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Background: Cystitis glandularis (CG) is a proliferative lesion of the bladder mucosa, and the incidence rate of CG has increased
year by year. Considering the potential function of β-sitosterol in CG, we aim to fathom its effect and mechanism of CG.
Methods: Primary human cells isolated from CG patients and following transfection as needed, were treated with different
concentrations of β-sitosterol. Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assay, and transwell assay was used to test the cell migration. Meanwhile, co-immunoprecipitation was employed to evaluate the
interaction between 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR) andNLR family pyrin domain containing 3 (NLRP3).
Additionally, pyroptosis-associated proteins and HMGCR expressions were tested using western blot or quantitative real-time
reverse transcription polymerase chain reaction.
Results: β-sitosterol suppressed cell viability and migration, enhanced cell pyroptosis, and upregulated expressions of NLRP3,
Cleaved Caspase-1, interleukin-1β (IL-1β), gasdermin D-N-terminal domain (GSDMD-N), and HMGCR in CG primary cells
(p < 0.05). HMGCR silencing promoted cell viability and migration, inhibited cell pyroptosis, and downregulated expressions
of NLRP3, Cleaved Caspase-1, IL-1β, and GSDMD-N in β-sitosterol-affected CG primary cells (p < 0.05). HMGCR interacted
with NLRP3.
Conclusions: β-sitosterol alleviates the proliferation and migration of CG-associated cells by targeting HMGCR to induce
NLRP3-dependent pyroptosis. These findings confirmed the therapeutic effect of β-sitosterol on treating CG.
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Introduction
Cystitis glandularis (CG) is a proliferative bladder dis-

ease, and its incidence has increased annually [1,2]. The
clinical presentation of it mainly includes lower urinary
tract symptoms, including painful urination, urinary ur-
gency and frequency, dyspareunia, and haematuria [3,4].
At present, the causes of CG have been partly established,
with bladder stones, urinary tract infections, and lower uri-
nary tract obstruction as the main ones [5]. Also, intrav-
esical infusion of drugs, including anti-inflammatory med-
ications and antibiotics, have been approved for the clinical
pharmacological treatment of CG [6]. However, antibiotics
used to treat CG may lead to unexpected adverse effects.
Collectively, the way to search for promising therapeutic
agents for CG is imperative to consider.

In this study, we previously found that clearing heat
and freeing strangury prescription were shown efficacy
in relieving CG. Further, after the analysis of the herbal

components of clearing heat and freeing strangury pre-
scription, we discovered that Lysimachia christiniae Hance
and Taraxacum mongolicum, as the main ingredients, may
contain β-sitosterol [7]. β-sitosterol has potent anti-
inflammatory, anticancer, and antiproliferative effects [8,
9]. Additionally, several reports have observed that β-
sitosterol exhibits a therapeutic effect on the treatment of
various diseases, including ovarian cancer [10], prostate
cancer [11], and liver injury [12]. It has been underscored
to play a part in preventing and treating cancers by block-
ing the proliferation and promoting the apoptosis of cancer
cells [13]. Yet the specific role of β-sitosterol in CG is still
far from understood. Hence, the present study aims to ex-
plore whether β-sitosterol has a therapeutic effect on CG
and its precise mechanism in CG.

Further, the prediction by SwissTargetPrediction (ht
tp://swisstargetprediction.ch/) revealed in this study that β-
sitosterol can target 3-hydroxy-3-methylglutaryl-CoA re-
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ductase (HMGCR). HMGCR, an oxidoreductase, has been
proven to interact with the NLR family pyrin domain con-
taining 3 (NLRP3) [14]. Interestingly, it has been demon-
strated that β-sitosterol can regulate NLRP3 to suppress tu-
mor growth, inflammation, and infection [15]. More im-
portantly, it has been acknowledged that NLRP3 mediates
pyroptosis [15,16]. Pyroptosis is commonly defined as a
kind of proinflammatory programmed cell death, which is
associated with the progression of many diseases [17–19].
It plays an important role in developing and progressing
many inflammation-related pathologies [20,21]. However,
the role of pyroptosis in CG needs to be elucidated.

