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Abstract

Background and Aims: Despite the advance in treatment
modalities, Hepatocellular Carcinoma (HCC) remains a com-
mon cause of cancer morbidity and mortality worldwide.
Lipogenic pathway is expected to become a potential thera-
peutic target for prevention and treatment of HCC.

Aim of Study: Studying the role of lipogenic pathway in
hepatocellular carcinoma.

Material and Methods: We searched the PubMed and
Google scholar databases for relevant studies that evaluated
the expression of lipogenic pathway markers; Sterol Regulatory
Element-binding Proteinl (SREBP1), Fatty Acid Synthase
(FASN) and Stearoyl-CoA Desaturasel (SCD1) in human
HCC tissues.

Results: This review included 12 studies that enrolled
1031 patients with HCC or chronic hepatitis and normal
subjects. SREBP1, FASN and SCD1 were overexpressed in
HCC. SREBP1 expression was positively correlated with
FASN and SCD expressions (7=0.74, p<0.001 and 7=0.82, p
<0.001, respectively). Overexpression of SREBP1 and SCD1
was associated with poor clinico-pathological data and poor
Overall Survival (OS) (HR=23.09; 95% CI=1.21-438.67; p
=0.04) and (HR=6.82; 95% CI=3.53-13.16; p<0.001), respec-
tively.

Conclusion: We concluded that lipogenic pathway acti-
vation plays an important role in HCC development and
prognosis. This review was registered with PROSPERO (CRD
42018087933).

Key Words: FASN — HCC — Lipogenic pathway — SCD1 —
SREBPI.

Introduction

LIVER cancer is a lethal cancer with rising inci-
dence rate in different parts of the world [1]. In
developing countries, Hepatocellular Carcinoma
(HCC) is the second leading cause of cancer death
in male, while its rank is the sixth in developed
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countries [2]. Risk factors for HCC include hepatitis
B (HBV), hepatitis C (HCV), alcohol consumption,
and non-alcoholic fatty liver disease and metabolic
causes [3]. Despite advances in HCC treatment,
only one third of these patients will benefit from
these treatment modalities [4]. This could be attrib-
uted to difficultly in early detection and diagnosis
of HCC. Therefore, most patients are presented at
advanced clinical stage with poor outcome [5].
Moreover, no single chemotherapeutic agent or
combination of agents has led to a significant
increase in overall survival in advanced HCC cases
[6] . So, identification of key drivers and mediators
of HCC remains the hallmark for successful drug
development.

De novo lipogenesis is one of the most impor-
tant metabolic hallmarks of cancer development
and enhance tumor cell survival [7]. It is regulated
by a family of transcription factors known as Sterol
Regulatory Element-Binding Proteins (SREBPs)
[8]1 . SREBPs are composed of three isoforms:
SREBP1a, SREBP1c and SRBEP2 and are encoded
by two sterol regulatory element binding transcrip-
tion factor genes; SREBF1 and SREBF2 [9]. SREB-
Ps are present in a complex form within the Endo-
plasmic Reticulum (ER) membrane. Upon
activation, they undergo proteolytic cleavage with
translocation of the mature N-terminus into the
nucleus [10] . This leads to activation of downstream
target genes such as Fatty Acid Synthase (FASN)
and stearoyl-CoA desaturasel (SCD1).

SREBP1 overexpression has been reported in
a variety of human cancer including prostate and
endometrial cancer and acts as an independent
prognostic marker in breast and pancreatic cancers
[11-14] . Similarly, studies from different tumor types
including breast and ovarian cancers show that
high expression of FASN is associated with tumor
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progression and poor survival [15,16]. Also, high
expression of SCD1 has been observed in different
human cancers and its overexpression predicts a
poor patient outcome [17,18] . Interestingly, severa
studies show that therapeutic targeting of different
proteins involved in the activation of lipogenic
pathway such as SREBP1, FASN and SCD1 may
result in tumor regression [12,19-21] .

We focus in this systematic review and meta-
analyses on observing the expression levels of
SREBP1, FASN and SCD1 in HCC tissue, adjacent
non-tumor tissue and normal control tissue. Also,
we will analyze the correlation between overex-
pression of these markersin HCC tissue with
respect to available clinico-pathological features
and patients survival data. This could provide new
guidelinesfor early diagnosis, evaluate prognosis
and establish a personalized treatment regimen of
HCC.

