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	 Background:	 Metabolic reprogramming is a common characteristic of numerous kinds of tumors, including prostate cancer 
(PCa). Tumor metabolism such as lipid metabolism provides sufficient lipids for tumor cell division and rapid 
growing as well as a vital source for formation of new cellular membranes. Phospholipase Ce (PLCe) is an on-
cogene that can drive proliferation, progression, and lipid metabolism of tumors, but its effect in lipid metab-
olism of PCa is not clear.

	 Material/Methods:	 Benign prostatic hyperplasia (BPH) and PCa tissue specimens were assessed for SREBP-1, FASN, and PLCe by 
immunohistochemistry, and PLCe was knocked-down by a lentiviral short hairpin RNA. The mRNA and protein 
level expression of related factors were tested by qPCR and Western blot analyses. Cell proliferation was as-
sessed by clone formation, CCK-8, and Ki-67 assays. Nile red and oil red O staining were performed to detect 
endogenous lipid levels. Immunofluorescence was used to localize the protein of SREBP-1. Finally, a tumor xe-
nograft assay of nude mice was performed to assess the role of PLCe in prostate tumor generation.

	 Results:	 We found that overexpression of PLCe indicates low PFS in PCa and is involved in metastasis of PCa, and that 
the PLCe/AMPK/SREBP-1 signaling network promotes the progression of PCa through lipid metabolism in vivo 
and in vitro.

	 Conclusions:	 This study is the first to discover the lethal role of PLCe in lipid metabolism and malignant behavior of PCa, elu-
cidation PCa occurrence and progression.
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Background

Prostate cancer (PCa) is the second most lethal malignancy in 
males worldwide [1–3], and it is also the second leading cause 
of cancer deaths, largely due to metastasis [4,5]. Therefore, 
early recognition and exploring details of the molecular metab-
olism to develop more effective treatments for prostate can-
cer are extremely important. There are a number of aspects 
which are intimately linked with PCa, such as age, genetic back-
ground, family history, environmental influences, diet, and life-
style. Among these, lipid metabolism can influence many as-
pects of tumor biology and progression and plays a vital part 
in the occurrence and progression of PCa [6,7]. Epidemiologic 
evidence shows a relationship between obesity and progres-
sion of PCa [8]. Therefore, it is important to explore the mech-
anism underlying the association between lipid metabolism 
and prostate cancer.

Phospholipase Ce (PLCe), a phosphoinositide-specific PLC fam-
ily member that has guanine nucleotide exchange factor activ-
ity. It has also been confirmed as an multifunctional signaling 
protein that is increased in different types of cancer [9–11] and 
plays a vital part in migration, proliferation, and carcinogene-
sis of tumors [9,12]. Of note is that our previous research has 
confirmed that PLCe was connected with lipid metabolism in 
castration-resistant prostate cancer (CRPC) [13], but its poten-
tial function in PCa is unclear. Sterol regulatory element-bind-
ing protein 1 (SREBP-1) is a crucial transcription factor that 
targets lipid metabolism-related factors such as fatty acid syn-
thase (FASN), acetyl-CoA carboxylase (ACACA), ATP citrate lyase 
(ACLY), and stearyl coenzyme A desaturase 1 (SCD1) to regulate 
lipid metabolism, and is highly activated in cancers [14–16], 
including prostate cancer [17]. Whether there is a correlation 
between PLCe and SREBP-1 in fatty acid synthesis of prostate 
cancer is unknown. Moreover, AMPK, a gene that plays an im-
portant role in many types of cancers [18–20], was found to 
be closely associated with SREBP-1 in lipid metabolism. As an 
upstream kinase, AMPK suppresses cleavage, nuclear trans-
location, and transcriptional activity of SREBP-1 and SREBP-2 
by directly binding and phosphorylating them, and ultimate-
ly inhibits lipogenesis and lipid accumulation in hepatocytes 
exposed to high levels of glucose [21]. A previous study found 
that the activation of AMPK by metformin or an adenosine 
analogue in the liver or in cultured hepatocytes can inhibit 
SREBP-1 expression. In the hepatic tissues of metformin-treat-
ed rats, the mRNA and protein expressions of SREBP-1 are de-
creased [22]. Furthermore, AMPK inhibits the synthesis of key 
lipogenic enzymes such as FASN and ACLY in numerous tissues 
by suppressing the formation of SREBP1c [23]. In fact, when 
activated, AMPK acts in a tumor-suppressor-like fashion [24]. 
Therefore, activated AMPK can simultaneously switch off 2 car-
cinogenic pathways (lipogenic and PI3K/mTOR pathways) [25]. 
However, a few studies reported the role of AMPK combined 

with SREBP-1 in cancers. Hence, whether the AMPK is linked 
with SREBP-1 in prostate cancer is unclear.

