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Background: Prostate cancer (PC) is one of the most common malignant tumors, and the effect of celastrol on squalene synthase
(SQS) in PC is unknown. This study aimed to investigate the effect of celastrol on SQS in PC.
Methods: The protein expression was detected by Western blot. Cell proliferation capacity was detected by cell counting kit-8
(CCK-8) kit (450 nm optical density values). Cell scratch (wounding healing rate) and transwell assays (migration cells number)
detected the cells’ migration abilities. Messenger RNA (mRNA) expression was detected using a real-time polymerase chain
reaction test.
Results: Celastrol decreased the expression of SQS in PC cells, and the knockdown of the SQS-encoding gene farnesyl-
diphosphate farnesyltransferase 1 (fdft1) with and without celastrol treatment decreased PC cell proliferation and migration
abilities. Furthermore, overexpression of the fdft1 gene attenuated the proliferation and migration abilities of PC-3 cells. Treat-
ment with celastrol with fdft1 gene overexpression can still decrease the proliferation and migration abilities of PC-3 cells.
Conclusion: This study verified that celastrol decreases the proliferation and migration abilities of PC-3 and Lymph Node Car-
cinoma of the prostate (LNCaP) cells and revealed that celastrol reduces SQS expression. The results indicate that the inhibitory
effect of celastrol on the malignant phenotypes of PC cells is partly dependent on SQS, and SQS is involved in the malignant
behaviour of PC cells. Furthermore, there may be a dual effect dependent on the SQS protein expression level on the malignant
phenotypes of PC cells.
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Introduction

Prostate cancer (PC) has the second-highest morbidity
rate and fifth-highest mortality rate among cancers in hu-
mans [1–3]. Therefore, the discovery of a new medicines
to treat it have clinical value.

Studies have determined that high cholesterol lev-
els promote PC development [4–7]. Cholesterol-targeted
therapy may inhibit the growth of aggressive PC through
intracellular steroidogenesis [8–10]. The raw material
of cholesterol synthesis, acetyl-Acetoacetyl coenzyme A
(CoA), passes through the mevalonate pathway to generate
farnesyl pyrophosphate (FPP), which can be metabolised
through a sterol or non-sterol pathway. Squalene syn-

thase (SQS) plays a key role in this branch, as it can catal-
yse the condensation of two molecules of FPP to form
squalene [11,12], which is further metabolised to generate
cholesterol and is a crucial enzyme in cholesterol synthesis.
Studies have demonstrated that downregulating the SQS-
encoding gene farnesyl-diphosphate farnesyltransferase 1
(fdft1) or inhibiting the expression of SQS can significantly
inhibit the proliferation of PC [13]. In PC cells, the activ-
ity of SQS and its mediated cholesterol synthesis are the
determinants of cholesterol associated with cell membrane
microdomains. Therefore, inhibition of SQS may suppress
proliferation and induce PC cell death [14,15].

Celastrol, a triterpenoid extracted from the Chinese
herbal medicine Tripterygium wilfordii, is used in inflam-
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matory diseases and has therapeutic effects on cancer, neu-
rodegenerative diseases, obesity and atherosclerosis [16,
17]. Studies have demonstrated that celastrol modulates
multiple signalling pathways and has anti-tumour efficacy
[17]. It also inhibits PC [18–21], although the mechanism
remains unclear.

Recent studies have reported that celastrol can inhibit
SQS in Aspergillus flavus, a type of fungi [22]. However,
the regulatory effect of celastrol on human SQS has not
been reported. Despite the differences in the amino acid
hinge region between humans and fungi, the overall struc-
ture of SQS is the same in eukaryotes [23]. This study in-
vestigated the effect of SQS on PC cells and the effect of
celastrol on SQS.