Taken together, the present study focused on reveal-
ing the underlying role of β-sitosterol in CG. By carrying
out corresponding in-vitro analysis, we first shed light on
the effect of β-sitosterol on alleviating the proliferation and
migration of CG-associated cells, which was achieved by
targeting HMGCR to induce NLRP3-dependent pyroptosis.

Materials and Methods

Cell Isolation, Culture, and Transfection
According to the processes mentioned in the prior

study [1], primary cells were isolated from CG specimens
of corresponding patients (n = 6). Briefly, CG specimens
were cut and placed in a culture flask. Next, 0.1% type II
collagenase solution (17101015, Thermo Fisher Scientific,
Waltham, MA, USA) was added to the culture flask, and
then tissues were digested in Heracell™ VIOS 160i CO2

incubator (51033559, Thermo Fisher Scientific, Waltham,
MA, USA) with 5% CO2 and 37 °C. When the tissue was
dispersed into clusters or individual cells, digestion was
immediately terminated, and then undigested broken tis-
sue was filtered out using a 200 mesh stainless steel sieve.
After that, the liquid was transferred into a centrifuge tube
and centrifuged (800 rpm) at room temperature for 5 min-
utes. After the supernatant was discarded, the cells were
added with 8 mL of Dulbecco’s modified Eagle’s medium
(DMEM, 11965084, Thermo Fisher Scientific, Waltham,
MA, USA) enriched with 10% fetal bovine serum (FBS,
S9030, Solarbio, Beijing, China) and 100 U/mL penicillin-
streptomycin (60162ES76, Yeasen, Shanghai, China) to in-
cubate in a 5% CO2 incubator at 37 °C for 24 hours. Af-
ter that, cells were collected and maintained in DMEM
complete medium with the condition of 37 °C and 5%
CO2, and cells were routinely tested for short tandem re-
peat (STR) identification and mycoplasma contamination
and confirmed to be mycoplasma-free.

For the cell transfection, the sense oligo and antisense
oligo sequences of HMGCR were inserted into the short
hairpin RNA (shRNA) expression vector pGPU6 (C01001,
GenePharma, Shanghai, China) while the corresponding
negative control (shNC) was also gained from here.
The corresponding sequences were listed as follows:
short hairpin RNA against HMGCR (shHMGCR)-1,

sense: 5′-GGTTTAGAGTTACATTCAA-3′, antisense,
5′-TTGAATGTAACTCTAAACC-3′; shHMGCR-2,
sense: 5′-GCTTGTTGTGAGAATGTTA-3′, antisense,
5′-TAACATTCTCACAACAAGC-3′; shHMGCR-3,
sense: 5′-GCTTGTTCTAGTCAGTCAA-3′, antisense,
5′-TTGACTGACTAGAACAAGC-3′. Thereafter, col-
lected CG primary cells were seeded in a 96-well plate
with 1 × 104 cells in each well to gain a 90% confluent
monolayer. Next, the lipofectamine™ 3000 transfection
reagent ordered from Thermo Fisher Scientific (L3000001,
USA) was used to transfect shHMGCR or shNC into CG
primary cells following the manufacturer’s instructions.
In short, shRNA (4 pmol) and lipofectamine™ 3000
transfection reagent (0.2 µL) were diluted with Opti-MEM
media and P3000 reagent, followed by a 10-min incubation
at 37 °C to gain the gene-lipid complexes. Following the
incubation, CG primary cells were further incubated with
gene-lipid complexes for 48 h with the condition of 37 °C.

Cell Treatment
In the present study, to delve into the function of

β-sitosterol in CG primary cells, β-sitosterol was or-
dered from Sigma-Aldrich (43623, Darmstadt, Germany)
and prepared through dissolving in 100% ethanol (64-17-
5, Sigma-Aldrich, Germany) and diluted in the culture
medium to the final concentrations of 0, 1, 10, and 20
µM. After the preparation of different concentrations of β-
sitosterol in this study, the CG primary cells were treated
with 0, 1, 10, and 20 µM β-sitosterol for 24 h at 37 °C [22].