The present study explored the function of lipid metabolism 
in PCa through cellular and animal models. In addition, to the 
best of our knowledge, our study is the first to show that PLCe 
knockdown can suppress lipid metabolism and malignant be-
havior of PCa via the AMPK/SREBP-1 signaling pathway. Our 
results show that silencing PLCe can suppress lipid metabo-
lism and malignant behavior in PCa through the AMPK/SREBP 
signaling pathway.

Material and Methods

Clinical patients and tissue samples

The clinical tissue samples of 60 prostate cancer (PCa) patients 
and 60 benign prostatic hyperplasia (BPH) patients were ac-
quired from the First Affiliated Hospital of Chongqing Medical 
University (Chongqing, China) from January 2015 to July 2018. 
All tissues samples were confirmed to be BPH or PCa by his-
tological examination. We collected retrospective data on pa-
tient age, tumor histological stage, Gleason score, metasta-
sis, and serum prostate-specific antigen (PSA). The complete 
clinical was recorded, and clinical patient specimens used for 
this research were obtained with informed consent. The study 
was authorized by the Ethics Committee of Chongqing Medical 
University (Chongqing, China).

Immunohistochemistry (IHC)

The collected tissue samples were immersed in 10% parafor-
maldehyde overnight and then sliced into 5-μm-thick sections. 
Immunohistochemical staining of BPH and PCa tissues was an-
alyzed using the method we previously reported [13]. The sec-
tions were incubated with anti-Ki-67(Cell Signaling Technology), 
anti-PLCe (Santa Cruz), anti-p-AMPKa (Santa Cruz), anti-SREBP-1 
(Abcam), or anti-FASN (Cell Signaling Technology). The data 
were analyzed using methods we previously reported [13].

Cells culture and transfection

All human prostate cells (RWPE-1, LNCaP, and PC3) were ac-
quired from the Chinese Academy of Sciences or American 
Type Culture Collection (ATCC). The PCa cell lines (LNCaP 
and PC3) were maintained in RPMI1640 medium with 10% 
fetal bovine serum (FBS), then placed in a cell incubator at 
37°C with 5% CO2. The RWPE-1 cell line was cultured in ke-
ratinocyte growth medium including bovine pituitary extract 
(0.05 mg/ml) and human recombinant epidermal growth fac-
tor (5 ng/ml). Cells were transduced with 3 µl PLCe knockdown 
lentivirus (sh-PLCe#1, GCAGATATCTGATGCCATTGC; sh-PLCe#2, 
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GCAGATATCTGATGCCATTGC; sh-PLCe#3, GGTTCTCTCCAGAA 
GCAACC) from Gene Pharma Company.

Quantitative real-time PCR (qPCR)

TRIzol regents were used to extract cell total RNA, and 1 ug 
RNA was reverse-transcribed into aliquots of double-stranded 
cDNA using the Prime Script™ RT reagent kit. The cDNA was 
amplified using the SYBR Green PCR Kit and then examined 
by qPCR. The primer sequences of PLCe, SREBP-1, FASN, ACC1, 
SCD1, ACACA, ACLY, PCNA, and Cyclin D1 were:
b-actin, Forward: TGACGTGGACAT CCGCAAAG,
Reverse: CTGGAAGGTGGACAG CGAGG
PLCe, Forward: GCAACTACAACGCTGTCATGGAG,
Reverse: CCTCATGGTCTCAATATCAGACTGG;
SREBP-1, Forward: ACAGCCATGAAGACAGACGG,
Reverse: ATAGGCAGC TTCTCCGCATC;
FASN, Forward: GAAACTGCAGGAGCTGTC,
Reverse: CACGGAGTTGAGCCGCAT;

SCD1, Forward: CCTCTACTTGGAGACGACATTCG,
Reverse: GCAGCCGAGCTTTGTAAGAGC;
ACACA, Forward: AATCTTGAGGGCTAGGTCTTTCTGGA,
Reverse: CCAGAGGTTGGGCCAAGGGA;
ACLY, Forward: TCGGCCAAGGCAAT TTCAGAG,
Reverse: CGAGCATACTTGA ACCGATTCT;
PCNA, Forward: TGG AATCCC AGA ACAGGAG,
Reverse: CCA ATGTGGCTA AGGTCTCG;
Cyclin D1, Forward: GCTGGAGCCCGTGAAAAAGA,
Reverse: CTCCGCCTCTGGCATTTTG.

