype of RA FLSs

In order to determine whether EUP plays a role in anti-RA, the
effect of EUP on the inflammatory phenotype of RA FLSs was
analyzed. The stimulation with TNF-a and IL1p significantly in-
duced the expression of inflammatory cytokines, including IL6
(Fig. 2a), IL8 (Fig. 2b), CCL2 (Fig. 2c) and MMP3 (Fig. 2d),
at the mRNA level. However, this induction was attenuated by
the EUP treatment (Fig. 2a—d). The supernatant of the RA FLSs
was collected and diluted at a ratio of 1:4 for the subsequent in-
flammatory cytokine (IL1f and IL8) assays. Similar effects were
also found in the ELISA results, in which the secretion of IL1§
(Fig. 2e) and IL8 (Fig. 2f) in the supernatant of RA FLSs was
analyzed.

In addition, since extensive synovial hyperplasia and aggres-
sive inflammation are the physiological characteristics of RA,!?
the migration of RA FLSs was detected. The results revealed that
the migration ability of RA FLSs significantly increased upon ac-
tivation of the stimulation of TNF-a and IL1J (10 ng/mL) (Fig.
2g-h). However, this increase almost disappeared when RA FLSs
were treated with EUP (20 uM and 50 uM).

Furthermore, the angiogenic ability of HUVECs, with or with-
out EUP treatment, was determined by tube formation assay. The
results revealed that EUP can inhibit the number of tube forma-
tions in HUVECsS (Fig. 2i), when compared to those from parental
control cells.

Effect of EUP on the collagen-induced CIA model

Next, the therapeutic effect of EUP (10 mg/kg) in the CIA model
was detected. The paw thickness and swelling of arthritis were
scored every three days. Compared to the DMSO group, the paw
thickness decreased in the CIA model (Fig. 3a-b), and the swelling
of arthritis (Fig. 3c) was significantly alleviated after EUP treat-
ment. In order to assess the therapeutic potential of EUP, micro-
ct was performed to quantify the bone destruction of the distal
tibia and paws through a three-dimensional (3D) microstructure.
It was found that BV/TV, Tb.Th and Tb.BMD significantly de-
creased, while Tb.Sp increased in the DMSO group. However,
this induction was attenuated by the EUP treatment (Fig. 3d-g).
Furthermore, compared to the DMSO group, the results in the 3D
figures revealed that the degree of bone destruction was attenu-
ated. Furthermore, the H&E staining also revealed that the degree
of synovial hyperplasia and cartilage degeneration decreased in the
EUP treatment group (Fig. 3h—i).

Mice serum was collected and diluted at a ratio of 1:2 for the
subsequent cytokine (IL1B, TNF-a and CCL2) assays. The re-
sults revealed that the expression levels of IL1p (Fig. 3j), TNF-a
(Fig. 3k) and CCL2 (Fig. 31) significantly decreased in the EUP
treatment group, when compared to the DMSO group. These re-
sults further support the notion that EUP treatment can reduce the
level of chemokines. Furthermore, the inflammatory cytokines
in mice ameliorated the physiological and biochemical charac-
teristics.

Identifying the target genes of EUP

Online tools were used to predict the potential targets of EUP. A
total of 21 potential targets of EUP were identified to be associated
with RA by network pharmacologic analysis (Fig. 4a). According
to the KEGG analysis, these potential targets mainly affect the
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Fig. 1. EUP reduced the proliferation of RA FLSs. (a) The chemical structure of EUP. (b) The cytotoxicity analysis using CCK-8 in RA FLSs treated with different
concentrations of EUP. (c) Cell proliferation using the CCK-8 proliferation assay in RA FLSs treated with EUP (20 uM and 50 puM). (d) Cell proliferation using
EdU proliferation assay in RA FLSs treated with 20 uM and 50 uM of EUP (100x). The results were analyzed by one-way ANOVA, followed by Tukey’s honest
significant difference test. ns: non-significant, *p < 0.05, **p < 0.01, vs. the indicated control group. EUP, Euphorbiasteroid; FLS, fibroblast-like synoviocytes;

RA, rheumatoid arthritis.