Material and M ethods

This review was established using a prospective
protocol. It was performed according to the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement [22] . The
project was registered with the PROSPERO data-
base, number CRD 42018087933.

Eligibility criteria:

We evaluated all studies that assessed expression
of SREBP1, FASN and SCD1 in human HCC and
non-HCC tissue. We aso included studies compared
their expressions in association with the clinico-
pathological features and patients outcome. We
did not restrict the search by date or publication
status. During February 2018, we searched PubMed
and Google Scholar using the MeSH terms
“hepatocellular carcinoma’ and “lipogenic pathway,
SREBP1, SCD1, FASN, fatty acid synthetase, sterol
regulatory binding protein 1 and steroayl-coenzyme
A desaturasel”. We also browsed reference lists.
Different methods of assessment were included,
where Immunohistochemistry (IHC) was performed
in eleven studies, quantitative real time-polymerase
chain reaction (QRT-PCR) was reported in eight
studies. Finally, microarray platform and SCD gene
expression from 325 patients of HCC was also
included in which data was obtained from two
independent patient cohort studies [Liver Cancer
Institute (LCI) and Laboratory of Experimental
Carcinogenesis (LEC)].

Selection of studies and data extraction:

Two authors independently checked the ab-
stracts and full-texts to assess the eligibility of the
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articlesfound in the literature search. Any disa-
greements were resolved by discussion with athird
author. Study characteristics, such as the gender,

sample size, tumor stage, histological grade, cir-
rhosis, HBV/HCV (%), method of detection, target
and follow-up were recorded. We assessed the
difference of markers expression between HCC
and non-tumor liver tissue as the primary outcome.

We a'so explored the association between markers
expression and adverse clinicopathological data,

OS and DFS as the secondary outcome.

Dealing with missing data:

We used RevMan Calculator created by Draho-
ta, Amy and Beller Elainen for calculating Standard
Deviation (SD) of mean change from baseline.

Risk of bias assessment:

Two authors independently used Newcastle-
Ottawa Scale (NOS) for assessing the risk of bias
in each study included in thisreview [23].

Data synthesis and analysis:

All statistical analyses were performed using
Review Manager (RevMan) [Computer program].
Version 5.3. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014. We
calculated the Hazards Ratio (HR) with 95% Con-
fidence Intervals (Cl) for each outcome in each
study using fixed model. We choose the fixed
effects model because no heterogeneity between
the pooled studies was observed; p>0.10 and 1%=
0%. Heterogeneity was calculated by Cochran Q-
test and Higgins |-squared statistics (1 %) [24].

Patient involvement. No patients were involved
in any step of designing the review.

Results

Sudy selection and baseline characteristics,
Fig. (1):

Twelve studies, published from 2009-2017,
fulfilled the eligibility criteria and provided the
datato be integrated in systematic review. Summa-
ries of the characteristics of the included studies
wereillustrated in (Table 1). Four studies investi-
gated SREBP1 expression in HCC and correspond-
ing non-tumor tissue (adjacent non-tumor or normal
liver tissues). Six studies reported the expression
of FASN. Also, SCD1 expression was included in
six studies. The quality of the included studies
varied from (range from 5-10) and therefore, data
could be assessed at an acceptable quality level,
(Table 1).
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Table (1): Main characteristics of studies included in the review.
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. Cases Non- Stage  Grade .

Eee;‘:rr)mce Target Dr;e]teet(ﬁt(l)zn no (tumor/  tumor liver Etiology a+nr o+ Téﬂz of Qg?cl)lrj";y
y non)  (cirrhosis’No) HE+1V) 1+ 1V) Y

*Yahagi, N FASN IHC 10/10 73 6 HCV/2HBV/ NM 8//2 Case control 5
(2005) [34] 2NON

e Yamashita, T. SREBP1 gRT-PCR
(2009) [35] SCD1  QRT-PCR  20/20/4 NM 12 HCV/8HBV  NM NM Case control 6

FASN  gRT-PCR
SREBP1 IHC 54 45/9 NM

* Budhu, A. SCD1  GENTIC 217 194/18 191HBV 157/44 NM Cohort 10
(2013) [36] GENTIC 139 48/65 58 HBV NM NM

LCI testing set

LEC validation
set

*Bansd, S. SCD1  IHC 64/10 NM NM NM 56/8  Case control 8
(2014) [37]

* Hao, Q. FASN IHC 20/20 NM NM NM NM Case control 6
(2014] [29]