Western blot (WB) analysis

Total, cytoplasmic, and nuclear proteins of cells were extract-
ed and assessed by Western blot analysis with antibodies us-
ing a standard protocol described previously [26,27]. We used 
the following antibodies: anti-PLCe (Santa Cruz); anti-PCNA, 
anti-Cyclin D1, anti-b-actin, anti-p-AMPKa, anti-total-AMPKa, 
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Figure 1. �High expression of PLCe in PCa tissue specimens is related with SREBP-1/FASN. (A) Hematoxylin and eosin (HE) staining 
was performed on BPH and PCa tissue specimens, and PLCe, SREBP-1, and FASN expression levels were detected by 
immunohistochemistry (IHC) (200×, 100 μm bar) (a–h). (B–D) Staining scores for SREBP-1, FASN, and PLCe in BPH and PCa 
specimens. (E, F) The correlation between SREBP-1 and PLC and between FASN and PLCe in PCa tissue specimens was 
examined by Spearman analysis. (G). Progression-free survival in PCa patients was analyzed by Kaplan‑Meier survival 
analysis.
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ACLY, ACACA, SCD1 (Cell Signaling Technology), anti-SREBP-1, 
anti-H3 (Abcam), and FASN (Sigma).

Immunofluorescent staining

The cells were maintained in a 6-well plate with sterile cov-
er slip and washed with phosphate-buffered saline (PBS). 
Afterwards, cells were immersed in 4% paraformaldehyde for 
30 minutes (min) and subsequently incubated with the primary 
antibody: anti-SREBP-1 (Abcam) and anti-Ki67 (Cell Signaling 
Technology). The experiments were performed as previous-
ly described [26].

Cell Counting Kit‑8 (CCK‑8) assay

As our previous research described [26], PCa cells receiving dif-
ferent treatments were maintained in 96‑well plates. Optical 
density was examined by a microplate reader at the absor-
bance of 450 nm.

Colony formation test

PCa cells were incubated in 6-well plates for 2 weeks and then 
immersed in 4% paraformaldehyde for 20 min, then stained 
with crystal violet for 10 min. Every treatment of cells was re-
peated in 3 wells and colony formation assays were repeated 
3 times. CCK‑8 reagent was put into each well.

Oil Red O (ORO) staining

Each of cell lines were added into a 6-well plate at about 5×104 
cells/well. After treatments, cells were immersed in 4% para-
formaldehyde for 20 min and then washed twice with PBS. 
After completely drying, cells were stained with ORO solution 
(double-distilled water was used to dilute the original ORO 
solution and the ratio of water to ORO was 3: 1) for 15 min 
and then washed twice with PBS and photographed through 
a microscope. A spectrophotometer was used to quantify the 
lipid content at 520 nm.

Nile red staining

Nile red stain (diluted with PBS in the ratio of 1: 1000) was 
added to wells of a 6-well plate for lipid staining for about 
20 min, then cells were washed 3 times in PBS for 5 min each 
time. When the 6-well plate was completely dried, DAPI was 
added to cells, followed by incubating for 10 min and wash-
ing twice with PBS. Image were captured using a Nikon con-
focal microscope.

