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Abstract

Inhibition of cholesterol de novo synthesis (DNS) by statins has controversial ef-
fects on the treatment of hepatocellular carcinoma (HCC). High fatty acid conditions
have been reported to limit the effect of statins on metabolism diseases. Whether
high fatty acid conditions interfere with the effect of statins on HCC remains un-
clear. Here, we reported that inhibiting cholesterol DNS with atorvastatin promoted
the oncogenic capabilities of diethylnitrosamine (DEN) in mice fed high fatty acid
diets (HFD). The combined analysis of metabolomics and transcriptomics revealed
that arachidonic acid (AA) metabolism was the most significant changed pathway
between mice with and without atorvastatin treatment. In vitro, in the presence of
AA precursor linoleic acid (LA), atorvastatin promoted the proliferation and migration
ability of HCC cell lines. However, in the absence of LA, these phenomena disap-
peared. TCGA and tissue microarray examination revealed that prostaglandin e syn-
thase 2 (PTGES2), a key enzyme in AA metabolism, was associated with the poor
outcome of HCC patients. Overexpression of PTGES2 promoted the proliferation
and migration of HCC cell lines, and knockdown of PTGES2 inhibited the prolifera-

tion and migration of cells. Additionally, atorvastatin upregulated PTGES2 expression

Abbreviations: AA, arachidonic acid; DEGs, differential expression genes; DEN, diethylnitrosamine; DNS, de novo synthesis; H&E, hematoxylin and eosin; HCC, Hepatocellular
carcinoma; HFD, high fatty acid diets; LA, linoleic acid; PGE2, Prostaglandin E2; PGH2, prostaglandin H2; PTGES2, Prostaglandin E Synthase 2; SREBP2, Sterol-regulatory element

binding protein 2.
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transcription.
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common cancer
and the fourth leading cause of cancer-related death worldwide.!
The incidence of HCC continues to rise, with more than one million
new cases expected in 2025.2 Although multiple systemic therapies
have been applied to treat HCC, patients still face undesirable out-
comes, with 5-year survival below 20%.% Therefore, understanding
the mechanisms of HCC progression and seeking new therapeutic
targets are critical for public health.

Cholesterol is an essential neutral lipid that maintains the
membrane's physical properties and synthesizes the bile acid and
steroid hormones.* The upregulated cholesterol de novo synthe-
sis (DNS) has been found in HCC.” Previous studies indicated that
the upregulated cholesterol synthesis was associated with cellu-
lar inflammation and fibrosis, which promoted the oncogenesis
and progression of HCC. However, the effect of inhibiting choles-
terol DNS by statins in HCC is controversial. Some clinical stud-
ies indicated that statins reduced the risk of HCC.® In contrast, a
recent prospective study with 8.4 follow-up years declared that
inhibiting cholesterol synthesis with statins did not affect the
risk of HCC occurrence.” A mice study also revealed that inhib-
iting cholesterol synthesis at a late stage promoted oncogene-
sis of HCC in aging mice.® These studies indicated that inhibition
of cholesterol DNS might have different effects under different
backgrounds.

Inhibiting cholesterol DNS with statins has been recommended
as the first-line strategy to treat hypercholesteremia and athero-
sclerosis. However, clinical studies revealed that statins failed to
improve the pro-atherogenic alterations in combined hyperlipid-
emia patients with high triglyceride levels.” The risk of diabetes
was also increased in combined hyperlipidemia patients treated
with statins.)®! These results suggested that the fatty acid me-
tabolism might affect the role of statin in treating metabolic dis-
ease. Whether high fatty acid conditions affect the role of statin
in HCC remains unclear.

