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Background: Cancer cells often have characteristic changes in metabolism. Besides Warburg
effect, abnormal lipid metabolism is also considered as one of the most typical metabolic symbols
of cancer. Thus, understanding the mechanisms of cell metabolic reprogramming may provide
a potential avenue for cancer treatment.

Materials and methods: In total, 41 pairs of matched samples of primary hepatocellular
carcinoma (HCC) and adjacent non-cancerous liver tissues were collected. Afterward, we
performed quantitative reverse transcriptase polymerase chain reaction to investigate carnitine
palmitoyltransferase-2 (CPT2) expression and then systematically analyzed its relationship with
clinicopathologic features. We further performed proliferation, colony formation, migration and
invasion, drug resistance, and lipogenesis assays to determine the function of CPT2 in HCC.
Results: In this study, we have identified CPT2 which is the rate-limiting enzyme of fatty acid
oxidation, downregulated in HCC and was significantly associated with tumor histological
differentiation and venous invasion. In vitro studies demonstrated that knockdown of CPT2
remarkably enhanced the tumorigenic activity and metastatic potential of hepatoma cells. In addi-
tion, CPT2 silencing induced chemoresistance to cisplatin. Mechanistically, low expression of
CPT2 promoted cancer cell lipogenesis via upregulation of stearoyl-CoA desaturase-1, the key
enzyme involved in the synthesis of monounsaturated fatty acids, at both mRNA and protein
levels in hepatoma cell line.

Conclusion: Altogether, our findings demonstrate that CPT2 has a critical role in HCC
progression and chemoresistance and may potentially serve as a novel prognostic marker and
therapeutic target for HCC treatment.

Keywords: lipid metabolism, CPT2, HCC, SCD1, chemoresistance

Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors and
the leading cause of cancer-related deaths in the world.! Although the death rate of
HCC has decreased with advances in prevention, surgical resection, and targeted
therapies, there are still ~1,000,000 new cases every year. The prognosis of HCC is
very poor, and the S-year survival rate worldwide remains low, mainly because of a
high potential for vascular invasion, metastasis, drug resistance, and recurrence even
after surgical resection.>* Therefore, there is an urgent need to further understand the
molecular mechanism underlying HCC and identify novel treatment strategies that
may help overcome drug resistance.

Aberrant lipid metabolism has been increasingly recognized as an emerging
hallmark of cancer cells, which could clarify the pathogenesis and provide potential
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targets for novel and specific cancer therapies.* Lipogenesis
signaling is continuously activated in cancer cells and pro-
vides cells with membrane building blocks, signaling lipid
molecules, and post-translational modification of proteins
to support cellular transformation and cancer progression.*¢
In HCC, activation of lipogenesis is detected in tumor tissues
characterized by an aggressive phenotype.”” However,
mechanisms underlying the increased lipogenesis in cancers
have not yet been completely clarified. Furthermore, a recent
work has highlighted the importance of fatty acid oxidation
(FAO) to cellular energy homeostasis in cancer metabolism.*
The carnitine palmitoyltransferase-1 and -2 (CPT1 and
CPT2) are two genetically distinct mitochondrial membrane-
bound enzymes and play critical role in the regulation of
FAO in normal cells.!” A few recent reports have shown that
CPT1, a rate-limiting enzyme of FAO, regulates apoptosis
and cancer development and that blocking CPT1 may be a
potential therapeutic strategy.!!!2

In this study, we investigated the potential role of CPT
in HCC. Unexpectedly, CPT2, being another key regulatory
enzyme of FAO, but not CPT1A (the liver isoform of CPT1)
expression is significantly decreased in HCC tissues, most
obviously in poorly differentiated group. Downregulated
CPT2 promotes hepatoma cell proliferation, migration, inva-
sion, and chemoresistance to cisplatin. Furthermore, CPT2
influenced the lipid metabolic pathway. Our study is the first
to apply histopathology to analyze CPT2 expression in tumor
tissues and to show that a reduction in CPT2 expression is
associated with lipogenesis in HCC. Our work offers a novel
approach for understanding aberrant lipogenic metabolism
in HCC and provides a promising diagnostic and prognostic
biomarker for HCC.