* Huang, G. SCD1 IHC 52/45 28/24 39HBV NM NM Case control 7
(2014) [38] gRT-PCR  17/17 NM NM

e Li, C.(2014) SREBP1qRT-PCR 47/47 38/9 39 HBV 40/12 46/6  Case control 7
%] IHC

*Li,J. (2015) FASN IHC 76 NM NM NM NM Case control 5
[30] SREBP1 IHC

*Li,L.(2016) FASN IHC 88 60/22 25HCV/40HBV/ 28/19 18/29  Case control 5
[39] 11 Non-tumor

e Gaggini, M. SCD1 gRT-PCR  18/18 12/6/ 18HCV NM NM Case control 8
(2017) [28] SREBP1gRT-PCR

« Gong, J FASN IHC 70/70 NM NM NM 51/27 Case control 6
(2017) [40]

* Ma, M. SCD1 gRT-PCR  70/70 NM NM NM NM Case control 6
(2017) [32] IHC 37/37 NM NM NM NM

SREBP1 : Sterol Regulatory Element-Binding Proteins.

FASN : Fatty Acid Synthase.

SCD1 : Stearoyl-CoA Desaturasel.

gRT-PCR : Quantitative Real Time-Polymerase Chain Reaction.

Progressive role of lipogenic pathway on HCC:

Comparison of SREBP1 expressionin HCC
and non-HCC tissues:

SREBP1 protein expression was upregulated
in HCC tissues with the mean percent of expression
was 67.4%. Data obtained from studies showed
high SREBP1 mRNA expression in HCC tissues
in comparison with normal liver tissues (p=0.005)
and matched non-tumor tissues (p=0.004). How-
ever, one study reports that there was not any
significant difference between HCC and normal

IHC : Immunohistochemistry.
NM : Not Mentioned.

HCV : Hepatitis C Virus.
HBV : Hepatitis B Virus.

liver tissue regarding SREBP1 mRNA expression
(p=0.10).

Comparison of FASN expression in HCC and
non-HCC tissues:

Expression of FASN in HCC cases was variable
in the available three studies with the percent of
expression was 100%, 64.5% and 81.8%. FASN
expression was significantly high in HCC tissues
in comparison with normal liver tissue (p=0.009)
and the matched adjacent non-tumor tissue
(p<0.05).
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Table (2): SREBP1, FASN and SCD1 expression levels with respect with available clinicopathological data and patients' outcome.

Casesno (Tumor/

Reference Target Detection (tumor/ non) Typeof tissue Cut-off OSHR oS DFS
0, - -
(year) method non) p-value control value (95% Cl) p-value p-vaue
 Yahagi, N FASN IHC 10/10 NM Tumor/ Low/high NM NM NM
(2005) [34] Adjacent
e Yamashita, T. SREBP1 qRT-PCR 0.005 Tumor/
(2009) [35] SCD gRT-PCR 20/20/4 <0.001 Adjacent/ NM NM NM NM
FASN gRT-PCR 0.009 Norma
SREBP1 |HC 54 NM NM Negative/ 3.7 (1.0 0.05 NM
low/high 13.7)
* Budhu, A. SCD GENTIC 217 NM NM Low/high 178 0.01 0.049
(2013) [36] (1.18-2.69)
LCI testing set GENTIC 139 NM NM Low/high 2.36 0.002 0.041
LEC validation (1.38-4.06)
set
*Bansd, S. SCD IHC 64/10 <0.001 Tumor/ 0,123 NM NM NM
(2014) [37] Normal score system
* Hao, Q. FASN IHC 20/20 <0.05  Tumor/ Negative/ NM NM NM
(2014] [29] Adjacent positive
* Huang, G. SCD IHC 52/45 <0.05  Tumor/ Negative (0-4)/ NM 0.05 NM
(2014) [38] Adjacent Positive (5-9)
gRT-PCR  17/17 <0.05 NM NM NM NM
eLi, C.(2014) SREBP1 0RT-PCR 47/47 0.004  Tumor/ Negative/ 2.976 0.03 0.03
[27] IHC <0.001 Adjacent positive (1.109-7.987)
eLi, J.(2015) FASN IHC 76 NM NM Negative/mild/ NM NM NM
[30] Moderate/high
SREBP1 |HC NM Negative/mild
Moderate/high
eLi, L.(2016) FASN IHC 88 NM NM Negative/ NM NM NM
[39] positive
e Gaggini, M.  SCD gRT-PCR 18/18 0.015  Tumor/ NM NM NM NM
(2017) [28] SREBP1 QRT-PCR 0.1 Normal
« Gong, J FASN IHC 70/70 <0.05  Tumor/ H score NM NM NM
(2017) [40] Adjacent
*Ma, M. SCD gRT-PCR 70/70 NM Tumor/ Low/high NM NM 0.01
(2017) [32] Adjacent
IHC 37/37 <0.001 Tumor/ NM NM NM NM
Adjacent

SREBP1 : Sterol Regulatory Element-Binding Proteins.