Here, we inhibited cholesterol DNS with atorvastatin and
provided sufficient fatty acid with high-fat diets (HFD) in a di-
ethylnitrosamine (DEN)-induced HCC mice model. We found
that inhibiting cholesterol DNS promoted HCC progression in the

by enhancing Sterol-regulatory element binding protein 2 (SREBP2)-mediated tran-
scription. Knockdown of PTGES2 reversed the proliferation and migration ability en-
hanced by atorvastatin. Overall, our study reveals that a high fatty acid background is
one of the possible conditions limiting the application of statins in HCC, under which
statins promote the progression of HCC by enhancing SREBP2-mediated PTGES2

arachidonic acid metabolism, cholesterol DNS, HCC, PTGES2, statin

presence of high fatty acids. Additionally, metabolomics and tran-
scriptomics analysis revealed that the enhanced arachidonic acid
(AA) metabolism might participate in the effect of promoting HCC
progression induced by statin in the presence of high fatty acid.
More importantly, PTGES2 upregulated by SREBP2 was a key fac-
tor connecting cholesterol synthesis and arachidonic acid metab-

olism in HCC progression.

2 | MATERIALS AND METHODS

2.1 | Mice and hepatocellular carcinoma induction
Fourteen-days-old C57BL/6 mice were intraperitoneally injected
with DEN (Sigma, Germa, NO756) at a dose of 20mg/kg. Age-
and gender-matched mice were randomly divided into HFD and
HFD + atorvastatin groups. Fourweeks later, all mice were fed HFD
diets. Atorvastatin (Pfizer) (2mg/kg/day) was orally administered to
the mice in HFD +atorvastatin groups. All mice were kept in sterile
cages at a temperature of 24°C with a 12h light/dark cycle. The mice
were killed 7 months later.

2.2 | Cellculture

HUH-7, SK-HEP1, and HepG2 cells were previously owned by our
laboratory. All cells were cultured with DMEM added with 1% peni-
cillin-streptomycin (Beyotime Biotechnology, China, C0222) and
10% FBS (NATORCO, Argentina). Linoleic acid (LA) (Sigma, Germa,
L5900) and atorvastatin were applied to treat cells according to the

experimental condition.

2.3 | Hepatocellular carcinoma tissue microarray

Hepatocellular carcinoma patients who had undergone hepatectomy
in the department of hepatobiliary surgery of the Second Affiliated
Hospital of Chongging Medical University in 2015-2016 were re-
cruited for this study. The clinical data of the recruited patients are

shown in Table S1.
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2.4 | Metabolomics analysis

Sample preparation, HILIC UHPLC-Q-TOF MS, and data analysis
were performed by Shang Applied Protein Technology (http://www.
aptbiotech.com/). Metabolites with VIP >1 and p-values of univari-
ate analysis <0.05 were regarded as having significant differences.

2.5 | Transcriptome sequencing

Sample preparation, sequencing, and bioinformatics were per-
formed by Novogene (https://cntest.novogene.com/). Genes with
fold change >1.3 and p-value <0.05 were regarded as having signifi-

cant differences.

2.6 | Histologic analysis and
immunohistochemical staining
Protocols provided for the H&E
Biotechnology, China C0105M) were followed for H&E staining.
For immunohistochemical (IHC) staining, the procedures of the

staining kit (Beyotime

commercial kit (ZsBio, Beijing, China, SP-9001) were followed.
The primary antibodies applied for IHC were as follows: anti-Ki67
(Abcam, ab16667) and anti-PTGES2 (Proteintech, 10,881-1-AP).
The IHC score was calculated based on the degree of staining
(0~ 3 divided into negative staining, light yellow, light brown, dark
brown) and positive range (0~5 divided into 0, 0%-1%, 1%-10%,
10%-33%, 33%-66%, 66%-100%).

2.7 | EdU staining

The EdU probe kit was purchased from RiboBio (C10310-1).
Procedures were consistent with the protocols provided by
RIBOBIO.

2.8 | Cell Counting Kit-8 assay

Cell Counting Kit-8 kits were purchased from MCE (HY-K0301,
USA). Cells were seeded in 96-well plates with culture medium
overnight. Then, cells were treated with a conditional medium as
described above; 100 L Cell Counting Kit-8 (CCK-8) working buffer
was applied to culture cells for 1.5h when cells were treated with
conditional medium for 12, 24, and 48 h. The absorbance was meas-
ured at 450 nm with a microplate reader.