signaling pathways in measles, toxoplasmosis, osteoclast differ-
entiation, apoptosis, and hepatitis B and C, the prolactin signaling
pathway, the toll-like receptor signaling pathway, and folate bio-
synthesis (Fig. 4b). The STRING analysis revealed that AKT1 was
at the key node (Fig. 4c). Through molecular docking technology,
it was identified that EUP interacts with the THR160, THR312 and
LYS276 of AKT1 (PDB: 4gv1) via hydrogen bonds (Fig. 4d), and
PHEI161, PHE442, LEU298 and GIU278 via hydrophobic interac-
tion. Among these, GLU278 is commonly used as the binding site

of AKT1 inhibitors.'*15 All these data show that AKT1 may play
a major role in inhibiting EUP in the toll-like receptor signaling
pathway.

EUP inactivates the toll-like receptor signaling pathway via
AKTI

In the KEGG prediction and molecular docking analysis, focus
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measured by RT-gPCR. (e—f) The ELISA results in the supernatant of FLSs. (g) RA FLSs were collected, and the Transwell apparatus was used to measure the
cell migration (100x). (h) The tube formation assay (100x) results revealed the angiogenic ability of HUVECs, with or without EUP treatment. The levels of
the inflammatory factors were statistically analyzed by Tukey’s test, vs. the indicated control group. *p <0.05, **p < 0.01, each experiment was performed

in triplicate.

was given on the toll-like receptor signaling pathway and its target
protein, AKTI.

The activation of the toll-like receptor signaling pathway in
response to LPS activation was initially detected. The results re-
vealed that LPS increased the expression of IL1B, TNF-a and IL6,
which play an important role in the toll-like receptor signaling
pathway. However, this induction was attenuated by the EUP treat-
ment on RA FLSs (Fig. Sa—c).

Next, the intracellular expression of AKT1 was detected. Com-
pared to the DMSO group, less AKT1 protein entered the nucleus
after EUP treatment, in response to IL1 and TNF-a (10 ng/mL)
(Fig. 5d). The western blot results revealed that the phosphoryl-

ated level of AKT1 (Ser473) increased after the activation IL1f
and TNF-a. However, this induction was apparently attenuated by
the EUP treatment (20 uM and 50 pM). The total AKT1 protein
expression level was not affected by the challenge of EUP (Fig.
5e). In order to further confirm the correlation between the anti-
RA effect of EUP and the toll-like receptor signaling pathway via
AKT1, AKT1 was further silenced. Through stimulation, the RT-
gPCR results revealed that the levels of IL1p, TNF-a, IL6, ILS,
MMP3 and CCL2 (Fig. 5f-k) decreased after EUP treatment or
AKT1 knockdown. However, no additional decrease was observed
after the cells were treated with EUP and AKT1 knockdown (Fig.
5g—k), except for IL6 (Fig. 5f). These results prove that EUP can
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slow down the occurrence and development of RA via the AKT1-
mediated toll-like receptor signaling pathway.

Discussion

RA is characterized by persistent synovitis with excessive pro-

224

duction and expression of TNF-q, and excessive release of pro-
inflammatory cytokines. FLSs abnormally proliferate, invade the
cartilage, and cause joint destruction.'®!” RA treatment ranges
from the use of nonsteroidal anti-inflammatory drugs (NSAIDs)
and DMADs to biological agents (such as TNF-o inhibitors),!8
glucocorticoids and corresponding surgical measures, but none of
these can completely treat RA. Due to the dilemma of effective
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Fig. 5. EUP exerts anti-arthritis effects through the toll-like receptor signaling pathway. (a—c) After exposure to LPS, the levels of IL1B, TNF-a and IL6 were
determined by RT-gPCR. (d) The intracellular expression of AKT1 was detected by IF. (e) The western blot results revealed the protein levels of p-Akt (Ser473),
Akt and GAPDH in RA FLSs treated with 20 uM and 50 uM of EUP. (f—k) The levels of IL6, IL1B, TNF-a, IL8, MMP3 and CCL2 were detected by RT-qPCR. All
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test. ns: non-significant, *p < 0.05, **p < 0.01, vs. the indicated control group. FLS, fibroblast-like synoviocytes; LPS, lipopolysaccharide; MMP, matrix metal-
loproteinase; RA, rheumatoid arthritis.

treatment options for patients, the development of new drugs is
urgently needed.'®?