Quantitative Real-Time Reverse Transcription
Polymerase Chain Reaction (qRT-PCR)

In detail, the total RNA isolation from CG primary
cells was achieved through an RNeasy mini kit (74104,
Qiagen, Hilden, Germany), after which a spectrophotome-
ter (ND-2000, Thermo Fisher Scientific, USA) was em-
ployed to quantify its concentration. Next, the Prime-
Script™RT reagent kit (RR037A, TaKaRa, Beijing, China)
was used to finish complementary DNA (cDNA) synthe-
sis. qRT-PCR was proceeded on the LightCycler® 96 Sys-
tem (Roche, Switzerland, France) with the help of Re-
alQ Plus Master Mix Green (Ampliqon, Odense C, Den-
mark) at the indicated cycling conditions: 95 °C for 15
min, followed by 40 cycles of 95 °C for 15 s, and 60
°C for 1 min. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) served as an internal control, and the 2−∆∆CT

method [1] was employed to quantify the relative mRNA
expression.

We listed the corresponding primer se-
quences as follows: HMGCR: forward, 5′-
AATGGATGTCGCACACAAGAG-3′; reverse, 5′-
CCCCACTATGACTTCCCAGG-3′; GAPDH: forward,
5′-TCCTCCGGGTGATGCTTTTC-3′; reverse, 5′-
TTCCCGTTCTCAGCCTTGAC-3′.

https://www.discovmed.com/


152

3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT) Assay

After CG primary cells transfected with/without shH-
MGCR were treated with 0, 1, 10, and 20 µM β-sitosterol,
we used an MTT assay kit (M1020, Solarbio, China) to
test the cell viability. In detail, CG primary cells (5 × 103
cells/well) were first maintained in a 96-well plate and incu-
bated for another 48 h at 5% CO2 and 37 °C. After that, 10
µLMTT solution was added into each well, and another 4 h
incubation was proceeded at 37 °C. Later, 110 µL formazan
dissolving solution was added to each well. Finally, each
well’s optical density (OD) value at 490 nm was recorded
by a microplate reader (GM2010, Promega, Madison, WI,
USA). Cell viability = (OD value of experimental well –
OD value of blank well)/OD value of empty well × 100%.

Transwell Assay
After CG primary cells transfected with/without shH-

MGCR were treated with β-sitosterol, we evaluated the
migration of CG primary cells via transwell assay. More
specifically, 2× 105 CG primary cells were resuspended at
serum-free DMEM medium (100 µL) and then added into
the upper Transwell chamber (8.0-µm pore size, CLS3464,
Corning Life Sciences, Corning, NY, USA) at 37 °C. After
24 h incubation, the cells that had migrated into the lower
chambers containing DMEM medium (100 µL, with 10%
FBS) were fixed by 4% paraformaldehyde (P6148, Sigma-
Aldrich, Germany) for 10 min at 4 °C. Finally, the cells
were stained by crystal violet (G1062, Solarbio, China) for
30 min at room temperature and washed with phosphate
buffer saline (PBS, 41403ES76, Yeasen, China). The num-
ber ofmigratory cells was counted under a Leica DM4Pmi-
croscope (LeicaMicrosystems, Wetzlar, Germany) at×250
magnification. Cell migration rate = (scratch width at 0 h
– scratch width after 24 h culture)/scratch width at 0 h ×
100%.

Flow Cytometry
The cell suspension was incubated with FAM-YVAD-

FMK in the Caspase-1 detection kit (C1111-20, Applygen,
Beijing, China) for 60min at room temperature in the dark.
After centrifugation, the supernatant was removed, and the
cell pellet was washed twice with PBS. Next, cells were re-
suspended in propidium iodide (PI) staining buffer and kept
on ice. At last, the cells were analyzed by a flow cytometer
(iQue 3, Sartorius, Shanghai, China), and pyroptosis was
defined as double positive for Caspase-1 and PI staining.