2.9 | Wound healing assay

SK-HEP1 and HuH-7 cells were seeded into six-well plates. When
cells were cultured to 90% confluence, a uniform scratch was made

by a 10-pL sterile pipette tip on monolayer cells. The scratch was
photographed at 0, 12, and 24 h. The wound distance was measured
with Adobe Photoshop 2020 software.

2.10 | Transwell assay

Ten thousand SK-HEP1 cells or 20,000 HuH-7 cells were plated into
the upper compartment. Six hours later, the medium in the upper
compartment was replaced with medium without FBS. After 24h,
cells in the lower compartment were fixed with 4% paraformalde-
hyde for 10 min and stained with 0.1% crystal violet for 30 min.

211 | Western blot

The normalized samples were separated through SDS-PAGE elec-
trophoresis and electroblotted onto PVDF membrane (Millipore,
IPVH00010). After that, membranes were blocked with 5% BSA at
37°C for 1.5h following incubation with primary antibody at 4°C
overnight. Then blots were incubated with HRP-conjugated sec-
ondary antibody. Finally, ECL substrate (Bio-RAD) was applied to
visualize the protein brands. The following primary antibodies were
applied in our study: by proliferating cell nuclear antigen (PCNA)
(CST, #13110), PTGES2 (Proteintech, 10,881-1-AP), and B-actin
(ZSGB-BIO, TA-09).

212 | RT-PCR

Total RNA was extracted with RNAiso Plus (Takara, 9109). Total
RNA was reversibly transcribed to cDNA by the PrimeScript RT
Reagent Kit with gDNA Eraser (TaKaRa, RR047A). cDNA was
amplified with the QuantiFast SYBR Green RT-PCR Kit (Qiagen,
204,156). The primer sequences used in this study are shown in
Table S2.

2.13 | Dual-luciferase reporter assay

HEK293 cells were co-transfected with PTGES2 luciferase reporter
plasmid, pRL-TK-Renilla-luciferase plasmid, and SREBP2 overexpres-
sion plasmid or negative control plasmid (GeneChem). After transfec-
tion for 24 h, promoter activity was analyzed using a dual luciferase

assay kit (Promega) according to the manufacturer's instructions.

2.14 | Statistical analysis

The differences in the measurement data between the two groups
were analyzed with a t-test. The differences in the measurement
data among more than two groups were analyzed with one-way
ANOVA. Bioinformatic analyses were performed with R 4.0.3
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software. Statistical analyses were performed with GraphPad Prism

9.0; p<0.05 was considered statistically significant.

3 | RESULTS

3.1 | Inhibiting cholesterol de novo synthesis
promoted the proliferation and metastasis of
hepatocellular carcinoma in the presence of high fatty
acid

To study the effect of inhibiting cholesterol DNS in vivo, C57BL/6
mice feeding with HFD were treated with atorvastatin for 7 months.

The serum lipid profile of mice is exhibited in Figure S1. Compared

with mice fed with HFD, atorvastatin-treated mice exhibited more
liver tumors and a higher lung metastasis rate (Figure 1A-C). The tu-
mors in the liver and lung were verified by H&E staining (Figure 1D).
As stained by PCNA, tumors from atorvastatin-treated mice showed
more proliferated cells (Figure 1E).

3.2 | Inhibiting cholesterol de novo synthesis
activated arachidonic acid metabolism

Metabolomics analyses were performed to explore the mechanism
by which atorvastatin promoted the metastasis of HCC. Fifty-eight
differential metabolites were detected (Figure 2A). Then, KEGG

enrichment analysis revealed that acid arachidonic metabolism
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FIGURE 2 Inhibiting cholesterol (A)
de novo synthesis (DNS) activated
arachidonic metabolism under a high-fat
diet. Mice were treated with high fatty
acid diets (HFD) or HFD + atorvastatin.
(A) Heat map showing the differential
metabolites. (B) The bubble graph shows
the enriched pathways of the differential
metabolites. (C) The volcano plot shows
the differential expression genes (DEGs)
(D) The bubble graph shows the enriched
pathways of the DEGs. (E) Differential
genes in the arachidonic acid metabolism
pathway. (F) Integrated differential genes
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was changed most significantly under the stimulation of statin
(Figure 2B).