Materials and methods

Patients and tissue samples

Matched samples of primary HCC and adjacent non-cancerous
liver tissues were retrieved from the archive of the First Affili-
ated Hospital of Zhejiang University (Hangzhou, China) from
2010 to 2013. Clinical and pathological data, including age,
tumor size, tumor stage, histological grading, tumor encap-
sulation, and venous invasion were reviewed retrospectively.
The tumor stages were categorized according to the tumor-
node-metastasis system by American Joint Committee on
Cancer or the Barcelona Clinic Liver Cancer staging classifi-
cation system. Written informed consents were obtained from
all patients. The study protocol was reviewed and approved
by the ethics committee of the First Affiliated Hospital of
Zhejiang University (Hangzhou, China). For the protein

expression studies, 17 pairs of primary HCC samples were
collected from the Key Laboratory of Combined Multi-organ
Transplantation, Ministry of Public Health, First Affiliated
Hospital of Zhejiang University (Hangzhou, China).

Cell lines and cell culture

HCC cell lines HepG2, Huh7, SMMC-7721, HCC-LM3,
and SK-Hep1 were kindly donated by the Key Laboratory of
Combined Multi-organ Transplantation, Ministry of Public
Health, First Affiliated Hospital of Zhejiang University
(Hangzhou, China). And the use of gifted cell lines was
reviewed and approved by the ethics committee of the First
Affiliated Hospital of Zhejiang University (Hangzhou,
China). SMMC-7721 cell was cultured in RPMI-1640 con-
taining 10% fetal bovine serum. The other cell lines were
cultured in minimum essential medium supplemented with
10% fetal bovine serum. All cells were incubated in a humidi-
fied atmosphere of 5% CO, incubator at 37°C.

Plasmid transfection

The siRNA-1 sequence (CCAGTGAGAACCGAGACAT)
and siRNA-2 sequence (TCTTGAATGATGGCCAGTT),
which respectively matches 875-893 and 212-230 nucleotides
of CPT2 (NM_000098), were separately subcloned into
eukaryotic expression vectors purchased from Genechem
(Shanghai, China, containing hU6-MCS-ubiquitin-EGFP-
IRES-puromycin elements) to construct sShARNA-1 and
shRNA-2. Lentivirus was produced by using the plasmids
and applied to infect HepG2 cells, according to the manu-
facturer’s instructions.

RNA extraction and quantitative reverse
transcriptase polymerase chain reaction
(qQRT-PCR)

Total RNA was extracted by using RNeasy Mini kit (Qiagen
NV, Venlo, the Netherlands) and reverse transcription PCR
was performed using PrimeScript™ II 1st Strand cDNA
Synthesis Kit (Takara, Shiga, Japan) according to the manu-
facturer’s instructions. For qRT-PCR, the cDNA was ampli-
fied by using SYBR®™ Premix Ex Taq™ II (Tli RNaseH Plus;
Takara) and Roche LightCycler®480 (Hoffman-La Roche
Ltd., Basel, Switzerland). All the primers used in this study
were synthesized by Sangon Biotech (Shanghai, China),
and the primer sequences are listed in Table 1.

Western blot assays
Total protein was extracted from the indicated cells by using
RIPA buffer (Beyotime, Shanghai, China) at 4°C. After
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Table | Primer sequences for qPCR

Gene Primer Sequence (5'-3') Product
name size (bp)
CPT2 F CTGTAGCACTGCCGCATTCA 213
R AGAGCAAACAAGTGTCGGTCAA
CPTIA F GACGTGGGAAAAATAAGCAGTC 202
R ATCTTCCCGTTTTTGAAGACAA
ACLY F CAGCAGGACAGCATCTTTTTC 97
R TGGACTTGGGACTGAATCTTG
ACCl F AGTGAGGATGGCAGCTCTGGA 132
R TGAGATGTGGGCAGCATGAAC
FASN  F TGAACGCCGGCACCAATA 97
R GACTGGTACAACGAGCGGATGA
SCDI F GCAGGACGATATCTCTAGCT 93
R GTCTCCAACTTATCTCCTCCATTC
Actin F CCACGAAACTACCTTCAACTCC 174
R GGAGCAATGATCTTGATCTTCA

