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A B S T R A C T

Aims: Identifying alterations in lipid metabolism along gastric adenocarcinoma (GA) tumorigenesis pathways
could lead to a new approach for potential diagnosis, efficient prediction and promising therapeutic strategies.
This study aimed to identify the possible effect of HIF-1α on FASN and SREBP-1c regulation in GA.
Main methods: AGS cell line was cultured in normoxic and hypoxic conditions, and HIF-1α, FASN and SREBP-1c
gene expression were analyzed by qRT-PCR and Western blot. Serum HIF-1α, FASN and insulin concentration
were measured in 112 GA patients and 156 control cases by ELISA, and immunohistochemical method was
employed to analyze SREBP-1c expression. Tissue mRNA expression of SREBP-1c, FASN and HIF-1α were de-
termined by qRT-PCR.
Key findings: In vitro findings indicate upregulation of HIF-1α, FASN and SREBP-1c gene and protein expression
in the hypoxic culture of AGS cells. High circulating levels of HIF-1α and FASN were significantly observed in GA
patients compared to the controls. HIF-1α, SREBP-1c and FASN gene expression were higher in GA vs. controls.
In addition, SREBP-1c protein level was enhanced in GA tissues compared to controls. Furthermore, elevated
serum levels of HIF-1α and FASN and expression of HIF-1α, SREBP-1c and FASN genes were associated with
unfavorable clinicopathological features such as diffuse type tumor and poor survival.
Significance: The results by correlating increased levels of FASN to those of HIF-1α and SREBP-1c are consistent
with a possible up-regulation of FASN upon induction of HIF-1α through SREBP-1c.

1. Introduction

Gastric adenocarcinoma (GA) is the fifth most commonly diagnosed
malignancy and the third most common cause of death due to cancer
worldwide. It is a highly aggressive cancer and 5-year survival rate
(5YSR) is usually< 30% [1]. In fact, the majority of these patients are
identified in the late stages based on the endoscopic investigations and
most widely used morphological classification introduced by Lauren
[2], that was grouped GA as intestinal (well differentiated and slowly
growing) and diffuse (poorly differentiated and aggressive) types. Ac-
cordingly, finding more sensitive and specific novel biomarkers for GA
is required to assist in earlier diagnosis, classifying patients for

personalized medicine and for improving the low survival outcome
[3,4].

During cancer progression, tumor cells acquire comprehensive me-
tabolic reprogramming, and tissue hypoxia is a prominent feature of
solid tumors leading to cell metabolism adaptive changes. Hypoxia-
inducible factor-1α (HIF-1α) is a key oxygen-regulated transcriptional
activator, playing a fundamental role in the adaptation of tumor cells to
hypoxia by upregulating the transcription of target genes related to
multiple biological processes, including cell survival, proliferation,
angiogenesis and anti-apoptosis [5–9]. In response to hypoxia, most
malignant cells often exhibit a metabolic alteration toward anabolic
pathways to synthesize their requirements that support the growth of

https://doi.org/10.1016/j.lfs.2019.03.056
Received 12 January 2019; Received in revised form 22 March 2019; Accepted 22 March 2019

⁎ Correspondence to: M. J. Rasaee, Department of Medical Biotechnology, Tarbiat Modares University, Jalal Ale Ahmad Highway, Nasr, P.O.Box: 14115-331,
Tehran, Iran.

⁎⁎ Correspondence to: M. Taghikhani, Department of Clinical Biochemistry, Tarbiat Modares University, Jalal Ale Ahmad Highway, Nasr, P.O.Box: 14115-331,
Tehran, Iran.

E-mail addresses: Taghi_mo@modares.ac.ir (M. Taghikhani), Rasaee_m@modares.ac.ir (M.J. Rasaee).

Life Sciences 224 (2019) 169–176

Available online 23 March 2019
0024-3205/ © 2019 Elsevier Inc. All rights reserved.