Followingthisline, transcriptomics analysis found 3493 differen-
tial expression genes (DEGs) between HFD and HFD + atorvastatin-
treated mice (Figure 2C). Then, KEGG enrichment analysis also
found that DEGs could be enriched in arachidonic acid metabolism
(Figure 2D). In the arachidonic acid metabolism pathway, 10 genes
(Pla2g5, Cyp2c40, Gpx3, Cyp2b13, Ptgis, Cyp2c70, Cyp2b9, Cyp2cé8,
Ptges2, Gbf1l) were upregulated and five genes (Cbrl, Pla2gé,
Cyp2ul, Ptges, Gpx2) were downregulated significantly in mice
treated with atorvastatin (Figure 2E). The changed metabolites and
genes in the arachidonic metabolism pathway were integrated (see
Figure 2F).

3.3 | Inhibiting cholesterol de novo synthesis
promoted the proliferation and migration of
hepatocellular carcinoma cells in the presence of
arachidonic acid precursor

Because arachidonic acid is an essential fatty acid formed from
dietary LA, we applied 25pM LA to mimic the high LA condition
in vitro. Atorvastatin increased the positive rates of EdU staining
(Figure 3A). The proliferation rates detected by the CCK-8 pro-
liferation assay were also increased in cells treated with atorvas-
tatin in the presence of LA. (Figure 3B). As demonstrated by the
wound healing assay, atorvastatin promoted cellular migration
rates of sk-hep1 and HuH-7 cells in the presence of LA (Figure 3C).
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Transwell assay exhibited the same effects of atorvastatin on cel-
lular migration as the wound healing assay in SK-HEP1 and HuH-7
cells (Figure 3D). However, atorvastatin failed to promote CCK-8
proliferation rates and wound healing rates in the absence of LA
(Figure 3E,F, Figure S2). Collectively, these data indicate that ara-
chidonic acid metabolism plays a key role in promoting HCC prolif-

eration and metastasis induced by inhibiting cholesterol synthesis.

3.4 | PTGES2 associated with arachidonic
acid metabolism was related to the poor
outcomes of patients

The expression of DEGs of AA metabolism was examined in TCGA
database. Cyp2b9, Cyp2c68, Cyp2b13, Cyp2c70, Cyp2c40, and
Cyp2ul are especially expressed in mice. Thus, we failed to ana-
lyze the expression of these six genes in HCC patients. Among the

remaining nine DEGs, PTGES2, CBR1, PLA2G6, GPX3, GPX2, PTGES,
and GBF1 were upregulated in HCC patients, and PTGIS was down-
regulated. PLA2G5 showed no different expression between HCC
and normal subjects (Figure 4A). Collectively, PTGES2, PLA2G6,
GPX3, and GBF1 were upregulated in statin-treated mice and HCC
patients consistently.

We explored the role of DEGs in HCC outcomes. The expres-
sion of PTGES2 and GPX2 increased with the grade of HCC going
up (Figure 4B). The expression of PTGES increased in Grade 1 and
Grade3 patients but decreased in Grade 2 and Grade 4 patients.
PLA2Gé, CBR1, GPX3, GBF1, PTGIS, and PLA2G5 showed no different
expression in different HCC grades (Figure 4B). Additionally, patients
with higher PTGES2 showed poorer survival probability. The survival
probability in patients with higher PTGES and GPX2 was not signifi-
cantly different from patients with lower PTGES and GPX2 expression
(Figure 4C). These data indicate that PTGES2 is a key arachidonic acid
metabolism gene associated with the poor outcomes of HCC patients.
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FIGURE 4 Prostaglandin e synthase 2 (PTGES2) is a risk factor for the poor prognosis of hepatocellular carcinoma (HCC). (A) Differential
gene expression in TCGA database. (B) The expression of differential genes of patients with different clinical grades. (C) The overall survival
of patients with high and low PTGES2, PTGES, and GPX2 expression. (D) Immunochemical staining detected the expression of PTGES2 in
tissue array; **p<0.01, n=86. (E) The overall survival of patients with high and low expression of PTGES2 in the Chongging cohort; p<0.01,
n=43. (F) The recurrence-free survival of patients with high and low expression of PTGES2 in the Chongging cohort; p<0.01, n=43.