centrifugation at 14,000 g for 15 minutes at 4°C, the protein
concentrations of supernatants were measured by the BCA
protein assay (Rockford, IL, USA). Equal amounts of protein
lysates were separated by 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis and transferred onto polyvinyl
difluoride membrane. The blots were probed with the fol-
lowing specific primary antibodies: B-actin (1:5,000, ab8227;
Abcam, Cambridge, MA, USA), CPT2 (1:1,000, ab181114;
Abcam), and SCD1 (1:1,000, #2438; CST, Danvers, MA,
USA). Immunodetection was carried out by Luminol Enhancer
Solution (Thermo Fisher Scientific, Waltham, MA, USA),
and scanned by ChemiScope Western Blot image system
(CLiNX Science Instruments, Co., Ltd., Shanghai, China).

Immunohistochemistry

Immunohistochemistry staining was performed by using
paired paraffin-embedded tissues from 17 primary HCC
patients. Briefly, the tissue block was cut into 4 um sections,
deparaffinized, and rehydrated. Antigen retrieval was done in
10 mmol/L citric acid buffer (pH 6.0) ina 750 W microwave
for 15 minutes. After staining with anti-CPT2 antibody (1:500;
ab181114; Abcam) overnight at 4°C, the slides were washed
in phosphate-buffered saline (PBS) and then incubated with
secondary antibody for 30 minutes. The slides were rinsed in
PBS, incubated with DAB for 2 minutes, then rinsed gently in
distilled water, and counterstained with hematoxylin. Nega-
tive control slides were also stained in parallel by using an
isotypic antibody at the same concentration as the primary
antibody. All slides were scanned by using the NDPview
2 system (Hamamatsu Photonics K. K., Systems Division,
Hamamatsu, Japan). The extent of CPT2 staining was scored
by assigning the staining area and intensity of positive
tumor cells (0, negative; 1, weak; 2, moderate; 3, strong).

Cell proliferation and colony formation

assay
For cell proliferation assay, 5x10* cells/well were seeded
in 96-well plate, and cell growth rate was assessed by Cell
Counting Kit-8 (Beyotime). For colony formation assay,
6x10° infected HepG2 cells were placed in 6 cm dish. After
15 days of incubation, the surviving colonies were fixed,
stained with crystal violet, and counted. The experiments
were carried out three times independently.

In vitro wound healing assay

For wound healing assay, cells were seeded in 6-well plate
(1x10° cells/well). After reaching appropriate 90% conflu-
ency, a | ml pipette tip was applied to produce a wound line
on the cell monolayer. Image were captured at 0 and 48 h by
microscopy to assess the rate of gap closure. The distance
between two edges was measured by ImageJ software (NIH,
USA). The results show that wound closure rate = (0 h scratch
width—24 h/48 h scratch width)/0 h scratch width x 100%.

Transwell invasion assay

The invasion ability assay was performed by using tran-
swell chambers with pore size of 8.0 um (EMD Millipore,
Billerica, MA, USA). Filters for invasion assays were coated
with Matrigel (BD Biosciences, San Jose, CA, USA) in the
upper compartment before cell seeding. A total of 1x10°
cells were suspended in 200 pUL of serum-free medium and
seeded in the upper chamber, while 800 UL of medium with
20% FBS was added to the lower compartment. After 48 h,
the total invasive cells on the bottom surface were stained
with Wright-Giemsa Stain kit according to the instruction
(Nanjing JianCheng Technology Co., Ltd, Nanjing, China).
The invading cells were photographed by using NDPview2
and counted.

Cell viability assay

Cell viability was determined with the 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay (Sigma-Aldrich Co., St Louis, MO, USA). Cells
(1x10* cells per well) were seeded in flat-bottom 96-well
plates. After incubation for 16 h, cells were treated with
varying concentrations of cisplatin (Qilu Pharmaceutical Co.,
Ltd., Shandong, China) for 72 h. Then 20 pL MTT solution
(5§ mg/mL) was added to each well, followed by 4 h incuba-
tion at 37°C. Absorbance at 595 nm was measured by using a
multimode detector (Beckman Coulter, Inc., Indianapolis, IN,
USA). Relative cell viability was calculated as a percentage
of untreated controls. Drug sensitivity was determined and
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expressed as the half inhibitory concentration (IC,)), using
standard curve-fitting routines (GraphPad Software, Inc., La
Jolla, CA, USA).