Materials and Methods

Materials
For this study, prostate cancer cell lines were obtained

from the Shanghai Cell Bank (TCHu158: PC-3, TCHu173:
Lymph Node Carcinoma of the prostate (LNCaP), Shang-
hai, China). The cell counting kit-8 (CCK-8) reagent
was purchased from Shanghai Qihai Futai Biotechnology
(C008-2, Shanghai, China). The small interfering RNA
(siRNA)-mate transfection reagent, siRNA transfection se-
quence and real-time polymerase chain reaction (PCR)-
related primers were purchased fromGemmaGene (Shang-
hai, China), and the siRNA sequences are as follows: 5′-
ACTTGCTACAAGTATCTCAAT-3′. The antibody details
of the SQS are as follows: SQS (antibody dilution: 1:1000,
ab236666, Abcam, Cambridge, UK) and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) antibodies (anti-
body dilution: 1:1000, GB12002, Servicebio, Wuhan,
China). Details of the secondary antibodies are as fol-
lows: anti-rabbit immunoglobulin G (IgG) antibody (anti-
body dilution: 1:5000, A0208, Biyuntian, Shanghai, China)
and anti-mouse IgG antibody (antibody dilution: 1:5000,
A0216, Biyuntian, Shanghai, China). Plasmid pcDNA3.1-
H_FDFT1-EF1-ZsGreen1 and empty vector pcDNA3.1-
MCS-EF1-ZsGreen1 were purchased from Jiman Biotech-
nology (Shanghai, China). Lipofectamine™ 2000 was pur-
chased from Invitrogen (11668030, Waltham, MA, USA),
and celastrol (≥98%, high-pressure liquid chromatography,
solid) was purchased from SIGMA (C0869, St. Louis, MO,
USA).

Cell Culture
RPMI 1640 (12633012, Gibco, Carlsbad, CA, USA)

was used, and the medium was supplemented with 10%
foetal bovine serum (FBS) (10099, Gibco, Carlsbad, CA,
USA). The cell culture media were supplemented with 100
IU/mL of penicillin and 100 µg/mL of streptomycin (prod-
uct number: 15070063, Gibco, Carlsbad, CA, USA). Cells
were cultured at 37 °C in a 5% CO2 incubator and used
for the experiments during the exponential phase [24]. All

cells were identified using short tandem repeat (STR) anal-
ysis and tested for mycoplasma. The company provided
the STR identification report, and mycoplasma testing was
performed using a kit (11-9025, Minerva-Biolabs, Berlin,
Germany). The results showed no other cell contamination
and no mycoplasma contamination of the cells used in this
study.

Cell Counting Kit Assay
In total, 5000 cells/well were placed in a 96-well plate,

with three duplicate wells in each group, and allowed to
adhere. Celastrol (C0869, SIGMA, St. Louis, MO, USA)
was then added for 24 and 48 h, respectively. A total of 10
µL of CCK-8 reagent (C008-2, Qihai Futai Biotechnology,
Shanghai, China) was added, and the 450 nm optical density
(OD) values were measured [24].

Western Blot
Total protein was from the cells after lysing the cells

with lysate. The concentration of protein was subsequently
detected using bicinchoninic acid (B9643, SIGMA, St.
Louis, MO, USA) experiments. Subsequent Western blot
experiments were performed using sodium dodecyl-sulfate
polyacrylamide gels. Equal amounts of the samples were
used during the experiment. Membrane transfer experi-
ments were performed using polyvinylidene fluoride mem-
branes. Blocking was performed after the transfer exper-
iment was completed. The membranes were incubated
overnight at 4 °C with primary antibodies. The following
day, the corresponding secondary antibody incubation was
performed after washing. The cells were then coloured with
enhanced chemiluminescence, and images were obtained
with a chemiluminescence imager. Finally, ImageJ soft-
ware (version 1.8.0, LOCI, University of Wisconsin, Madi-
son,WI, USA)was used for semi-quantitative analysis [24].

Small Interfering RNA Transfection
2 × 105 cells/well (PC-3) and 3 × 105 cells/well

(LNCaP) were plated into 12-well plates. After
24 h (PC-3) and 48 h (LNCaP), the cell conflu-
ency reached approximately 50%. The siRNA-Mate
transfection reagent and fdft1 gene RNA oligo (5′-
ACTTGCTACAAGTATCTCAAT-3′) transfection se-
quences were used to formulate complexes for transfection.
The siRNA transfection experiments were divided into two
groups: an experimental group (siRNA fdft1 [siR-fdft1])
and a control group (negative control [NC]) [24].

