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Abstract: Hepatocellular carcinoma (HCC) is one of the most common and serious types of 
cancer in the world. Currently, the treatment options for patients with HCC are limited. Lipid 
metabolic alterations are being recognized as a therapeutic target in the past few years. De 
novo lipogenesis has been frequently observed in HCC. Fatty acid synthase (FASN) is the 
key enzyme of de novo lipogenesis. Previous studies have indicated that loss of FASN 
suppresses the growth of HCC cells, but it cannot completely prevent HCC formation 
in vivo. Thus, other mechanisms that can support HCC tumor formation in the absence of 
de novo lipogenesis maybe existed. In a study recently published in Gut, Che and colleague 
investigated the functions of Fasn in HCC mouse model and explore the crosstalk between de 
novo lipogenesis and cholesterol biosynthesis-associated pathway during HCC development. 
These findings highlight the simultaneous inhibition of de novo lipogenesis and cholesterol 
biosynthesis as a novel therapeutic and prevention strategy for HCC. 
Keywords: hepatocellular carcinoma, HCC, cholesterol, fatty acid, lipogenesis, biosynthesis

Hepatocellular carcinoma (HCC) is the fourth commonest diagnosed cancers in the 
world.1 It is one of the few cancers in China with incidence rates that continue to 
rise in recent years.2 For patients with HCC, the treatment options are limited and 
vary significantly by disease extent. Multikinase inhibitors, such as sorafenib and 
regorafenib, have always been the first-line treatment regime of advanced HCC, but 
their long-term survival benefit is limited.3 Therefore, exploring disease mechan-
isms and finding new therapeutic targets of HCC could possibly extend the life of 
patients more effectively.

A growing body of evidence suggests that cancer cells need to reprogram the 
metabolism in order to support the increased biomass synthesis for their survival 
and growth.4 Metabolic reprogramming in cancer cells includes the upregulation of 
glycolysis, glutaminolysis, lipid metabolism, pentose phosphate pathway, and other 
biosynthetic pathways.5 Among them, lipid metabolic alterations are increasingly 
being recognized in the past few years.6 Increased de novo lipogenesis (synthesis of 
fatty acids from acetyl-CoA) has been observed in various cancer types, including 
HCC.7,8 Fatty acid synthase (FASN) is the key enzyme of de novo lipogenesis. 
Previous findings have indicated that HCC tissues have higher FASN expression 
levels as compared with non-tumorous liver tissues.9,10 Additionally, loss of FASN 
function in combination with c-Met expression has been shown to suppress the 
tumorigenesis in the livers of mice with activated protein kinase B (PKB) 
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overexpression.11 However, FASN silencing only sup-
pressed the growth of HCC cells, but it could not com-
pletely prevent HCC formation in vivo.12 These emerging 
observations suggest that other mechanisms that can sup-
port HCC tumor formation in the absence of de novo 
lipogenesis maybe existed. Nowadays, cholesterol bio-
synthesis alteration is recognized as one of the cancer 
features.13 The rate-limiting enzyme of cholesterol bio-
synthesis, β-hydroxy β-methylglutaryl-CoA reductase 
(HMGCR), is frequently upregulated in HCC tissues.10 

Moreover, drugs targeted HMGCR, such as statins, have 
been demonstrated to reduce the risk of HCC development 
in a large-scale epidemiological study.14 All these evi-
dence suggest that the cholesterol biosynthesis pathway 
plays a critical role in HCC initiation and progression. In 
a study recently published in Gut, titled “Cholesterol bio-
synthesis supports the growth of hepatocarcinoma lesions 
depleted of fatty acid synthase in mice and humans”, Che 
et al15 investigated the functions of Fasn in HCC mouse 
model and explore the crosstalk between de novo lipogen-
esis and cholesterol biosynthesis-associated pathway dur-
ing HCC development.