T

http://www.sciencedirect.com/science/journal/00243205
https://www.elsevier.com/locate/lifescie
https://doi.org/10.1016/j.lfs.2019.03.056
https://doi.org/10.1016/j.lfs.2019.03.056
mailto:Taghi_mo@modares.ac.ir
mailto:Rasaee_m@modares.ac.ir
https://doi.org/10.1016/j.lfs.2019.03.056
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lfs.2019.03.056&domain=pdf


cancer cells. Thus, abnormal fatty acid synthesis might be one of the
critical biosynthetic tumor features that interferes with hypoxia and
HIF [10]. As a sole mammalian enzyme capable of de novo lipogenesis
(DNL), fatty acid synthase (FASN) was observed to be overexpressed in
tumor tissues such as pancreas and breast cancers regardless of the
extracellular lipid availability [11–13]. On the other hand, sterol reg-
ulatory element-binding protein (SREBP) is the central transcription
factor to regulate fatty acid synthesis, suggesting that SREBP may have
a pivotal role in regulation of lipogenesis by HIF-1α [14–16].

Based on this evidence, here we have examined the possible effect of
HIF-1α expression on SREBP-1c and FASN regulation in GA tissues
compared to control non-tumoral subjects as well as human gastric
adenocarcinoma AGS cell line. There is no similar report involving HIF-
1α, FASN and SREBP-1c in human GA, at least to the best of our
knowledge. Moreover, in order to access a less invasive diagnostic ap-
proach, the role of circulating HIF-1α and FASN levels in GA were in-
vestigated. Lastly, the association between HIF-1α, SREBP-1c, FASN
and GA clinicopathological features and survival rate was assessed.

2. Materials and methods

2.1. Human AGS cell culture and hypoxia induction

Human gastric adenocarcinoma cell line AGS was purchased from
Pasteur Institute (Iran, Tehran) and cultured in RPMI-1640 supple-
mented with 1% penicillin/streptomycin, 10% fetal bovine serum
(FBS), at 37 °C and 5% CO2 humidified incubator. To generate hypoxic
condition, AGS cells were incubated in a chamber sustained at 1% O2,
5% CO2, and balanced with N2 at 37 °C. AGS cells were cultured 24 h for
mRNA expression analysis and 48 h for protein expression.

2.2. Western blot analysis

AGS cells in hypoxic condition were harvested and lysed with RIPA
buffer and total protein content measured by Bradford protein assay.
Forty microgram of extracted protein was separated using sodium do-
decyl sulfate polyacrylamide 4%–12% gradient gel electrophoresis
(SDS-PAGE) and transferred to a polyvinylidene difluoride (PVDF)
membranes (Roche). Blocking of non-specific bindings was done with
skim milk solution in Tris-buffered saline Tween (TBST; 137mM NaCl,
20 mM Tris/HCl, and 0.1% Tween 20, pH 7.4) for 1 h at room tem-
perature. Then, we used primary antibodies against HIF-1α (1:1000
dilution, GeneTex, USA), FASN (1:800 dilution, GeneTex, USA), SREBP-
1c (1:800 dilution, GeneTex, USA) and β-actin (1:500 dilution,
GeneTex, USA) in 5% skim milk in TBST overnight at 4 °C incubation
for membranes. Subsequently, horseradish peroxidase-conjugated
sheep anti-rabbit secondary antibody IgG (1:2000 dilution, GeneTex,
USA) was used for treatment of blots for 1 h at room temperature. The
bands in the blots were pictured by enhanced chemiluminescence de-
tection system (Amersham, Buckinghamshire, UK). Image analysis
software (ImageJ v1.51a) was employed for quantification of protein
expression with normalized β-actin levels as an internal control for
equal loading.

2.3. Patients information

Gastrointestinal tract endoscopy was performed for whom that
presented at least one alarming dyspeptic complaint. A total of 112
patients with GA who were newly-diagnosed, previously untreated and
histologically-confirmed GA by the endoscopy and pathology depart-
ments of Tabriz Medical University Hospitals between July 2015 and
Aug 2016 were enrolled in this study. An additional 156 individuals
were randomly selected as the non-tumoral control group from the
endoscopy negative dyspeptic cases that were proven to have no
identifiable endoscopic and histological evidence of peptic ulceration or
gastric tumor. All patients and non-tumoral control group were naive to

surgical resection, chemotherapy and radiotherapy. Subjects with
concomitant conditions such as hyperlipidemia, thyroid and liver dis-
eases, which can affect lipid metabolism, were also excluded. Samples
were collected with approval from the Human Research Ethics
Committees of Tarbiat Modares University (Tehran, Iran) (Ethic code:
IR.TMU.REC.1394.184) and Liver and Gastrointestinal Diseases
Research Center (Tabriz, Iran) (Ethic code: TBZMED.REC.1394.1074)
for Clinical Investigation. All subjects, including potential controls,
provided signed informed consent prior to enrollment in accordance
with the declaration of Helsinki. Participants were followed up after
diagnosis and completed a face-to-face questionnaire regarding socio-
demographic features, clinical data and lifestyle factors.