3.5 | PTGES2 promotes the proliferation and
migration of hepatocellular carcinoma

Furthermore, as detected by tissue microarray, HCC tumor tis-
sue exhibited higher PTGES2 expression than the paired adjacent
tissue (Figure 4D). Additionally, patients with high PTGES2 expres-
sion showed poorer overall survival and recurrence-free survival
rates (Figure 4E,F). Taken together, these data indicate that PTGES2
might involve the promoting HCC effects of inhibiting cholesterol

In HCC lines, the expression of PTGS2 increased with the enhanc-
ing malignancy of cell lines. HuH-7 and SK-HEP1 cells exhibited the
highest expression, and HepG2 cells exhibited the lowest expression

synthesis. of PTGES2 (Figure 5A). Then, we overexpressed PTGES2 in HepG2
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cells. Overexpression of PTGES2 increased positive EdU staining 3.6 | PTGES2 is essential for hepatocellular

(Figure 5B) and CCK-8 detected cellular proliferation (Figure 5C).
Transwell assay also revealed that overexpression of PTGES2 pro-
moted the cellular migration ability (Figure 5D).

Following this line, PTGES2 was inhibited in SK-HPE1 and HuH-7
cells, which exhibited high PTGES2 expression. As detected by
EdU staining and CCK-8 assay, inhibiting PTGES2 expression de-
creased the cellular proliferation both in SK-HEP1 and HuH-7 cells
(Figure 5E,F). Wound healing and Transwell assay revealed that in-
hibiting PTGES2 expression decreased the cellular migration ability
(Figure 5G,H).

carcinoma proliferation and migration promoted by
inhibiting cholesterol de novo synthesis

In vivo, mice treated with atorvastatin showed higher PTGES2 ex-
pression (Figure 6A). In vitro, atorvastatin promoted the protein and
MRNA expression of PTGES2 in a dose-dependent manner both
in SK-HEP1 and HuH-7 cells (Figure 6B-E). Atorvastatin increased
PGE2 concentration in cellular supernatant in the presence of LA
(Figure 6F). While the generation of PGE2 could be attenuated by
si-PTGES2 (Figure 6G).
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FIGURE 6 Inhibiting cholesterol synthesis increased the expression of prostaglandin e synthase 2 (PTGES2) both in vivo and in vitro. (A)
Immunochemical staining detected the expression of PTGES2 in the liver of mice fed with high fatty acid diets (HFD) or HFD +atorvastatin.
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Moreover, si-PTGES2 decreased the positive EdU staining ability of SK-HEP1 and HuH-7 cells compared with the cells treated
(Figure 7A) and CCK-8 detected cellular proliferation under the con- with atorvastatin (Figure 7C,D). Consistently, celecoxib, the inhibitor
dition of LA +atorvastatin (Figure 7B). Wound healing and Transwell of PTGES2/PGE2, inhibited the proliferation and migration of HCC
assay revealed that inhibiting PTGES2 suppressed the migration lines induced by atorvastatin (Figure S3).
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3.7 | The transcription of PTGES2 is upregulated
by inhibiting cholesterol de novo synthesis in a
SREBP2-dependent manner

SREBP2 is a well-known transcription factor regulated by statin. In
the present study, SREPB2 was activated by atorvastatin (Figure S4).
Two potential binding sites of SREBP2 on the PTGES2 promoter
sequence were predicted in the JASPAR database (Table S3 and