In this study, the authors generated FasnLKO mice to 
explore whether sgPten/c-Met-driven HCC tumorigenesis 
requires Fasn and Fasn-mediated de novo lipogenesis. The 
FasnLKO mouse model for sgPten/c-Met-driven HCC 
tumorigenesis was generated through two distinct 
approaches. One approach is to generate FasnLKO mice 
by breeding Fasnfl/fl mice with AlbCre mice and then inject 
the expression plasmids of sgPten and c-Met into FasnLKO 

mice. Another approach is to hydrodynamically inject the 
expression plasmids of sgPten, c-Met and Cre into Fasnfl/fl 

mice. All mice in the control group (sgPten/c-Met-injected 
Fasnfl/fl mice) developed HCC by 8–10 weeks after injec-
tion. In contrast, all FasnLKO mice with sgPten and c-Met 
expression stayed healthy during this period. However, 
HCC tumorigenesis was not abolished by Fasn deletion. 
Within 14–40 weeks after injection, all sgPten/c-Met- 
injected FasnLKO mice exhibited malignant lesions in the 
liver. The authors performed a global gene expression 
microarray to further elucidate the underlying mechanism 
of Fasn in HCC tumorigenesis. They found that Fasn 
deletion leads to Srebp2 activation, which further leads 
to the increased expression of genes associated with cho-
lesterol biosynthesis.

By comparing the lipid profiles between Fasn positive 
and negative HCC tissues, the authors found that the levels 
of triacylglycerols, triacylglycerols, and free fatty acids 

were lower and cholesterol ester was higher in Fasn nega-
tive HCC tissues. Additionally, the analyses of fatty acid 
composition and source showed that the overall contribu-
tion of dietary fatty acid in Fasn negative HCC increased 
significantly. These observations suggest that when de 
novo lipogenesis is suppressed, fatty acid uptake is the 
main compensation mechanism for obtaining the fatty acid 
required for HCC tumorigenesis. Furthermore, by combin-
ing the genomics and lipidomics analysis, the authors 
found that inhibit de novo lipogenesis may trigger 
Srebp2 activation and increase cholesterol biosynthesis 
during HCC tumorigenesis. Therefore, they hydrodynami-
cally injected sgPten/c-Met and dnSrebp2 plasmids into 
FasnLKO mice (sgPten/c-Met/dnSrebp2 FasnLKO mice) to 
evaluate the effect of Srebp2 on HCC tumorigenesis. All 
control mice injected with sgPten/c-Met and pT3 empty 
vector exhibited liver tumors within 15–31 weeks after 
injection; however, sgPten/c-Met/dnSrebp2 mice did not 
develop liver tumors until 50 weeks after injection. These 
findings indicate that the simultaneous inhibition of de 
novo lipogenesis mediated by Fasn and cholesterol bio-
synthesis driven by Srebp2 may completely prevent HCC 
tumorigenesis. Further cell biological experiments con-
ducted on human HCC cell lines showed that silencing 
FASN by siRNA might lead to the compensatory activa-
tion of SREBP2/HMGCR cascade in human HCC. 
Additionally, the mRNA levels of SREBP2 and its tran-
scriptional programme-associated genes were upregulated 
in HCC tissues, as well as the cholesterol pathway activa-
tion was a poor prognostic factor in patients with HCC.

From the previous studies, we have already known that 
abnormal activation of FASN and FASN-mediated de novo 
lipogenesis are necessary for HCC initiation. Suppressing 
de novo lipogenesis mediated by FASN can inhibit cancer 
cell proliferation of HCC both in vitro and in vivo. 
However, in the case that the de novo lipogenesis is 
completely inhibited, HCC can still maintain survival and 
proliferation through other mechanisms. The present study 
reported for the first time that Fasn silencing and inhibition 
of de novo lipogenesis mediated by Fasn delays HCC 
formation, but does not completely prevent sgPten/c-Met- 
driven HCC tumorigenesis in mouse models. In addition, 
the upregulation of cholesterol biosynthesis driven by 
Srebp2 in the liver of FasnLKO mice eventually led to the 
occurrence of HCC. These findings reveal a novel bio-
chemical interaction between de novo lipogenesis and 
cholesterol biosynthetic pathways in HCC initiation. 
Blocking the biosynthesis of cholesterol can completely 
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prevent the HCC formation in mice when Fasn is lost. All 
the above findings strongly suggest that simultaneous inhi-
bition of de novo lipogenesis and cholesterol biosynthesis 
is a novel therapeutic and prevention strategy for HCC. 
Moreover, this molecular mechanism needs to be further 
verified in other tumor types as it may occur widely in 
various cancer types.
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