A fasting venous blood sample was obtained prior to endoscopy;
centrifuged at 3000 rpm for 5min. Serum levels of glucose was mea-
sured using a standard method and leftover sera were stored at −80 °C.
Gastric mucosa biopsies were also removed and an excision from each
of the cases was stored immediately at −80 °C for RNA extraction. The
remaining biopsies were fixed directly in 4% paraformaldehyde solu-
tion, paraffin-embedded and stained with Hematoxylin and Eosin (H&
E). Subsequently, all histological sections were evaluated in-
dependently by two experienced gastrointestinal pathologists.
According to the morphological classification introduced by Lauren [2],
GA patients in this study are classified as intestinal (differentiated) and
diffuse (poorly differentiated) major types. Histological grade and
tumor site were determined as well.

2.4. ELISA

Circulating levels of HIF-1α and FASN were measured via enzyme-
linked immunosorbent assay (ELISA) using the human HIF-1α (Thermo
Scientific, USA) and FASN (Cloud Clone Crop, USA) ELISA kits, re-
spectively, according to the manufacturer's instructions. Serum insulin
was measured by a commercially available Insulin Human ELISA kit
(Abcam, USA).

In summary, standards and serum samples were pipetted and in-
cubated in the human HIF-1α, FASN and insulin 96-well capture plates.
After washing, biotinylated anti-Human HIF-1α, FASN or insulin anti-
body was added and followed by incubation with HRP-conjugated
streptavidin. The wells were again washed to remove all unbound en-
zymes, and color was generated by pouring tetramethyl-benzidine
(TMB). Reactions were ended with stop solution (2 N sulfuric acid), and
the density of the color was read at 450 nm. HIF-1α, FASN and insulin
serum concentration were calculated using standard curves and all
samples were analyzed in duplicate.

2.5. Immunohistochemistry

Slides used for immunohistochemistry (IHC) staining were gener-
ated from the original formalin-fixed, paraffin blocks that were made
for the H&E staining. Paraffin-embedded tissues were cut into 5-μm-
thick sections, then deparaffinized in xylene and rehydrated in a graded
ethanol series. For epitope retrieval, sections were immersed in
10mmol/l citrate buffer (pH 6.0) at 95 °C for 45min, followed by
blocking procedures according to the manufacturer's protocol.
Incubation with the rabbit anti-human SREBP-1c antibody (diluted
1:500, Abcam, USA) was performed overnight at 4 °C. Subsequently,
slides were washed with phosphate-buffered saline (PBS) and secondary
antibody, (biotinylated anti-rabbit IgG) (R & D systems, Cell and Tissue
Staining Kit, USA) was used. Detection was based on the formation of
the avidin-biotin complex (ABC) with a primary antibody that reacts
with gastric tissue SREBP-1c antigen. Therefore, the sections were
treated with high sensitivity streptavidin conjugated to horseradish
peroxidase (HSS-HRP) before visualization by diaminobenzidine (DAB)
as the chromogen. After extensive washing, the counterstaining ex-
periment was performed with Gill's hematoxylin solution (Sigma-
Aldrich, HARLECO, USA) and eventually, the sections were dehydrated
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and mounted.
The obtained IHC staining images were quantitatively analyzed

using image analysis software (ImageJ v1.51a). At least 5 fields were
processed from each section to verify the mean optical density (MOD)
[17].