Figure S5). Dual-luciferase report assay verified that SREBP2 pro-
moted the PTGES2 transcription (Figure 8A). Both in SK-HEP1 and
HuH-7 cells, overexpression of SREBP2 promoted the mRNA ex-
pression (Figure 8B) and protein expression (Figure 8C). Inhibiting
SREBP2 reversed the upregulation of PTGES2 induced by atorvas-
tatin (Figure 8D). The overexpression and knockdown efficiency of
SREBP2 are exhibited in Figure S6. The graphic abstract of this study
is shown in Figure 8E.
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of PTGES2. In the presence of high fatty
acids, linoleic acid (LA) or arachidonic
acid (AA) provides abundant substrate for
PTGES2, which catalyzes the production
of PGE2 promoting the proliferation and
metastasis of hepatocellular carcinoma
(HCQ).

4 | DISCUSSION
Lipid metabolism reprogramming has been recognized as a hallmark
of HCC progression. Although enhanced cholesterol synthesis has
been observed in numerous kinds of carcinomas, the effect of inhib-
iting cholesterol synthesis in HCC progression remains controversial.
Some meta-analysis and case-control studies declared promising re-
sults of inhibiting cholesterol synthesis with statin in reducing risk
and improving outcomes of HCC.'>1 However, some studies also
declared that long-term application of statin may have some side ef-
fects, such as impairing liver mitochondrial function and increasing
transaminase.'* Studies also reported that statin failed to benefit
HCC in mice and patients.}>*¢

In the present study, inhibiting cholesterol synthesis with ator-
vastatin increased tumor numbers and lung metastasis inan HFD-fed
DEN-induced HCC mouse model. Then, integrative metabolomics

and transcriptomic analysis showed that arachidonic metabolism

AV.0.0.000.00004N

PTGES2 TranscriptionT

\"'\J;j;(f;\esz mRNA

was the most significantly changed pathway in mice treated with
atorvastatin.

Arachidonic acid is an essential fatty acid formed from the di-
etary LA. Under the catalysis of prostaglandin G/H synthase, ara-
chidonate generates prostaglandin G and prostaglandin H2 (PGH2).
Furthermore, prostaglandin E synthase catalyzes PGH2 to convert
into the more stable PGE2. The enhanced arachidonic acid me-
tabolism has been reported to promote the progression of HCC.'
Previous studies have revealed that the upregulated arachidonic
acid metabolism resulted in accumulated prostaglandins and leukot-
rienes in the liver, promoting the proliferation of HCC by activating
ERK.'® We speculated that under the condition of high fatty acid,
due to the abundant substrate to synthesize arachidonic acid, the
metabolism of arachidonic acid was activated and hence promoted
HCC progression.

Then, we treated SK-HEP1 and HuH-7 cells with 25uM LA, the
precursor of arachidonic acid, to mimic the high fatty acid condition
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in vivo. In the presence of LA, inhibiting cholesterol synthesis pro-
moted the proliferation and migration of HCC, which was consistent
with our in vivo data. In the absence of LA, inhibiting cholesterol
synthesis suppressed the proliferation and migration of HCC, which
was consistent with a previous study.!” These data indicated that
inhibiting cholesterol DNS by statin played different roles in HCC
progression under different nutrition states and the activated ara-
chidonic acid metabolism was essential for the role of statin in pro-
moting HCC progression.

There are several key enzymes participating in arachidonic
acid metabolism. Combining our transcriptomics data with survival
analysis in TCGA database, PTGES2 was the only differential gene
consistently negatively associated with the overall survival of HCC.
Furthermore, tissue microarray analysis indicates that PTGES2
protein was upregulated in HCC tissue. Patients with higher
PTGES2 expression exhibited poor overall survival and recurrence-
free survival time. Moreover, overexpression of PTGES2 promoted
cellular proliferation and migration in HepG2 cells, which showed
a small amount of PTGES2 background expression. Consistently,
knockdown PTGES2 inhibited cellular proliferation and migration
in HuH-7 and SK-HEP1 cells, which showed a considerable amount
of PTGES2 background expression. These data demonstrated that
PTGES2 was an oncogene promoting HCC progression.