Animal studies

The experiments on animals were authorized by the Ethics 
Committee of Chongqing Medical University. PC3 cells were 
transfected with sh-NC lentivirus and sh-PLCe lentivirus and 

Characteristics Overall
PLCe

Positive (%)  Negative (%)

Prostate cancer 60 41 (68.3%) 19 (31.7%)

Age of patients with PCa (years)

	 Median 64 65 63–68 P=0.165*

	 Quartiles 25–75 62–68 63–69 61

Histological stage

	 Ta–T1 16 6 10 P=0.004**

	 T2–T4 44 35 9

Gleason score

	 <7 21 12 9 P=0.787**

	 ³7 39 24 15

PSA of patients with PCa (μg/l)

	 Median 177 178 155 P=0.546*

	 Quartiles 25–75 52.1–490 65.7–283.5 41.6–491.6

Metastases in PCa

	 Bone 23 20 3 P=0.024**

	 Visceral 20 18 2 P=0.022**

Table 1. Demographic and clinical characteristics of patients.

* Mann-Whitney test; ** Chi-square statistical significance numbers indicated in bold font. PSA – prostate-specific antigen.
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then injected into the right flank subcutaneous tissue of nude 
mice age 6 weeks. The volume of tumors was measured ev-
ery week. The tumor tissue samples were removed, measured, 
and stored for histology studies.

Statistical analysis

All experiments were independently repeated at least 3 times. 
Data are presented as mean ±standard deviation (SD). Data 
were analyzed by SPSS version 21.0 software and GraphPad 
Prism version 5.0 software. Results of experiments were evalu-
ated and analyzed using Kaplan‑Meier method, one‑way anal-
ysis of variance (ANOVA), two‑way ANOVA, Spearman’s corre-
lation analysis, Mann‑Whitney test, and the t test. Throughout 
the experiments: *** p<0.001; ** p<0.01; * p<0.05.

Results

The prognostic significance of PLCe and SREBP-1 
expression in PCa

To explore the underlying mechanism underlying the relation-
ship between lipid metabolism and prostate cancer, tissue spec-
imens from 60 PCa and 60 BPH were analyzed by immunohis-
tochemistry. Immunohistochemical assays revealed that the 
protein expression of SREBP-1, FASN, and PLCe was elevat-
ed in PCa compared with BPH tissue samples (Figure 1A–1D). 
Meanwhile, a positive correlation was found between PLCe and 
SREBP-1 (Figure 1E) and between PLCe and FASN (Figure 1F) 
as determined by Spearman correlation analysis. The clinical 
characteristics and demographics of these PCa patients, as 
well as their relationship with the expression of PLCe, were 
generalized and summarized in Table 1. These data demon-
strated that 68.3% of PCa tissue samples had a positive PLCe 

RWPE-1 LNCaP PC3

Ni
le 

re
d

Oi
l re

d o

RWPE-1 LNCaP PC3

RWPE-1

PLCε

SREBP-1

FASN

β-actin

LNCaP PC3

RWPE-1 PC3LNCaP

**
**

150

100

50

0

Ni
le 

re
d p

os
iri

ve
 ce

lls
 (%

)

RWPE-1 PC3LNCaP

**
***250

200

150

100

50

0

Re
lat

ive
 lip

id 
dr

op
let

 le
ve

l (
%

)

PLCε FASNSREBP-1

***3

2

1

0Re
lat

ive
 ex

pr
es

sio
n l

ev
el 

of
 m

RN
A

***
***

***

***
***

PLCε/
β-actin

FASN/
β-actin

SREBP-1/
β-actin

***
1.5

1.0

0.5

0.0

Re
lat

ive
 ex

pr
es

sio
n o

f p
ro

te
in

***
***

***
***

***

RWPE-1
LNCaP
PC3

A

C

E F

B

D

G

Figure 2. �PLCe and lipid metabolism are increased in PCa cells. (A–D) Lipid droplets content level of the PCa cells (LNCaP, PC3) and 
RWPE-1 cells were analyzed by Nile red staining and Oil red O staining (400×, 200 μm bar). (E–G) Western blot and qPCR 
were performed to test the protein and mRNA expression levels of SREBP-1, FASN, and PLCe. The intensity of protein was 
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and among the various clinical parameters, histological stage 
(P=0.004) and bone (P=0.024) and visceral (P=0.022) metas-
tasis were positively correlated with expression of PLCe. These 
results suggested that the excessive expression of PLCe is as-
sociated with PCa metastasis. In addition, Kaplan‑Meier surviv-
al analysis demonstrated that the high expression of PLCe was 
associated with low progression‑free survival (PFS) (95% CI, 
18–27 months; median 23 months) compared with low PLCe 
(95% CI, 26–31 months; median 29 months), suggesting that 
high expression of PLCe can cause worse PFS (Figure 1G).