Quantification of triglycerides (TGs),
cholesterol, and phospholipid (PL)

Intracellular TG, cholesterol, and PL content were assayed
by using a tissue TG assay kit (GPO-POD; Applygen
Technologies Inc., Beijing, China), tissue total cholesterol
assay kit (GPO-POD; Applygen Technologies Inc.), and
EnzyChrom™ PL assay kit (BioAssay Systems, Hayward,
CA, USA), respectively, with detailed experimental proce-
dure provided in the kit.

Oil red O staining

Cells were seeded in six-well plate till reaching the conflu-
ence of 80% and incubated at 37°C in a 5% carbon dioxide
incubator. The cell layers were fixed and stained with Oil
red O staining kit according to the manufacturer’s instruction
(Solarbio, Beijing, China).

Statistical analysis

Data are displayed as means =+ standard deviation (SD). Sta-
tistical analyses were made with SPSS 19.0 program (IBM
Corporation, Armonk, NY, USA) and GraphPad Prism 5
(GraphPad Software Inc.). Analysis of variance and Student’s
t-test were used to determine the statistical significance of the
differences between experimental groups. The relationship
between CPT2 expression and clinicopathological variables
was assessed by the chi-square test. A value of P<<0.05 was
considered statistically significant.

Ethical approval

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institution of The First Affiliated Hospital of Zhejiang
University. For this type of retrospective study, formal con-
sent is not required.

Results
CPT2 was frequently downregulated in

HCC tissues and cell lines

Expression of CPT1A and CPT2 in 41 pairs of HCC and their
corresponding non-tumorous liver tissues were analyzed by
qPCR. CPT2 transcripts (defined as a =2.0-fold decrease)
were frequently (58.5%, 24/41) downregulated in the HCC
tissues as compared with the non-tumorous tissues. Moreover,
the transcript levels of CPT2 were significantly lower in most

(83.3%, 15/18) poorly differentiated HCC tissue samples,
compared with that in well and moderately differentiated HCC
tissues (39.1%, 9/23) (P=0.0005; Figure 1 A). However, there
was no difference of CPT1A expression between these two
groups (data not shown). We further assessed the expression
level of CPT2 in normal human hepatocytes (LO2) and dif-
ferent types of HCC cell lines (HepG2, Huh7, SMMC-7721,
HCC-LM3, and SK-Hep1)."*!5 Consistently, we found that
CPT2 was significantly downregulated in poorly differenti-
ated HCC cell lines (HCC-LM3 and SK-Hep1) (Figure 1B).
The immunohistochemistry studies performed with paraffin-
embedded HCC specimens confirmed the downregulation of
CPT2 in HCC, particularly in the most poorly differentiated
HCC tissues and suggested a diffuse cytosolic cellular stain-
ing pattern (Figure 1C—F). These results suggest that CPT2
expression was decreased in HCC.

Downregulated CPT2 expression was
associated with vascular invasion and

tumor differentiation in HCC

The correlation of CPT2 expression with HCC clinicopatho-
logical features was analyzed statistically by using qPCR
data from 41 pairs of informative HCC clinical samples. As
shown in Table 2, lower CPT2 expression was significantly
associated with the presence of vascular invasion (P=0.008)
and poor tumor differentiation (P=0.010), whereas no sig-
nificant relevance was found with age, HBV, o-fetoprotein,
tumor size, tumor encapsulation, or tumor stage.

CPT2-depleted HepG2 cells displayed
increased cell proliferation, metastasis
capabilities, and chemoresistance to
cisplatin