PTGES2 is a synthase generating PGE2. Kim and colleagues re-
vealed that the increased PGE2 and upregulated PTGSE2 promoted
the progression of breast cancer and was closely associated with
the poor overall survival of patients.20 PGE2 was also found to be
associated with the progression of HCC. On the one hand, PGE2
promoted the proliferation and migration of HCC cells by activat-
ing the YAP pathway and enhancing lipogenesis.?!?? On the other
hand, secreted PGE2 changed the microenvironment to achieve im-
mune escape and tumorigenesis. For example, the accumulation of
PGE2 secreted by tumor cells could convert tumor-suppressive M1
macrophages into cancer-promoting M2 macrophages.23 Therefore,
enhanced PGE2 production mediated by PTGES2 is an important
reason for HCC progression.

In this study, the arachidonic acid metabolites, 20-HETE, leci-
thin, arachidonate, PGF2, and PGH2 were increased in mice treated
with atorvastatin. An increase in PGE2 was also observed in super-
natants of cells treated with LA and atorvastatin. The upregulated
PTGES2 was also found in statin-treated mice and cells under the
conditions of high fatty acid. Inhibiting PTGES2 reversed the ef-
fects of statin in promoting proliferation and migration under the
high fatty acid condition. A PGE2 generation inhibitor, celecoxib,
also weakened the proliferation and migration enhanced by statin.
These results demonstrated that inhibiting cholesterol synthesis
promoted the proliferation and migration of HCC cells in a PTGES2-
dependent manner.

Following this line, we explored the mechanism that inhibiting
cholesterol synthesis regulated PTGES2. As shown by RT-PCR and
western blot analysis, inhibiting cholesterol synthesis increased both
the mRNA and protein expression of PTGES2, suggesting that inhib-
iting cholesterol synthesis might affect the transcription of PTGES2.

SREBP2 is a classical transcription factor controlling the feed-
back regulation of cholesterol DNS. Under normal conditions,
SREBP2 resides within the endoplasmic reticulum (ER). When cho-
lesterol synthesis is inhibited by statin, SREBP2 translocates from
the ER to the Golgi and releases the active NH2-terminal bHLH tran-
scription factor domain. Then, the active domain travels to nuclear
and promotes the transcription of downstream target genes.24'25 As
predicted by the JASPAR database, there are two binding SREBP2
binding sites on the promoter of PTGES2. The dual luciferase re-
porter assay verified that SREBP2 promoted the transcription of
PTGES2. Furthermore, inhibiting SREBP2 decreased the expression
of PTGES2 upregulated by inhibiting cholesterol DNS. These data
indicated that inhibiting cholesterol DNS promoted PTGES2 expres-
sion in a SREBP2-dependent manner.

Collectively, we provide the first evidence that inhibiting choles-
terol DNS promotes HCC progression with high fatty acid loading.
A high-fat diet provides abundant essential metabolic substrates for
the synthesis of arachidonic acid. With this background, inhibiting
cholesterol synthesis upregulates the SREBP2-PTGES2 pathway,
which further promotes HCC progression. Therefore, upregulation
of arachidonic acid metabolism might be an obstacle to antitumor
application of statins. Our results shed light on the crosstalk be-
tween cholesterol synthesis and arachidonic acid metabolism in
HCC progression. These data remind us of the necessity of com-
bining the inhibition of cholesterol metabolism and arachidonic acid
metabolism in HCC therapy.

Regrettably, we failed to obtain the medication history and clinic
serum lipid value of patients recruited in the tissue microarray. The
effect of statin in patients who have high TG/LA levels needs to be
further studied to verify the crosstalk between cholesterol synthe-
sis and arachidonic acid metabolism in HCC progression. Besides
SREBP2, other transcription factors binding the PTGES2 promoter
region were predicted on the JASPAR database (FigureSé). Whether
these transcription factors could be regulated by statin will be ex-
plored in our future research.
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