Overexpression of the fdft1 Gene
3 × 105 cells (PC-3) and 4 × 105 cells (LNCaP)

were seeded into 12-well plates. After 24 (PC-3 cells)
and 48 h (LNCaP cells), the cells were transfected us-
ing the FBS-free 1640 basal medium, Lipofectamine™
2000 transfection reagent (11668030, Thermo Fisher Sci-
entific, Waltham, MA, USA) and recombinant plasmids.
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The cells were grouped into three groups: an experimen-
tal group (transfection plasmid pcDNA3.1-H_FDFT1-EF1-
ZsGreen1), an empty vector group (transfection empty plas-
mid pcDNA3.1-MCS-EF1-ZsGreen1) and NC group (no
plasmid transfection). The transfection complexes were
prepared according to the instructions, and 100 µL of the
complex was added to each of the wells, which were then
placed back into the incubator for culturing. After 48 h
transfection, some cells were used to verify the transfection
efficiency, and some were used for subsequent experiments
[24].

Real-Time Polymerase Chain Reaction
The total RNA of cells was extracted using the RNA

extraction kits (B511321, Sango Biotech, Shanghai, China)
and then reversed transcribed into complementary DNA.
Using the synthesised primers for the target gene, sample
preparation and spotting were performed, and three dupli-
cate wells were set up. The reactions were conducted un-
der the following conditions: pre-denaturation at 95 °C for
60 s, denaturation at 95 °C for 15 s, annealing at 60 °C
for 15 s and extension at 72 °C for 45 s, for a total of 35
cycles. Using GAPDH as a reference, the cycle thresh-
old value of each sample was statistically analysed, and
used the 2−∆∆Ct method. The fdft1 primers were: F: AC-
CCTGATGATGGATGCCAC and R: AACGACAGGTA-
GATGGGGGA; the GAPDH primers were: F: CATGA-
GAAGTATGACAACAGCCT and R: AGTCCTTCCAC-
GATACCAAAGT.

Transwell Migration Assay
Cells were trypsinised, centrifuged, and washed twice

with phosphate buffer solution (PBS) (806552, SIGMA, St.
Louis, MO, USA). Subsequently, 5 × 105 (PC-3) and 10
× 105 cells/mL (LNCaP) were placed in a 24-well cul-
ture plate, and 200 µL of cell suspension (approximately
1 × 105 cells for PC-3 cells and 2 × 105 cells for LNCaP
cells) was added to the upper chamber. After the PC-3 cells
had migrated for 48 h and the LNCaP cells for 72 h, the
medium in the upper chamber was aspirated, and the cham-
ber was immersed twice in PBS for gentle washing before
being fixed with 4% paraformaldehyde (158127, SIGMA,
St. Louis, MO, USA). Following the staining of the cells
with 1% crystal violet (46364, SIGMA, St. Louis, MO,
USA), cells in the upper chamber were removed, and those
present in the subbasement membrane were subsequently
observed through a microscope. Three different visual
fields were randomly selected under a 100-fold light mi-
croscope (Biological positive microscope-53, OLYMPUS,
Tokyo, Japan), and the average value was calculated after
counting [24].

Scratch Test
PC-3 and LNCaP cells were seeded in 12-well plates

for the scratch test. Cell scratches were performed as cells

grew and covered the plate’s bottom. Images were cap-
tured under a 100× optical microscope (Biological positive
microscope-53, OLYMPUS, Tokyo, Japan), and the width
of the scratch was recorded at 0 h. The cell culture was
continued, and images were captured at 24 and 48 h [24].

Statistical Analysis
Data are presented as mean ± standard deviation. t

test was used for the comparisons of means between two
groups, and a one-way analysis of variance (ANOVA) sta-
tistical software was used to compare means between three
or more groups using SPSS 21.0 (IBM Corp., Chicago, IL,
USA); p < 0.05 was statistically significant.