Co-Immunoprecipitation (Co-IP)
In the present study, the interaction between HMGCR

and NLRP3 in CG primary cells was determined via Co-IP
assay with the help of a Co-IP kit (abs955, Absin, Shang-
hai, China). More specifically, according to the proto-
col mentioned by manufacturer, lysis buffer enriched with
the supplementation of protease and phosphatase inhibitor

(P1045, Beyotime, Shanghai, China) was used to prepare
CG primary cells, after which 500 µL cell lysate was in-
cubated with 5 µg HMGCR antibody (ab242315, Abcam,
Cambridge, UK), NLRP3 antibody (ab263899, Abcam,
UK), or with control IgG (ab205718, Abcam, UK) at 4 °C
overnight. Next, 5 µL Protein A and 5 µL Protein G were
added into the cell lysate, followed by a 3 h incubation at 4
°C and 1-min centrifugation at 12,000 ×g. At the end, 0.5
mL Wash buffer was used to elute the protein complexes,
followed by western blot analysis.

Western Blot
The total protein from CG primary cells was extracted

through RIPA Lysis Buffer (P0013C, Beyotime, China) by
supplementing protease and phosphatase inhibitors (P1045,
Beyotime, China). Then, the determination of the pro-
tein concentration was proceeded using bicinchoninic acid
(BCA) protein quantification kit (BCA1, Sigma-Aldrich,
Germany), after which the protein samples were separated
on 12% and 6% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) gels (P0012A, Beyotime,
China), and transferred onto polyvinylidene fluoride mem-
branes (88585, Thermo Fisher Scientific, USA). Subse-
quently, the membranes were blocked with 5% bovine
serum albumin (BSA, SW3015, Solarbio, China) for 1 h at
room temperature, after which the membranes were incu-
bated with primary antibodies: NLRP3 antibody (1:1000,
ab263899, 118 kDa, Abcam, UK), Pro-Caspase-1 antibody
(1:1000, ab1872, 51 kDa, Abcam, UK), Cleaved Caspase-1
antibody (1:1000, #4199, 22 kDa, Cell Signaling Technol-
ogy, Danvers, MA, USA), interleukin-1β (IL-1β) antibody
(1:1000, ab216995, 29/35 kDa (pro IL-1β), 17 kDa, Ab-
cam, UK), gasdermin D-N-terminal domain (GSDMD-N)
antibody (1:1000, ab215203, 31 kDa, Abcam, UK), and the
internal reference GAPDH (1:1000, #5174, 37 kDa, Cell
Signaling Technology, USA) at 4 °C overnight, and fur-
ther incubated with horseradish peroxidase (HRP)-labeled
Mouse anti-Rabbit IgG (1:2000, ab205718, Abcam, UK) at
room temperature for 1 h.

Finally, for the visualization process, the proteins were
subjected to the Super Signal West Dura Extended Dura-
tion Substrate (34076, Thermo Fisher Scientific, USA) and
Odyssey imaging system (LI-COR Biosciences, Lincoln,
NE, USA). The protein band intensity was detected using
ImageJ software (3.0 version, National Institutes of Health,
Bethesda, MA, USA).