To directly investigate the biological functions of CPT2
in cell proliferation, migration, invasion, and resistance to
chemotherapy, CPT2 was stably and specifically silenced
in HepG2 cells by two different siRNAs (Figure 2A). For
exploring the effect of CPT2 on the growth properties, we
conducted a cell proliferation and colony formation assay.
CPT2 silencing HepG2 cells showed increased growth rates
(Figure 2B) and greater colony-forming abilities (Figure 2C)
than its control group. Then, the effect of CPT2 on hepatoma
cell motility was further studied. In vitro wound healing
assays demonstrated that CPT2-depleted cells filled up the
wound faster as compared with control cells (Figure 2D).
Two-chamber transwell assay was further employed to
determine the effects of CPT2 on the invasion capability of
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Figure | CPT2 expression was downregulated in HCC. (A) Real-time quantitative reverse transcriptase polymerase chain reaction (QRT-PCR) showing that the relative
CPT2 mRNA expression was significantly lower in poorly differentiated HCC tissue (n=18) than that in well and moderately differentiated HCC tissues (n=23) after
adjusting with its corresponding adjacent non-tumorous liver tissues. (B) Both mRNA and protein levels of CPT2 were downregulated in poorly differentiated HCC cell
lines (HCC-LM3 and SK-Hep|) than normal human hepatocytes (LO2) and well-differentiated HCC cell lines (HepG2, Huh7, and SMMC-7721). Values presented are the
mean * SD of three independent experiments. (C—F) Representative images of immunohistochemical staining of CPT2 expression in human liver tissues: (C-D) strong CPT2
expression in adjacent non-tumorous liver parenchyma; (E) moderate CPT2 expression in well- and moderately differentiated HCC tissues; (F) weak CPT2 expression in

poorly differentiated HCC tissues (x400 magnification). **P<<0.01; ***P<0.001.

Abbreviations: CPT2, carnitine palmitoyltransferase-2; HCC, hepatocellular carcinoma; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction.

HepG?2 cells. As shown in Figure 2E, knockdown of CPT2
clearly enhanced the HepG2 cell invasion. Collectively,
these results provide evidence that reduction of CPT2 was
capable of promoting HCC proliferation and metastasis
in vitro. Moreover, an MTT assay was performed to assess
the chemosensitivity of CPT2-depleted HepG2 cells.
Dose-dependent cell viability was measured 72 h after drug
treatment. Compared with control group, CPT2-repressing
HepG?2 cells exhibited much more resistance to cell death
induced by cisplatin (Figure 2F) and a higher IC,  (2.96£1.02
and 2.91£1.04 vs 2.09+1.03, P=0.03).

CPT2 silencing significantly increased the

level of lipogenesis in HepG2 cells

As the development of HCC is accompanied by abnormal
lipid metabolism and CPT2 is one of the rate-limiting
enzymes of fatty acid B-oxidation, we hypothesized that
CPT2 might be involved in the regulation of aberrant lipid
metabolism in HCC cells. So first, we evaluated the effect

of CPT2 on lipid content in HepG2 cells. Our data showed
that HepG2 cells with CPT2 knockdown had significantly
increased levels of intracellular TG, cholesterol, and PLs,
compared to control cells (Figure 3A—C). These results were
further supported by cellular staining with the Oil Red O
staining, indicating that lipid droplets in CPT2-repressing
HepG?2 cells were much more and larger than those in control
cells (Figure 3D). These findings strongly suggested that
CPT2 could promote the reprograming of lipid metabolism
in HCC cells.

CPT2-depleted HepG2 cells promoted
lipogenesis via the upregulation of SCD|
expression

To find out more about how CPT2 influences the process of
lipogenesis, we analyzed the key lipogenic enzymes includ-
ing ACLY, ACCI, FASN, and SCDI in CPT2-repressing
HepG2 cells. Our results indicated that the expression level of
SCD1 was significantly increased at both mRNA and protein
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Table 2 Relationship between CPT2 expression and clinico-
pathological features of HCC patients

Feature n CPT2 expression  P-value
High Low
(n=17) (n=24)
Age (years) 0.896
=60 27 11 16
>60 14 6 8
Hepatitis B surface Ag® 1.000
Negative 9 4 5
Positive 32 13 19
Serum AFP (ng/mL) 0.062
=20 24 13 I
>20 17 4 13
Tumor size® (cm) 0.975
=5 17 7 10
>5 24 10 14
Tumor encapsulation 1.000
Absent 31 13 18
Present 10 4 6
Venous invasion 0.008
Absent 26 15 I
Present 15 2 13
Histological differentiation 0.010
Well and moderate 23 14 9
Poor 18 3 15
Tumor stage 0.885
Stage Il 15 6 9
Stage IlI-IV 26 Il 15
BCLC stage 0.345
A 17 9 8
B 4 2 2
C 20 6 14

Notes: Significant differences are shown in bold. *Partial data not available, statistic
based on available data. ®Measured by the length of the largest tumor nodule.
Abbreviations: CPT2, carnitine palmitoyltransferase-2; HCC, hepatocellular
carcinoma; AFP, o-fetoprotein; BCLC, Barcelona Clinic Liver Cancer.

levels in HepG2 CPT2 knockdown cells when compared to
control cells (Figure 4A and B).