Results

The effect of celastrol on SQS expression and the ma-
lignant behaviour of PC cells was investigated.

Effect of Celastrol on the Proliferation and
Migration of Prostate Cancer Cells

To observe the effect of celastrol on the proliferation
of PC cells, PC-3 and LNCaP cells were co-cultured with
celastrol for 24 at different concentrations. The results re-
vealed that the cell viability of PC cells decreased gradu-
ally with the increase in celastrol concentration. The half-
maximal inhibitory concentration of PC-3 cells was 1.93
µM and that of LNCaP cells was 2.00 µM. The cell viability
of the two types of cancer cells was significantly decreased
(Fig. 1A,B).

Transwell was used to observe cell migration with
celastrol treatment. The number of cells passing through
the filtration membrane in the drug-treated groups was sig-
nificantly reduced. The above results demonstrate that 2.00
µM celastrol inhibits the migration of PC cells (Fig. 1C,D).

A scratch test was used to observe cell migration with
celastrol treatment. The scratch healing of PC cells de-
creased significantly, further indicating that celastrol in-
hibits the migration of these cells (Fig. 1E,F).

Effect of Celastrol on the Expression of Squalene
Synthase in Prostate Cancer Cells

The expression of SQS in the two types of cells was
detected usingWestern blot. Compared with the expression
of SQS in PC-3 cells, the expression abundance of SQS
in LNCaP cells was higher (*p < 0.05). After treatment
with celastrol, the expression level of SQS was decreased,
and the expression of SQS gradually decreased with in-
creasing celastrol concentrations, indicating that celastrol
reduces the expression of SQS in PC cells. The histograms
in Fig. 2A–C display the quantitative plots of SQS protein
expression.
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Fig. 1. Effects of celastrol on the proliferation and migration of prostate cancer cells. (A,C,E) PC-3 cells; (B,D,F) LNCaP cells.
(A,B) Cell proliferation after co-culture with celastrol at different concentrations. (C,D) Transwell experiment: original magnification
×100. (E,F) Scratch experiment: original magnification ×100. Cell migration after co-culture with celastrol. DMSO: control group.
Cel: Drug-treated group. Error bars: mean ± SD, using two-tailed Student’s t test analysis, *p < 0.05, **p < 0.01, ***p < 0.001. PC,
prostate cancer; DMSO, dimethyl sulfoxide; SD, standard deviation; LNCaP, Lymph Node Carcinoma of the prostate.

Fig. 2. Effect of celastrol on the expression of squalene synthase in prostate cancer (PC) cells. (A) Expression of SQS in two
untreated PC cells was observed using Western blot. Error bars: mean ± SD using two-tailed Student’s t test analysis. (B) PC-3 cells
were treated with 1 and 2 µM of celastrol for 24 h. Error bars: mean± SD using one-way ANOVA. (C) LNCaP cells were treated with 1, 2
and 3 µM of celastrol for 48 h. DMSO: control group. Cel: Drug-treated group. Error bars: mean± SD using one-way ANOVA analysis.
*p < 0.05, **p < 0.01. SQS, squalene synthase; ANOVA, analysis of variance; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Effect of siRNA fdft1 on the Proliferation and
Migration of Prostate Cancer Cells

The expression of the fdft1 gene in the two cancer
cells was manipulated using siRNA, and the changes in

the malignant phenotype of cells were observed. The re-
sults demonstrated that SQS expression decreased (**p <

0.01) (Fig. 3A). Comparedwith theNC groups, siRNA fdft1
transfected groups exhibited lower proliferation ability. Af-
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Fig. 3. Effect of siRNA fdft1 on the proliferation and migration of PC cells. (A) Western blot results of SQS expression. Error bars:
mean ± SD using two-tailed Student’s t test analysis. (B) After transfection, the proliferation of transfected cells was observed using a
cell counting kit-8 (CCK-8) assay. (C) CCK-8 assay was used to observe the proliferation changes of the transfected cells. Transwell
experiment: original magnification ×100. (D) Successfully transfected PC-3 cells were collected and placed in a transwell chamber
for a 48-h migration. (E) Successfully transfected LNCaP cells were collected and placed in a transwell chamber for a 72-h migration.
Scratch test: original magnification ×100. (F) After transfection, PC-3 cells underwent a scratch test, and the scratch was left to heal
for 24 h. (G) After transfection, LNCaP cells underwent a scratch test, and the scratch was left to heal for 48 h. Error bars: mean ±
SD using a two-tailed Student’s t test analysis, *p < 0.05, **p < 0.01. siRNA, small interfering RNA; NC, negative control; fdft1,
farnesyl-diphosphate farnesyltransferase 1.