FASN  : Fatty Acid Synthase.

SCD1 : Stearoyl-CoA Desaturasel.

gRT-PCR : Quantitative Real Time-Polymerase Chain Reaction.

Comparison of SCD1 expression in HCC and
non-HCC tissues:

SCD1 is expressed in 60% and 78.8% of HCC
cases. Studies revealed overexpression of SCD1
in HCC tissue when compared with normal liver
tissue (p<0.001 and p=0.015) and matched non-
tumor tissue (p<0.001 and p<0.005). Moreover,
SCD 1 protein expression was significantly higher
in grade 3 HCC when compared with normal liver
tissue (2.6+0.5 versus 0.2+0.4).

IHC : Immunohistochemistry.

NM : Not Mentioned.

OS : Overal Survival.
DFS : Disease-Free Survival.

Correlation between SREBP1, FASN and SCD1
expressions:

SREBP1 expression was positively correlated

with FASN and SCD expressions (r=0.74, p<0.001
and r=0.82, p<0.001, respectively). Similarly, there
was a positive correlation between the expression
of FASN and SCD in HCC cases (p<0.001). How-
ever, one study revealed no significant association
between SREBP1 and FASN expression in HCC
Ccases.
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Prognostic role of lipogenic pathway:

Three studies investigated the correlation of
either SREBP 1 and SCD 1 with the available his-
topathological data as a predictor of prognosis and
outcome. High SREBP1 expression in HCC tissues
was significantly associated with large tumor size
(»p=0.005, r=0.413), poor histological grade (p=
0.006, ¥=0.400) and high pathologic stage (p=
0.010, r=0.378). Similarly, SCD 1 protein expres-
sion was significantly higher in grade 3 HCC
compared with grade 1 HCC (2.6£0.5 versus 1.7+
0.3). However, one study reported no significant
association between high SCD1 expression and
the poor clinicopathological parameters.

Overall Survival (OS) and Disease-Free Sur-
vival (DFS):
OS and DFS is the most reliable indicator for

the prognostic and clinical outcome. Data were
summarized in (Table 2).

Using a fixed model effect to analyze the asso-
ciation of SREBP1 expression and OS data from
two studies showing no significant heterogeneity
(p=0.84%; 1°=0%), HCC cases with high SREBP1
expression was associated with shorter OS (HR=
23.09; 95% CI=1.21-438.67; p=0.04), Fig. (2A).
In addition, one study reported shorter DFS time
in SREBP1 positive HCC group when compared
with negative group (8 months versus 20) (HR=
2.327;95% CI=1.093-4.955; p=0.029).

Four studies investigated the association of
SCD1 and OS and/or DFS in HCC. OS data were

A)
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available from two cohort studies. High expression
of SCD1 in HCC was associated with short OS
time (HR=6.82; 95% CI=3.53-13.16; p<0.001),
Fig. (2B). No heterogeneity between the studies
was observed (p=0.46; 12=O%). Therefore, we used
fixed effect model to calculate HR. Similarly, one
study revealed high SCD1 expression was associ-
ated with short OS in HCC patients (p=0.048).
Additionally, high SCD1 expression was associated
with short DFS time (p=0.008, p=0.048 and p=
0.004).

Studies identified through database searching (n=389)
PubMed (n=289)
Google Scholar (n=100)

Overlapping (n=89)

Titles and abstracts assessed (n=300)

Excluded studies (n=208)

Full-text articles assessed (n=92)

Excluded studies (n=80):
Review articles (n=5)
Not-human studies (n=49)
No receptor (n=26)

Studies included in systematic review and meta-analysis
(n=12)

Fig. (1): Flow diagram of the study review process for the
systematic review and meta-analysis.

(B)

Fig. (2): Forrest plots of Overall Survival (OS) pooled data in correlations of SREBP1 and SCD1 expression in HCC cases.
(A) Comparison between high and low expression of SREBP 1 in HCC. (B) Comparison between high and low expression

of SCD1 in HCC cases.