PLCe knockdown suppresses lipid accumulation of PCa 
cells

Although clinical research revealed the expression of PLCe was 
associated with SREBP-1 and FASN, it remains unclear wheth-
er PLCe can regulate lipid content in prostate cancer. For this 
purpose, we compared the fatty acid synthesis of human nor-
mal prostate epithelial cells (RWPE-1) and PCa cell lines (LNCaP 
and PC3). Later results showed that the lipid droplets con-
tent of RWPE-1 cells was lower than that of PCa cell lines as 
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Figure 3. �Silencing PLCe suppresses proliferation-related factors and fatty acid synthesis-related enzymes in PCa cell lines. (A–D) PC3 
and LNCap cells treated with 3 types of lentivirus for knocking down PLCe, and the PLCe protein and mRNA levels were 
detected by Western blot and qPCR. (E–J) Knockdown of PLCe decreased the protein and mRNA levels of lipid metabolism-
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determined by Nile red staining (Figure 2A, 2B) and ORO stain-
ing assays (Figure 2C, 2D). Meanwhile, the protein and mRNA 
of PLCe, SREBP-1, and FASN were examined in RWEP-1 cells, 
LNCaP cells, and PC3 cells by Western blot and qPCR, respec-
tively. The results revealed that the mRNA and protein levels 
of PLCe, SREBP-1, and FASN in RWEP-1 cells were significantly 
lower than in LNCaP and PC3 cell lines (Figure 2E, 2G). These 
experiments indicated that PLCe and the related factors of lip-
id metabolism were increased in PCa cells.

Subsequently, to explore the effect of upregulated PLCe on lip-
id metabolism of PCa cell lines, 3 diverse lentiviral short hair-
pin (Lv-sh) RNAs for PLCe were transfected into PCa cell lines 
(LNCaP and PC3), respectively, and Lv-sh-PLCe#3 observably de-
creased both protein and mRNA levels of PLCe as determined by 
Western blot and qPCR (Figure 3A–3D). The results suggested 
that, compared with negative control, the knocked-down PLCe 

inhibited the mRNA and protein levels of related factors of lip-
id metabolism and proliferation in PCa cell lines (Figure 3E–3J). 
Furthermore, the ORO and Nile red staining consistently re-
vealed that knockdown of PLCe downregulated the level of lip-
id droplets (Figure 4A–4D). Ki-67, clone formation, and CCK-8 
assays also demonstrated that knockdown of PLCe decreased 
the proliferation ability of PCa cells (Figure 4E–4J). Altogether, 
these observations suggested that knockdown of PLCe can 
inhibit both lipid metabolism and proliferation of PCa cells.

Silencing PLCe blocks SREBP-1 nuclear translocation

To further explore the underlying mechanism by which PLCe 
regulates SREBP-1 signaling in PCa, we performed follow-up 
experiments. Immunofluorescence assays demonstrated that 
silencing PLCe can decrease SREBP-1 expression in cell nu-
clei (Figure 5A). In addition, compared with negative control, 
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the protein level of SREBP-1 was markedly downregulated in 
cell nuclei of prostate cancer cells after knocking down PLCe, 
as shown by Western blot (Figure 5B–5E). These results show 
that PLCe regulates lipid metabolism of prostate cancer through 
nuclei of SREBP-1.

PLCe knockdown suppressed lipid content through AMPK/
SREBP-1 in vitro

We showed that silencing PLCe can suppress lipid metabo-
lism by SREBP-1 in cell nuclei, but the underlying mechanism 
is unknown. Recent studies reported that some of factors can 
play a crucial role in lipid metabolism and irreversibly bind to 
SREBP-1, such as AMPK [21]. Meanwhile, a growing body of 
research suggests that activation of AMPK can drive prostate 
cancer cell death [24,28,29]. However, whether PLCe regulates 
SREBP-1 via AMPK is unknown. Thus, more detailed stud-
ies are needed to uncover the underlying mechanism. To ex-
plore this idea, a series of silencing PLCe were executed and 
then the expression of total-AMPKa and phosphorylation of 
AMPKa (p-AMPKa) and SREBP-1 were detected, showing that 
the knockdown of PLCe decreased the protein expression of 
SREBP-1 and increased p-AMPKa expression, but it did not al-
ter the protein level of total-AMPKa (Figure 6A–6D). To further 
probe the effect of PLCe in regulating SREBP-1 by AMPK, we 
treated with an inhibitor of AMPK, dorsomorphin, which can 
suppress the phosphorylation of AMPK. Importantly, the results 
revealed that p-AMPK and SREBP-1 were reversed in the PLCe 