ter 72 h of proliferation, the OD values of the transfected
PC cells were significantly lower, indicating that the re-
duction in SQS proteins resulting from the introduction of
siRNA fdft1 inhibits the proliferation of the two cancer cells
(Fig. 3B,C).

The transwell migration assay results indicated that
the numbers of transmembrane cells in the siRNA fdft1
groups were significantly lower than in the control groups
(Fig. 3D,E). The scratch test results revealed that the scratch
widths of PC cells after celastrol treatment were signifi-
cantly larger (Fig. 3F,G). These results demonstrate that
siRNA fdft1 can decrease the migration of the two cancer
cells.

Effect of siRNA fdft1 + Celastrol Treatment on the
Proliferation and Migration of PC Cells

The PC cells were transfected with siRNA fdft1 and
2 µM of celastrol for 24 and 48 h, respectively, to observe
the changes in SQS protein levels and cell proliferation and
migration. No obvious change was identified in the expres-
sion of SQS in the transfection group treated with celastrol
compared with the control group treated with siRNA alone
(Fig. 4A,B).With the increase in proliferation time, the pro-
liferation of both cancer cells in the drug treatment group
exhibited a decreasing trend. After 72 h of proliferation,
the OD value of the transfection group treated with celas-
trol was significantly lower than that of the control group
(Fig. 4C,D). Transwells were used to examine the migration
ability of cells, and the results revealed that the number of
cells able to cross the membrane was significantly reduced
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Fig. 4. Effects of siRNA fdft1 + celastrol on the proliferation and migration of PC cells. (A) Expression of SQS in PC-3 cells
following treatment with siR-fdft1and 2 µM of celastrol. (B) Expression of SQS in LNCaP cells following treatment with fdft1and
2 µM of celastrol. (C) Transfected PC-3 cells were treated with 2 µM of celastrol for 24 h, and CCK-8 assay was used to detect cell
proliferation. (D) Successfully transfected LNCaP cells were treated with 2 µM of celastrol, and cell proliferation was observed through a
CCK-8. Transwell experiment: Original magnification×100. (E) Successfully transfected PC-3 cells were treated with 2 µM of celastrol,
and cell migration was observed using a transwell assay. (F) Successfully transfected LNCaP cells were treated with 2 µM of celastrol,
and cell migration was observed through a transwell assay. Scratch test: Original magnification×100. (G) Successfully transfected PC-3
cells were treated with 2 µM of celastrol, and cell migration was observed using a scratch test. (H) Successfully transfected LNCaP cells
were treated with 2 µM of celastrol, and cell migration was observed through a scratch test. DMSO: control group. Cel: Drug-treated
group. Error bars: mean ± SD using a two-tailed Student’s t test analysis, *p < 0.05, **p < 0.01, ns, no significant.

after celastrol treatment (Fig. 4E,F). Similarly, the scratch
assay results indicated that the scratch width of cells was
significantly increased after celastrol treatment (Fig. 4G,H).
These results demonstrate that celastrol treatment reduces
PC cell migration and invasion ability.