2.6. Real-time PCR

Quantitative real-time polymerase chain reaction (qRT-PCR) was
used to analyze gene expression. Total RNA was isolated from the
gastric tissues using the RNeasy Mini Kit (QIAGEN, Germany), and RNA
concentration was determined by a Nanodrop spectrophotometer
(Thermo Fisher Scientific, USA). Reverse transcription (RT) was per-
formed and complementary DNA (cDNA) synthesized using the
QuantiTect Reverse Transcription Kit (QIAGEN, Germany). The qRT-
PCR experiments were done using PCR Mastermix (12.5 μl; Ampliqon,
Denmark), cDNA templates (2 μl) (20 ng) and 1 μl each of the primers
(0.2 μM). The volume of PCR mixture was set to 20 μl using the RNase-
free water. The amplification reactions were performed using the ABI
system (StepOnePlus™, ABI, USA) and all samples were done in tripli-
cate. The following sequences of the primers were used: HIF-1α
(Forward: 5′-TTCACCTGAGCCTAATAGTCC-3′, Reverse: 5′-CAAGTCTA
AATCTGTGTCCTG-3′), FASN (Forward: 5′-CCATCTACAACATCGACA
CCA-3′, Reverse: 5′-CTTCCACACTATGCTCAGGTAG-3′), SREBP-1c
(Forward: 5′-CTGGTCTACCATAAGCTGCAC-3′, Reverse: 5′-GACTGGT
CTTCACTCTCAATG-3′) and β-actin (Forward: 5′-TGAGACCTTCAACA
CCCCAGCCATG-3′, Reverse: 5′-CGTAGATGGGCACAGTGTGGGTG-3′).

The PCR cycling conditions composed of an initial denaturation step
at 95 °C for 15min followed by 40 cycles of: 95 °C for 30 s, 60 °C for 30 s
and 72 °C for 30 s. The β-actin gene amplification was used as an in-
ternal control and expression of HIF-1α, SREBP-1c and FASN genes was
calculated as fold change.

2.7. Survival analysis

Overall survival curves were plotted by the Kaplan-Meier method to
determine the time of diagnosis to the date of death, and comparisons
were evaluated by the log-rank test. Multivariate analysis was per-
formed using the Cox proportional hazards regression model on all
significant characteristics measured for univariate analysis.

2.8. Statistical analysis

Statistical tests were performed using GraphPad Prism 6 software
(GraphPad Software, San Diego, CA) and SPSS version 22 (SPSS, Inc.,
Chicago, IL, USA). Differences between experimental groups were
evaluated using unpaired Student's t-tests and Mann-Whitney U test,
where appropriate. Frequency variations were assessed by Chi-square
test. The Pearson and Spearman correlation tests were applied to ana-
lyze the association between categorical variables. Additionally, the
receiver operator characteristic (ROC) curve was constructed to esti-
mate diagnostic sensitivity and specificity values. All data were pre-
sented as mean ± SD and a cut-off value of p < 0.05 was taken as
statistically significant.

3. Results

3.1. Induction of HIF-1α, FASN and SREBP-1c genes through hypoxia in
the human gastric adenocarcinoma AGS cell line

To investigate the hypoxia effects on the expression of HIF-1α,
FASN and SREBP-1c genes, we cultured the human gastric adeno-
carcinoma AGS cell line under hypoxic or normoxic conditions. As
shown in Fig. 1, our results indicate the upregulation of HIF-1α (6.2
fold), FASN (8.8 fold) and SREBP-1c (4.6 fold) genes in hypoxia com-
pared to normoxia (Fig. 1A). Similarly, protein expression of HIF-1α

(4.4 fold), FASN (6.0 fold) and SREBP-1c (3.6 fold) were increased in
the AGS cell line under hypoxic condition (Fig. 1B and C). These
findings suggest that the expression of FASN and SREBP-1c genes are
positively correlated with hypoxia and HIF-1α upregulation.

3.2. Clinical experiments

This study included 112 GA patients (36 women and 76 men), with
ages ranging from 32 to 88 years old (median, 70 years) and 156 control
cases (54 women and 102 men, age range 48–87 years, median,
65 years). The clinicopathological data are depicted in Table 1.

To investigate the mechanism by which HIF-1α upregulates the
expression of FASN, the critical enzyme of fatty acid synthesis in the
cytoplasm, serum levels of HIF-1α, FASN and insulin concentrations
were compared between GA patients and non-tumoral control subjects
(Fig. 2). Circulating levels of HIF-1α and FASN were significantly
higher in subjects with GA (HIF-1α: 148.8 ± 58.4 pg/ml and FASN:
16.3 ± 10.5 ng/ml) compared to control group (HIF-1α:
101.9 ± 82.9 pg/ml and FASN: 11.2 ± 7.4 ng/ml) (p=0.001 and
p=0.03), respectively. However, there was no statistically significant
difference in glucose (p=0.42) and insulin (p=0.1) serum levels
between the two groups.