knockdown group after adding dorsomorphin (Figure 6A–6D). 
Furthermore, Nile red staining, clone formation, and fluores-
cence Ki-67 assays also showed the same results, that PLCe 
can suppress lipid metabolism and proliferation of PCa cells 
via AMPK/SREBP-1 (Figure 6E–6J). Taken together, these results 
show that PLCe knockdown can suppress lipid metabolism of 
different prostate cancer cells by AMPK/SREBP-1.

Silencing PLCe suppresses lipid metabolism and 
proliferation of PC3 cells in vivo

We found that knockdown of PLCe suppressed lipid metabo-
lism and proliferation of PCa cells in vivo. We injected 2×106 
of negative group or silencing PLCe PC3 cells (knockdown PLCe 
group) into the right flank subcutaneous tissue of each nude 
mice and divided them into 2 group as above. The nude mice 
were killed 42 days later, tumors were excised, and then as-
sessed and measured. Compared with the negative group, the 
IHC results revealed that the expressions of PLCe, SREBP-1, 
and Ki-67 were reduced in the knockdown PLCe group but 
were increased in the p-AMPKa group (Figure 7A). Meanwhile, 
the silencing PLCe decreased the growth, weight, and volume 
of tumors compared with the control group (Figure 7B–7D). 
Overall, these results demonstrated that PLCe knockdown sig-
nificantly suppressed lipid metabolism and proliferation of 
PCa cells in vivo.
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Figure 5. �Silencing PLCe blocks SREBP-1 nuclear translocation. (A) Immunofluorescence staining revealed SREBP-1 intracellular 
distribution changes in LNCap and PC3 cells. (B–E) Western blot illustrated that silencing PLCe observably downregulates 
SREBP-1 expression in the nucleus but not in the cytoplasm in the 2 PCa cell lines.

e924328-8
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zheng Y. et al.: 
Phospholipase C{e regulates prostate cancer lipid metabolism and proliferation…

© Med Sci Monit, 2020; 26: e924328
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



LNCaP

total-AMPKα

p-AMPKα (Thr172)

SREBP-1

β-ACTIN

NC
shPLCε

Dorsomorphin

+
–
–

–
+
–

–
+
+

–
–
+

PC3

total-AMPKα

p-AMPKα (Thr172)

SREBP-1

β-ACTIN

NC
shPLCε

Dorsomorphin

+
–
–

–
+
–

–
+
+

–
–
+

LNCaP

PC3

NC shPLCε shPLCε+Dorsomorphin Dorsomorphin

LNCaP

PC3

NC shPLCε shPLCε+Dorsomorphin Dorsomorphin

LNCaP

PC3

NC shPLCε shPLCε+Dorsomorphin Dorsomorphin

t-AMPKα

ns

ns ns1.5

1.0

0.5

0.0

Re
lat

ive
 ex

pr
es

sio
n 

of
 pr

ot
ein ns

p-AMPKα

β-actin

LNCaP

***

***
***

SREBP-1

***
***

NC
shPLCε
shPLCε+Dorsomorphin
Dorsomorphin

NC
shPLCε
shPLCε+Dorsomorphin
Dorsomorphin

NC
shPLCε
shPLCε+Dorsomorphin
Dorsomorphin

NC
shPLCε
shPLCε+Dorsomorphin
Dorsomorphin

NC
shPLCε
shPLCε+Dorsomorphin
Dorsomorphin

t-AMPKα

ns

ns ns1.5

1.0

0.5

0.0

Re
lat

ive
 ex

pr
es

sio
n 

of
 pr

ot
ein ns

p-AMPKα

β-actin

PC3

*

***
***

SREBP-1

***
***

LNCaP

ns

**
**

150

100

50

0

Ni
le 

re
d p

os
iti

ve
 ce

lls
 (%

)

ns

**
**

PC3

LNCaP

ns

***
**

150

100

50

0

Ki
-6

7 p
os

iti
ve

 ce
lls

 (%
)

ns

***
**

PC3

LNCaP

ns

**
**

300

200

100

0

Nu
m

be
r o

f c
ol

on
ies

ns

**
**

PC3

A

C

E

G

B

D

F

H

e924328-9
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zheng Y. et al.: 
Phospholipase C{e regulates prostate cancer lipid metabolism and proliferation…
© Med Sci Monit, 2020; 26: e924328