Effect of fdft1 Overexpression on the Proliferation
and Migration of PC Cells

The over-expression of the fdft1 gene in the two can-
cer cells was demonstrated by Western blot (**p ≤ 0.01)

(Fig. 5A). The OD value of the transfected PC-3 cells was
lower. However, in the LNCaP cells, no significant change
in theODvalue of the transfected groupwas identified com-
pared with the empty vector group (Fig. 5B,C). The tran-
swell results demonstrated that the number of transmem-
brane cells in the transfected PC-3 cell experimental group
was significantly lower; however, no difference between
the experimental group and empty vector group for LNCaP
cells was detected in terms of the number of transmembrane
cells (see Fig. 5D,E). These results reveal that fdft1 over-
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Fig. 5. Effects of overexpression of fdft1 on the proliferation and migration of PC cells. (A) Western blot results of SQS expression
in the empty vector, NC and fdft1 overexpression groups. Error bars: mean ± SD using two-tailed Student’s t test analysis. (B) PC-3
cells were seeded with 5000 cells/well in a 96-well plate for the CCK-8 assay to observe the proliferation changes after overexpression
of fdft1. (C) LNCaP cells were seeded with 5000 cells/well in a 96-well plate for the CCK-8 to observe the proliferation changes after
overexpression of fdft1. Transwell experiment: original magnification×100. (D) PC-3 cells were transplanted into a transwell chamber
with 1 × 105 cells/cell for 48 h. (E) LNCaP cells were transplanted into a transwell chamber with 2 × 105 cells/cell for 72 h. DMSO:
control group. Cel: Drug-treated group. Error bars: mean ± SD using two-tailed Student’s t test analysis, **p < 0.01, ***p < 0.001.

expression inhibits the proliferation and migration of PC-3
cells but has no noticeable effect on LNCaP cells.

Effect of fdft1 Overexpression + Celastrol Treatment
on the Proliferation and Migration of PC Cells

The fdft1 gene was overexpressed in PC-3 cells, which
were then treated with 2 µM of celastrol for 24 h, and the
changes in protein levels, cell proliferation and migration
were observed. No significant change in the expression of
SQS in the overexpressed PC-3 cells treated with celastrol
was noted compared with the overexpressed control group
(Fig. 6A).With the increase in proliferation time, the prolif-
eration of PC-3 cells in the experimental group exhibited a
decreasing trend. After 96 h of proliferation, the OD value
of the overexpressed group treated with celastrol was sig-
nificantly lower than that of the control group (Fig. 6B). The
inhibition rate of proliferation decreased compared with the
non-transfected cells in the previous experiment. The tran-
swell migration assay results revealed that the number of
transmembrane cells in the PC-3 experimental group was
significantly lower than in the control group (see Fig. 6C).
These results indicate that the addition of celastrol and the
overexpression of fdft1 can inhibit the migration of PC-3
cells.

Discussion

In this study, the role of SQS in the malignant phe-
notype of PC cells was investigated to identify whether the
tumour-suppressive effect of celastrol on PC cells is related
to its influence on SQS. The results revealed that celastrol
reduces the expression of SQS in PC cells and verified that
the knockdown of SQS can inhibit the proliferation of these
cells. They also demonstrated for the first time that manip-
ulating fdft1 expression inhibits the migration of PC cells,
whereas fdft1 overexpression inhibits the proliferation and
migration of PC-3 cells. In addition to reducing SQS, celas-
trol can inhibit the proliferation and migration of the two
cancer cells after reducing SQS levels, but the inhibition
rates are reduced.

The present study demonstrated again the inhibition
of celastrol on the malignant behaviour of PC cells, and
its results are consistent with those of previous reports
[18–22,25–28]. Several studies have reported that celas-
trol inhibits PC development by regulating micro RNAs
[21,25,26]. Guo et al. [20] reported that celastrol affects PC
growth by regulating the human ether-a-go-go-related gene
channel. However, Song et al. [22] determined that celas-
trol downregulated interleukin-6 gene expression through
the nuclear factor kappa-light-chain-enhancer of activated
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Fig. 6. Effect of overexpression of fdft1 + celastrol on proliferation andmigration of PC cells. (A) PC-3 cells with overexpressed fdft1
were treated with 2 µM of celastrol, and the changes in SQS levels were observed using Western blot. (B) PC-3 cells with overexpressed
fdft1 were treated with 2 µM of celastrol, and cell proliferation was observed using CCK-8 assay. Transwell experiment: Original
magnification ×100. **p < 0.01. (C) PC-3 cells with overexpressed fdft1 were treated with 2 µM of celastrol, and cell migration was
observed through a transwell assay. DMSO: control group. Cel: Drug-treated group. Error bars: mean ± SD using two-tailed Student’s
t test analysis, **p < 0.01, ns, no significant.