Discussion

Hepatocellular carcinoma is a common cancer
with a high mortality rate. Management of HCC
remains challenging due to late diagnosis and the
presence of accompanying liver dysfunction [4].
Emerging evidence supports the importance of
cancer metabolism in providing a background to
accelerate the development and progression of
HCC [25].

Lipogenic pathway is one of the commonly
altered metabolic pathways and its alteration plays
a dramatic role in progression, invasion and prog-
nosis of various human cancers [26]. Activation of
lipogenic pathway is regulated by SREBP1 family.

In this review, we extracted data from 12 studies
that enrolled 1031 patients with HCC, chronic
hepatitis and normal subjects. Majority of included
HCC cases were related to HBV infection with
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few cases were related to HCV infection or negative
viral etiology.

Thisreview reported that SREBP1 was upreg-
ulated in HCC tissues and its expression was higher
in HCC compared with non-HCC tissues (both
adjacent non-tumor tissues and normal control).
Indeed, the results of protein expression (IHC) is
compatible with the RNA expression (QRT-PCR)
[27]. However, Gaggini, et a., reported no signifi-
cant difference in SREBP1 expression between
HCC and normal liver tissue [28] . This could be
explained by relative small sample size. Similarly,
FASN was highly expressed in HCC in comparison
with non-HCC tissues. However, studies showed
some variability in the percentage of FASN expres-
sion [29-31] . This heterogeneity could be explained
by the difference in cut-off points used and small
number of casesincluded in some studies [29]. All
studiesincluded in this review revealed increased
SCD1 expression in HCC cases and its expression
was significantly different when compared with
the adjacent non-tumor tissues or normal liver
tissue.

In this review, we found that there was a positive
correlation between SREBP1, FASN and SCD1
expression in HCC cases. Therefore, inhibition of
one protein may lead to inactivation of others and
subsequently downregulation of the pathway. How-
ever, asmall study revealed no association between
SREBP1 and FASN expression.

We found that activation of lipogenic pathway
indicates poor prognosis of HCC cases. Based on
histopathological data, SREBP1 high expression
was associated with large tumor size, poor grade
and advanced stage which indicated poor prognostic
features. Moreover, evidence data showed that
overexpression of SREBP1 was correlated with
short survival time of HCC patients. Similarly,
high expression of SREBP1 target genes, FASN
and SCD1, was strongly associated with short OS
and DFS of HCC patients. Some in-vitro studies
have also reported similar results, in which high
expression of SREBP1 and down streaming target
gene for example FASN facilitated tumor invasion
and metastasis in different HCC cell lines [27,29].

Interestingly, we could not report significant
heterogeneity regarding the poor prognostic role
of SREBP1, FASN and SCD1 despite different
HCC etiology and the variable methods of detection
and assessment including IHC, gRT-PCR and ge-
nomic profiling.

Thisisthe first systematic review and meta-
analysisto specifically address the expression of
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SREBP1, FASN and SCD1 in HCC patients and
the impact of their activation in HCC prognosis
and patients survival. Our results indicate that
expression of these markersis upregulated in HCC
and high expression is associated with poor OS
and DFS.

Several in-vitro studies have shown that inhi-
bition of SREBP1, FASN and SCD1 can induce
apoptosis of tumor cells and decrease invasion and
metastasis in different human cancers [21,32]. More-
over, the use of statins, cholesterol lowering drugs,
has been postulated to have a direct rolein preven-
tion and treatment of cancer through inhibition of
lipogenic pathway [33] . Thus, establishing the role
of altered lipid metabolism in HCC can be a po-
tential target for prevention and treatment of HCC
in high risk patients.

Limitations;

Thisreview has some limitations; first, small
number of studies investigated the expression of
SREBP1, FASN and SCD1 on human HCC tissues.
Second, moderate quality of some studies included
inthisreview may affect the reliability of the
results. Third, there was shortage in the available
clinicopathol ogical datato compare the expression
with the pathological features and patients out-
come. Finally, no prospective studies were available
of thismeta-analysis.

Conclusion:

This review suggests that high expression of
SREBP1, FASN and SCD1 playsarolein HCC
development and their high expression predicts
poor prognosisin HCC patients. However, further
high quality and large-scale studies are required
to confirm the results. Thiswill help in providing
accurate prognostic information and in establishing
new therapeutic targets.
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