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Figure 6. �Silencing PLCe suppresses proliferation and lipid metabolism through AMPK/SREBP-1. (A–D) The protein levels of total-
AMPKa, p-AMPKa, and SREBP-1 of PCa cells with different treatments, as determined by Western blot. (E, F) Nile red staining 
assay was used to assess lipid droplets content of PCa cells with different treatments. (G–J) Fluorescence of Ki-67 and colony 
formation assay were used to examine proliferation of PCa cells with different treatments. *** p<0.001, ** p<0.01, * p<0.05, 
ns – no statistical significance; NC – negative control. (400×, 200 μm bar).
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Discussion

Finding the appropriate therapy for PCa and discovering new 
biomarkers to predict prostate cancer are challenging. Growing 
evidence indicates that the increasing number of cancer cells 
demands reprograming metabolism for progression and devel-
opment [30], and lipogenesis is required for membrane syn-
thesis and energy resource of cancer cells [31,32]. Previous re-
search has reported that high levels of lipogenesis are found 
in different types of carcinomas, such as pancreatic cancer, 
breast cancer, and even prostate cancer [33–35]; therefore, 
suppressing the lipid metabolism may be a potential thera-
peutic strategy.

Our previous study indicated that PLCe is associated with fat-
ty acid metabolism and has a pivotal role in proliferation of 
CRPC cell lines [13,26,36] but whether it affects lipid metab-
olism of PCa cells is poorly understood. Our previous studies 
also reported that PLCe, as an oncogene, can regulate malig-
nant biological behavior of renal cell carcinoma and urinary 
bladder carcinoma of [37,38]. These studies suggested that 
PLCe is essential for the occurrence and progression of urinary 
system malignant tumors. Therefore, we detected the protein 
of PLCe by IHC, showing that PLCe level was higher and pos-
itively associated with histological stage and with bone and 
visceral metastasis. Meanwhile, high expression of PLCe in-
dicated shorter PFS in patients with PCa. More importantly, 
increased PLCe was positively associated with fatty acid syn-
thesis-related factors (SREBP-1 and FASN). Recent publications 
reported that SREBP-1 is a crucial transcriptional factor in lipid 

uptake and lipogenesis control [39,40] and high expression in 
cancers [14,15,41]. In addition, the mature SREBP-1 is trans-
located into the nucleus to drive fatty acid synthesis [42,43]. 
To explore the detailed molecular mechanism, an appropriate 
strategy for silencing PLCe of LNCap and PC3 cells was demon-
strated. This study revealed that knockdown PLCe can suppress 
lipid metabolism through inhibiting SREBP-1 nuclear translo-
cation and proliferation of LNCap and PC3 cells.

SREBP-1 is a central regulator of metabolic flux and oncogenic 
signaling. Recent studies have reported some genes, such as 
AMPK, can directly bind to or regulate SREBP-1 in lipid metab-
olism [21,44]. Moreover, some reports have suggested its criti-
cal role in some types of cancer [45–47], even in prostate can-
cer [18,48]. However, to the best of our knowledge, the function 
of AMPK in lipid metabolism of PCa has not been previously 
reported. Thus, we sought to identify whether there is a rela-
tionship among PLCe, AMPK, and lipid metabolism. Our study 
is the first to show the role of the PLCe/AMPK/SREBP-1 signal-
ing pathway in the lipid metabolism of PCa. We plan to veri-
fy these results in vivo, as animal experiments also suggested 
that PLCe can regulate lipid metabolism and proliferation of 
PCa, which is consistent with in vitro experiments.

Conclusions

This study demonstrates that elevated PLCe induces activation 
of the AMPK/SREBP-1 signaling pathway to drive prostate can-
cer lipid metabolism and malignant proliferation.
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Figure 7. �Silencing PLCe suppresses lipid metabolism and proliferation of PC3 cells in vivo. (A) Immunohistochemical assays were 
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