b cell pathway, thereby inhibiting the proliferation of PC-3
cells. Tan Q et al. [27] reported that celastrol inhibited PC
cells by inducing apoptotic mechanisms. Significantly, the
present study found that celastrol reduces the levels of SQS
proteins in human cancer cells, which is consistent with re-
cent literature reporting that celastrol reduces the expres-
sion of SQS in Aspergillus (A). flavus [22]. Celastrol can
inhibit both malignant behaviour and SQS expression, sug-
gesting that the inhibitory effect of celastrol on the malig-
nant behaviours of PC cells may be related to the inhibition
of SQS.

To further verify whether the anti-PC effect of celas-
trol is related to the reduction in SQS, the effect of altering
SQS levels on cell malignant behaviour and the anti-cancer
effect of celastrol were observed in the present study. A
study reported that the downregulation of SQS can inhibit
the proliferation of PC cells, but no effect was found on
the migration behaviour of these cells [13]. Many stud-
ies have determined that SQS is involved in developing
different tumours, but the role played by SQS is different
in different tumours [29–34]. Jiang et al. [30] reported
that SQS can promote the progression of colon adenocar-

cinoma, and Yang et al. [31] revealed that SQS can pro-
mote the invasion ability of lung cancer cells through the
osteopontin/extracellular signal-regulated kinase pathway.
However, several studies have demonstrated that SQS can
inhibit tumour progression and be a marker for effective pa-
tient prognosis [32–34]. We determined that the downregu-
lation of SQS can inhibit themigration of PC cells. Notably,
with the overexpression of the fdft1 gene and upregulation
of SQS, the proliferation and migration of PC-3 cells have
also decreased. Under overexpression, SQS seems to play
a tumour-suppressive role in PC-3 cells. That might be be-
cause the overexpression of fdft1 results in high levels of
cholesterol, which not only weakens cell deformation abil-
ity but also affects transmission signal molecules, reducing
the cell proliferation and migration ability [35]. Moreover,
the inhibitory effect of celastrol on SQS proteins was also
not evident after fdft1 overexpression. We suggest this is
also associated with lipid metabolism disturbances within
cells resulting from fdft1 overexpression. However, this re-
sult needs further confirmation. Nevertheless, the results of
the present study suggest that SQS may have a dual effect
on the malignant phenotype of PC cells.
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In cells with a downregulated or overexpressed fdft1
gene treated with celastrol, no significant difference was
identified in the expression of SQS proteins in the gene-
manipulated groups compared with the control groups, but
the proliferation and migration of cancer cells were reduced
by the addition of celastrol (although the reduction rates
were not as severe as in the cells without gene manipula-
tion). Therefore, it can be suggested that the inhibitory ef-
fect of celastrol on the malignant phenotype of PC cells is
partly dependent on SQS, indicating that the anti-cancer ef-
fect of celastrol has other mechanisms independent of SQS
[20–22,25], which is consistent with the premise that celas-
trol is a multi-target anti-cancer drug.

The present study suggests that SQS in PC can be used
as a potential therapeutic target and that celastrol could be
used as a new SQS inhibitor. However, the study is lim-
ited in that only two cell lines and a single dose of celastrol
were tested. Further research should therefore be conducted
on cell type, animal models, drug concentration and related
mechanisms.

Conclusion

This study revealed that celastrol inhibits the prolif-
eration and migration ability of PC cells by decreasing the
expression of SQS; the inhibitory effect of celastrol on PC
cells partially depends on SQS. Moreover, the knockdown
of SQS in PC cells inhibits the proliferation and migration
ability. However, the overexpression of SQS in PC-3 cells
also inhibits these cells’ proliferation and migration ability.
The results indicate that SQS may have a dual effect that
depends on its expression level. Celastrol could therefore
be used as a new inhibitor of SQS to treat PC.
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