Statistical Analyses
All data were expressed as mean± standard deviation

(SD) and analyzed inGraphPad Prism 8 (GraphPad, Inc., La
Jolla, CA, USA). Data among multiple groups were com-
pared with a one-way analysis of variance, and Tukey’s test
was selected as the post-hoc analysis. The statistical signif-
icance was defined when the p-value was below the thresh-
old of 0.05.
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Fig. 1. β-sitosterol suppressed viability and migration but promoted pyroptosis in cystitis glandularis (CG) primary cells. (A–E)
After primary cells isolated from CG specimens of the patients were treated with 0, 1, 10, and 20 µM β-sitosterol for 24 h, viability was
measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (A), migration was tested by transwell assay
(B,C; scale: 50 µm; magnification: ×250), and pyroptosis was determined by flow cytometry (D,E). θp < 0.05, θθθp < 0.001 vs. 0.
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Fig. 2. β-sitosterol induced NLR family pyrin domain containing 3 (NLRP3)-dependent pyroptosis and upregulated 3-hydroxy-
3-methylglutaryl-CoA reductase (HMGCR) expression in CG primary cells. (A–G) After primary cells isolated from CG specimens
of the patients were treated with 0, 1, 10, and 20 µM β-sitosterol for 24 h, the protein expressions of NLRP3), Cleaved Caspase-1,
interleukin-1β (IL-1β), gasdermin D-N-terminal domain (GSDMD-N), and HMGCR in CG primary cells were evaluated by western
blot, with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a loading control. θθp < 0.01, θθθp < 0.001 vs. 0.

Results

β-Sitosterol Suppressed Viability and Migration and
Induced Pyroptosis in CG Primary Cells

To verify the effects of β-sitosterol in CG, primary
cells isolated from CG specimens of the patients with
CG were treated with 0, 1, 10, and 20 µM β-sitosterol.
The subsequent analysis of MTT (Fig. 1A) and Transwell
(Fig. 1B,C) exhibited that viability and migration of the CG
primary cells decreased after the treatment of 1, 10, and 20

µM β-sitosterol (p < 0.05), predicting that β-sitosterol in-
hibited the viability and migration of CG primary cells. In
addition, flow cytometry displayed that 1, 10, and 20 µM
β-sitosterol markedly increased the ratio of Caspase-1 and
PI double-positive cells (Fig. 1D–E, p < 0.001), indicat-
ing the potential of β-sitosterol to promote cell pyropto-
sis. In light of the published research, NLRP3 mediates
pyroptosis, and Cleaved Caspase-1, IL-1β, and GSDMD-
N are all the markers of pyroptosis [15]. Hence, we also
determined the expressions of NLRP3, Cleaved Caspase-
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Fig. 3. HMGCR silencing promoted viability and migration but inhibited pyroptosis of β-sitosterol-affected CG primary cells.
(A,B) We transfected shHMGCR into CG primary cells to verify the effects of HMGCR in CG, which was confirmed to be successful
through qRT-PCR and western blot, with GAPDH as a loading control. (C–G) After the transfection and β-sitosterol (10 µM) treatment in
CG primary cells, viability was measured byMTT assay (C), migration was tested by Transwell assay (D,E; scale: 50 µm; magnification:
×250), and pyroptosis was determined by flow cytometry (F,G). ∗∗∗p < 0.001 vs. shNC. ^^^p < 0.001 vs. Control. +++p < 0.001 vs.
β-sitosterol+shNC. shHMGCR, short hairpin RNA against HMGCR; qRT-PCR, quantitative real-time reverse transcription polymerase
chain reaction; shNC, negative control.

1, IL-1β, and GSDMD-N in the CG primary cells, and the
results showed that 1, 10, and 20 µM β-sitosterol led to
the upregulated expressions of NLRP3, Cleaved Caspase-
1, IL-1β, and GSDMD-N in CG primary cells (Fig. 2A–
E, p < 0.01). From the above results, we believe that β-
sitosterol could induce NLRP3-mediated pyroptosis in CG
primary cells. Besides, considering the targeted relation-
ship between β-sitosterol and HMGCR and the interaction
between HMGCR and NLRP3, the expression of HMGCR
in CG primary cells was also determined. From the results
in Fig. 2F,G, it was clear that 1, 10, and 20 µM β-sitosterol
caused the upregulated expression of HMGCR in CG pri-
mary cells (p< 0.001). Since we found that the β-sitosterol

significantly impacted cell behaviors and protein expres-
sion starting from a concentration of 10 µM (p < 0.001),
this concentration of β-sitosterol was chosen in subsequent
experiments.