Discussion
In this study, we demonstrated that CPT2 expression is signif-
icantly decreased in poorly differentiated HCC patients and
that low CPT2 expression is highly correlated with several
clinicopathological indicators such as tumor differentiation
and venous invasion. Functional studies illustrate that CPT2
silencing HepG2 cells facilitate cell proliferation, migration,
and invasion. Furthermore, CPT2 repressing cells reduced the
sensitivity to cisplatin. Intriguingly, our work indicates that
CPT2 is involved in lipogenesis via upregulation of SCD1
expression in HCC.

Cancer cells derive >90% of fatty acids from de novo
synthesis during their rapid growth and proliferation, in

respective of an abundant supply of extracellular fatty acids.!

Thus, several key lipogenic enzymes are dysregulated and
abnormally to enhance de novo lipogenesis of cancer cells.
It has been reported that stearoyl-CoA desaturase-1 (SCD1)
expression is elevated in several human cancers, chemi-
cally induced tumors, as well as in oncogene-transformed
cells.!”2* Moreover, SCD1 expression levels are also posi-
tively associated with aggressiveness of hepatocarcinoma,
prostate, and breast cancer.!*?'?2 SCDI is the rate-limiting
enzyme in the catalyzation of saturated fatty acids (SFA)
into monounsaturated fatty acids (MUFAs) and thus main-
tains the balance of the ratio of SFA/MUFA to meet the
functional requirements of the cells. MUFAs are used as
major substrates for the synthesis of various kinds of lipids
including PLs, TGs, and cholesteryl esters, thus facilitating
the unremitting membrane biogenesis process ongoing in
rapidly replicating cells.?® Furthermore, increased levels of
endogenously synthesized MUFA in tumor cells positively
correlated with greater capacity for spontancous metastasis
when implanted in mice.>* More recent work done in cel-
lular models of oncogenic transformation confirmed that
abnormally increased levels of MUFA is a biochemical
hallmark of the carcinogenic process and that this greater
MUFA abundance is predominantly caused by elevated
SCD1 expression/activity.?>2¢

Consistently, our results demonstrate that CPT2 defi-
ciency could promote the lipid synthesis of HCC cells
through the upregulation of SCDI. Since aggressive cancer
cells require lipid for the generation of cellular membranes,
and other essential functions, a reduced lipolytic metabolism
is expected to sustain tumor progression. A previous study
based on genomic profiling shows that CPT1 and fatty acid
incorporation into an oxidative pathway is attenuated in four
aggressive cancer cells, including melanoma, breast, ovarian,
and prostate malignancies, compared to their non-aggressive
counterparts.?’” Another study based on whole genome
microarray has shown that FAO-related genes, besides
CPT1 are downregulated in HCC tissues. However, CPT2
was not mentioned.?® Intriguingly, our data show that the
aggressive cancer cells used in this study possess lower levels
of CPT2, but not CPT1 compared to their non-aggressive
cells. Nevertheless, recent studies have shown that elevated
CPTI1A or CPTIC activity promotes cell survival, tumor
growth, or cellular motility in certain types of cancer cells
and that blocking CPT may be a novel cancer therapeutic
target.'!122%30 These results suggest that FAO pathways may
be attenuated during cancer progression to shunt fatty acids
from B-oxidation to generate more structural and oncogenic
signaling lipids. Blocking CPT1 may still be an attractive
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Figure 2 CPT2-depleted HepG2 cells displayed increased cell proliferation, metastasis capabilities, and chemoresistance to cisplatin. (A) CPT2 expression was confirmed
by qRT-PCR and Western blot. (B) CCK-8 assay and (C) colony formation assay indicate that growth rates are increased in CPT2-repressing HepG2 cells. (D) wound-
healing assay and (E) transwell assay with matrigel showing that cell invasion capability was remarkably increased in CPT2-repressing cells compared with the control group.
(F) CPT2 silencing rendered HepG2 cells more resistant to cisplatin. ShCtrl and shCPT2-1/2 stably knocked down HepG2 cells were treated with different concentrations
of cisplatin (0.1, 0.5, 1.0, 2.0, and 4.0 pg/mL) for 72 h, and then the cell viability was detected by MTT. Data are presented as mean + SD of three independent experiments.
*P<0.05; ¥*P<<0.01; **P<<0.001.