There are a variety of TCMs in China. For example, astraga-
loside IV (AS-1V) is a cycloartane-type chemical and steroidal

glycoside, which exhibits pharmacological effects on anti-cancer
and anti-inflammatory, has roles in the enhancement of resistance
of the immune system, and attenuates the ability of migration and
invasion of cancer cells. Its function is similar to EUP. The phar-
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macological effects of AS-IV are associated with the inactiva-
tion of multiple signaling pathways, such as the RAF-MEK-ERK
pathway and PI3K/Akt/NF-xB pathway.?! Similarly, resveratrol
regulates immunity by interfering with immune cell regulation,
proinflammatory cytokine synthesis, and the gene expression.??
EUP is well-known for its biological activities. In the present
study, it was found that EUP decreased the secretion of inflam-
matory factors to slow down the occurrence and development of
RA. Data has shown that several phytochemicals with terpenic or
phenolic structures are isolated from Euphorbia lathyris. EUP is
isolated from Euphorbia lathyris, and has multidrug resistance
(MDR)-reversing activity.?? Recent studies have shown that EUP
can inhibit adipogenesis in 3T3-L1 cells by activating the AMPK
pathway.” EUP has also been used as a TCM to treat cancer. In
the present study, it was found that EUP treatment can amelio-
rate the arthritis phenotype of RA FLSs. More importantly, EUP
treatment can suppress the severity of RA in CIA models. Thus,
these present results suggest that EUP has potential in the treat-
ment of RA.

In recent studies, network pharmacology has been applied to
predict the targets of various drugs. This ended the traditional
model of drug development dominated by “one drug, one tar-
get, one disease,” and introduced a new model of research on
the complex network relationships between multiple targets
and multiple diseases.?*?5 In order to explore the molecular
mechanism of EUP in the treatment of RA, network pharmacol-
ogy was used to analyze the possible targets. Through network
pharmacology, the KEGG pathway analysis of different expres-
sion levels of genes indicated that these genes are enriched in
the pathway of osteoclast differentiation, apoptosis, the toll-like
receptor signaling pathway, and folate biosynthesis. Importantly,
the toll-like receptor signaling pathway has been proven to be
associated with the development of RA.26:7 In the present study,
STRING analysis and molecular docking were utilized, and it
was predicted that AKT1, the key component in the toll-like
receptor signaling pathway, is a potential target of EUP. AKT1
is ubiquitously expressed at high levels, suggesting the role of
AKTT1 in regulating cell function. After activation, AKT1 enters
the nucleus and regulates a variety of cell activities, including
cell proliferation and apoptosis, and its activity depends on the
experimental condition.?® Furthermore, AKT1 is also a crucial
molecule in activating the NF-xB signaling pathway.?’ All NF-
kB and Akt pathways are also involved in the anti-proliferative
and anti-inflammatory effects of pitavastatin.’® In the present
study, the data revealed that EUP inactivates the toll-like recep-
tor signaling pathway by inhibiting the nuclear translocation of
AKTT1 and its downstream effectors, further confirming the anti-
arthritis role of EUP in RA.

Future directions

EUP is one of the major components of TCM, which has antivirus,
antitumor, and other biological activities. The present study identi-
fied the novel role of EUP in RA treatment from a series of pheno-
typic and animal experiments. The detailed analysis also revealed
that AKT1 serves as the potential target of EUP in RA, which pro-
vides a theoretical and experimental basis for EUP application in
RA treatment. However, this still needs to be proven through clini-
cal trials. The target of EUP was identified through network phar-
macology and molecular docking technology, further confirming
the importance of network pharmacology in target searching, and
providing a theoretical basis for its application.

Fan H. et al: EUP relieves severity of rheumatoid arthritis

Conclusions

EUP can ameliorate the inflammatory phenotype of RA FLSs, and
delay inflammatory progression and joint destruction in the CIA
model. Furthermore, it was identified that EUP exerts its anti-RA
effects through the toll-like receptor signaling pathway and its key
component, AKT1, which was taken as a potential target. The pre-
sent study revealed that EUP may be effective in RA treatment,
although further studies are needed to clarify its potential for clini-
cal tests.
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