HMGCR Silencing Promoted Viability and Migration
and Suppressed Pyroptosis in β-Sitosterol-Treated
CG Primary Cells

Then, to reveal the specific role of HMGCR in CG pri-
mary cells, we transfected shHMGCR-1/2/3 into CG pri-
mary cells, which was confirmed to be successful as ev-
idenced by the downregulated expression of HMGCR in
CG primary cells (Fig. 3A,B, p < 0.001). ShHMGCR-
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Fig. 4. HMGCR interactedwithNLRP3, andHMGCR silencing suppressedNLRP3-dependent pyroptosis in β-sitosterol-affected
CGprimary cells. (A–E) The expressions of NLRP3, Cleaved Caspase-1, IL-1β, and GSDMD-N in the CG primary cells were evaluated
by western blot, with GAPDH as a loading control. (F) We tested the interaction between HMGCR and NLRP3 in CG primary cells via
co-immunoprecipitation (Co-IP) assay. ^^p < 0.01, ^^^p < 0.001 vs. Control. ++p < 0.01, +++p < 0.001 vs. β-sitosterol+shNC.

1 (shHMGCR in the following figures) was selected for
the subsequent assays according to the knockdown effi-
ciency. In light of the results of the MTT assay, it was
clear that shHMGCR promoted the viability of β-sitosterol-
treated CG primary cells (Fig. 3C, p < 0.001). Accord-
ing to the results in transwell assay and flow cytometry, it
was clear that shHMGCR promoted migration and inhib-
ited pyroptosis of CG primary cells that had been treated
with β-sitosterol (Fig. 3D–G, p < 0.001). Hence, we con-
firmed that HMGCR silencing reversed the effects of β-
sitosterol on CG-associated cells’ proliferation, migration,
and pyroptosis. Also, we further evaluated the expressions
of NLRP3, Cleaved Caspase-1, IL-1β, and GSDMD-N in
CG primary cells that had been treated with β-sitosterol. As
shown in Fig. 4A–E, shHMGCR decreased the expressions
of NLRP3, Cleaved Caspase-1, IL-1β, and GSDMD-N in
β-sitosterol-treated CG primary cells (p < 0.01).

HMGCR Interacted with NLRP3
Finally, the subsequent results in Fig. 4F confirmed

the interaction between HMGCR and NLRP3, as indicated
by the enrichment of HMGCR and NLRP3 following the
culture with the antibody against HMGCR and NLRP3 in
CG primary cells.

Discussion

To date, the specific treatment of CG is still unknown
due to its complicated pathogenesis and etiology. In our
study, we attracted our attention to β-sitosterol due to its
promising therapeutic effect on treating various diseases.
As expected, we found that β-sitosterol alleviated the pro-
liferation and migration of CG-associated cells. Further,
given the target relationship of β-sitosterol and HMGCR
and the interaction between HMGCR and NLRP3, we
put forward that β-sitosterol targeted HMGCR to induce
NLRP3-dependent pyroptosis, thereby alleviating prolifer-
ation and migration of CG-associated cells.

The role of β-sitosterol in life-threatening diseases has
been endorsed in recent years. It has proved to have an-
timicrobial, immunomodulatory, anti-inflammatory, anx-
iolytic, and anticancer effects [8,23]. Also, as an anti-
cancer nutraceutical, β-sitosterol plays an irreplaceable role
in prostate cancer, lung cancer as well as breast cancer [24].
It has been witnessed to suppress the cell migration of ovar-
ian cancer cells [10] and angiotensin II-induced vascular
smooth muscle cells [25]. In light of published references,
CG cell migration and proliferation were associated with
the development of CG, which provides a vital clue to un-
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derstanding the corresponding mechanism of CG [1,26,27].
In this study, we observed that β-sitosterol suppressed the
viability andmigration of CG sample-derived primary cells,
predicting that β-sitosterol could relieve CG.