Abbreviations: CPT2, carnitine palmitoyltransferase-2; qRT-PCR, quantitative reverse transcriptase polymerase chain reaction; CCK-8, Cell Counting Kit-8; MTT, 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide.
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Figure 3 CPT2 silencing significantly increased the level of lipogenesis in HepG2 cells. (A) The cellular total TG levels, (B) total cholesterol levels, and (C) total phospholipid
levels showing that lipogenesis is increased in CPT2 silencing HepG2 cells. Data are presented as mean * SD from three independent experiments. (D) The Oil Red O staining
indicating that lipid droplets were much more and greater in CPT2 depleted HepG2 cells. *P<<0.05; **P<<0.01; ***P<0.001.

Abbreviations: CPT2, carnitine palmitoyltransferase-2; TG, triglyceride.
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Figure 4 Upregulation of lipogenic enzyme SCD | in CPT2-depleted HepG2 cells. (A) qRT-PCR analysis for mRNA expression of lipogenic enzyme genes ACLY, ACCI, FASN,
and SCD/ in HepG2 cells as indicated. Data are presented as the mean + SD from three independent experiments. (B) Western blot analysis for protein levels of SCDI in the
indicated cells. (C) Schematic model depicting the activation of lipogenesis by CPT2 downregulation which in turn promotes proliferation, metastasis, and chemoresistance
in HCC. *P<0.05; **P<<0.01.

Abbreviations: CPT2, carnitine palmitoyltransferase-2; HCC, hepatocellular carcinoma; gqRT-PCR, quantitative reverse transcriptase polymerase chain reaction.
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target for combating certain types of cancer with less aggres-
sive or well differentiated features.

Finally, there is currently no reliably effective therapy
for patients with advanced or metastatic stage of HCC, while
traditional chemotherapy with platinum compounds remains
the mainstay therapy for those patients. Unfortunately, the
response to CDDP is plagued by resistance, and this in turn
has been linked to a more aggressive behavior of HCC. Our
results indicate that CPT2-depleted HepG2 cells promote
tumorigenesis and chemoresistance to CDDP. Based on
our observations, it is tempting to speculate that SCD1-
modulated lipid metabolism may, in turn, influence the tumor
progression and chemoresistance in HCC. However, the
precise mechanisms by which SCD1 protects HCC cells from
chemotherapy-induced apoptosis will require further study.
These data were further strengthened by the demonstration
that increased expression of SCD promotes HCC develop-
ment and resistance to chemotherapy, and specific genetic
or pharmacologic SCD suppression resulted in inhibition of
cell proliferation and increased sensitivity to chemotherapy
drugs.!” And it was also manifested by the study that blockade
of SCD1 activity could revert resistance to cisplatin in human
lung cancer stem cells.

In summary, we show a key regulatory role of CPT2 in
SCD1-mediated lipid metabolism in HCC tumorigenesis
and chemoresistance. Furthermore, such a new function
provides an alternative mechanism underlying the CPT2-
mediated aggressiveness of HCC. Thus, our results provide
novel insights into understanding the critical role of CPT2 in
HCC progression and develop new diagnostic and treatment
strategies for HCC.

Conclusion

Altogether, our findings demonstrate that lower CPT2
expression was significantly associated with the presence
of vascular invasion and poor tumor differentiation in HCC.
Subsequently, we illustrated that the downregulation of
CPT2 could promote cell proliferation, migration, invasion,
chemoresistance to cisplatin, and lipogenesis. Our study
would provide a novel potential prognostic marker and
therapeutic target for HCC.
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