Pyroptosis is defined as a form of programmed cell
death that is induced by inflammatory Caspase [28,29],
which is characterized by the formation of GSDMD-N-
mediated pores in the cell plasma membrane, where wa-
ter molecules enter and trigger cell swelling, causing rapid
disruption of cell lysis, plasma membrane, and conse-
quent massive pro-inflammatory factors (IL-1β, IL-18) into
the extracellular environment [30]. It has been acknowl-
edged that the pathways of pyroptosis include Caspase-1-
dependent classical and non-classical pathways [31]. For
example, in the classical pyroptosis pathway, Caspase-
1 mature cleaves GSDMD-N and a C-terminal product
(GSDMD-C), and GSDMD-N binds to the cell membrane
and perforates it at the plasmamembrane. At the same time,
Caspase-1 matrices can be recognized as inactive precur-
sors of IL-1β and IL-18 and contribute to their becoming
active inflammatory factors that are released from themem-
brane pores formed by GSDMD-N, ultimately leading to
pyroptosis [32,33]. Likewise, NLRP3 inflammasome plays
a central role in pyroptosis. In other words, NLRP3 in-
flammasome is responsible for activating the Pro Caspase-1
cleaves to active Caspase-1, causing the secretion of IL-18
and IL-1β [34]. More importantly, pyroptosis plays an im-
portant role in the development and progression of many
inflammation-related pathologies [20,21], which hints that
pyroptosis may be an important factor in the development
of CG. Also, β-sitosterol has been reported to affect apopto-
sis induction in many diseases, such as ovarian cancer [10],
human hepatocellular carcinoma [35], and U266 multiple
myeloma [36]. Yet the research corresponding to the effects
of β-sitosterol on pyroptosis in CG remains to be further
expounded. In the present study, after the detection of py-
roptosis using flow cytometry and analysis of correspond-
ing protein expressions in CG primary cells, we found that
β-sitosterol upregulated expressions of Cleaved Caspase-1,
IL-1β, andGSDMD-N inCGprimary cells, confirming that
β-sitosterol could induce NLRP3-dependent pyroptosis in
CG primary cells, which may explain the therapeutic effect
of β-sitosterol in CG.

Moreover, we aimed to fathom the precise mecha-
nism of β-sitosterol in CG primary cells. With the help
of Swiss Target Prediction, sitosterol can target HMGCR.
Also, the interaction between HMGCR and NLRP3 has
been acknowledged [14]. Besides, it should be noted that
NLRP3 mediated the pyroptosis [15,16]. Accordingly, we
wondered whether the role of β-sitosterol on CG primary
cells may be associated with the HMGCR/NLRP3 axis.
In this study, β-sitosterol upregulated the expression of
HMGCR in CG primary cells. These findings raised the
question of whether β-sitosterol could alleviate the prolif-
eration and migration of the cells associated with CG by

targeting HMGCR to induce NLRP3-dependent pyropto-
sis. In this study, we confirmed this conjecture, as evi-
denced by the promoted viability and migration and down-
regulated expressions of NLRP3, Cleaved Caspase-1, IL-
1β, and GSDMD-N in CG primary cells. Besides, we
also demonstrated the interaction between HMGCR and
NLRP3. Nevertheless, it should bementioned that although
the function of β-sitosterol in CG primary cells was initially
verified in vitro, further exploration of its role in vivo is still
needed. Also, the evidence to demonstrate the effects of
β-sitosterol on NLRP3-dependent pyroptosis still needs to
be further fathomed via sufficient experiments. All these,
accordingly, will be solved in our future research.

Conclusions

In conclusion, the present study first revealed the func-
tion of β-sitosterol in alleviating the proliferation and mi-
gration of CG-associated cells. Further, we found the in-
volvement of the HMGCR/NLRP3 axis in the effects of
β-sitosterol on CG primary cells. More importantly, we
demonstrated that β-sitosterol could target HMGCR to reg-
ulate the NLRP3-dependent pyroptosis in CG primary cells.
Collectively, we verified that β-sitosterol exhibited the role
of alleviating the proliferation andmigration of CG primary
cells via targeting HMGCR to induce NLRP3-dependent
pyroptosis. These findings confirmed the promising effect
of β-sitosterol in the treatment of CG.
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