Immunohistochemical analysis was employed to analyze SREBP-1c
expression in GA tumors and control gastric biopsies. SREBP-1c positive
immunostaining was detected in both cytoplasm and nucleus of the
cells. Photomicrographs of SREBP-1c staining in the different gastric
tissues are shown in Fig. 3A–D. SREBP-1c levels were significantly in-
creased in GA tissues (0.16 ± 0.07) compared to controls
(0.09 ± 0.06, p=0.003) according to analysis of the staining density
(Fig. 3E).

To determine the expression of FASN and SREBP-1c, two target
genes of HIF-1α activation, FASN, SREBP-1c and HIF-1α mRNA levels
were measured in tissues by qRT-PCR. Therefore, the results obtained
from ELISA and immunohistochemistry were further confirmed by qRT-
PCR. The relative mRNA expression of HIF-1α (fold change: 12.69),
SREBP-1c (fold change: 6.77) and FASN (fold change: 20.91) genes
were higher in GA tissues vs. control group (Fig. 4).

Serum level of FASN, and SREBP-1c protein expression in GA tissues
were correlated with HIF-1α augmentation in GA patients (p= 0.0001
and p= 0.0001, respectively), as shown in Fig. 5. Taken together, our
findings support that HIF-1α could stimulate FASN upregulation along
with SREBP-1c activation in GA, and simultaneous measurement of
serum HIF-1α and FASN could be used as practical targets for the
noninvasive early detection of GA.

In order to determine the clinical role of fatty acid anabolic pathway
activation in the progression of GA, the relationship between HIF-1α,
SREBP-1c and FASN levels were assessed and matched with clin-
icopathological attributes (Figs. 2–5). Using the Lauren classification,
FASN circulating levels were elevated in cases with diffuse
(25.8 ± 13.5 ng/ml) compared to intestinal type of GA
(13.1 ± 7.39 ng/ml) (p= 0.004). Therefore, FASN levels should be
related with adverse histopathological findings in subjects with GA
(Fig. 2D). In addition, there was a significant difference between diffuse
(192.3 ± 50.5 pg/ml) and intestinal (136.8 ± 54.4 pg/ml) subgroups
concerning HIF-1α status in serum (p=0.026) (Fig. 2C). Our IHC
findings show that SREBP-1c protein is not notably upregulated in
diffuse type (0.19 ± 0.12) of GA compared to intestinal type
(0.15 ± 0.05) (p= 0.27) (Fig. 3F), although SREBP-1c protein ex-
pression is significantly upregulated in GA patients. Additionally, the
majority of intestinal-type of GA specimens showed lower mRNA ex-
pressions of HIF-1α (fold change: 10.12), FASN (fold change: 17.54)
and SREBP-1c (fold change: 5.36) when compared to diffuse type ma-
lignancy (fold change: 15.25, fold change: 27.14, fold change: 8.34,
respectively) (p= 0.011, 0.014 and 0.003, respectively) (Fig. 4B–D).
These findings suggest that the expression of HIF-1α, SREBP-1c and
FASN are gradually upregulated while GA progresses to the worse
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clinical phase.
Survival analyses using the Kaplan-Meier method for the 2-years

follow-up was performed according to clinicopathological variables and
serum levels of HIF-1α and FASN, as well as SREBP-1c protein ex-
pression. In univariate analysis, circulating FASN and HIF-1α serum
levels and SREBP-1c protein expression have significant predictive va-
lues for overall survival, together with Lauren classification
(p=0.0001, 0.0001, 0.0001 and 0.0001, respectively) (Fig. 6). The
following factors were not significantly associated with prognosis: age,
sex, and tumor location (p=0.07, 0.32 and 0.12). Furthermore, mul-
tivariate analysis indicated that increased serum levels of FASN
(p=0.034, CI= 1.035–2.358), HIF-1α (p= 0.008,
CI= 1.201–3.463), and SREBP-1c protein expression (p=0.006,
CI= 1.201–2.914) are associated with poor prognosis, suggesting that
these molecules could serve as prognostic factors for overall survival in
GA.

In addition, receiver operating characteristic (ROC) analysis was
performed to describe the individual diagnostic potential of serum le-
vels of HIF-1α and FASN as measured by ELISA. The values represented
as the area under the curve (AUC) of HIF-1α and FASN were 0.725
(95% CI: 0.604–0.845, p < 0.002) and 0.651 (95% CI: 0.515–0.787,
p < 0.037), respectively.

4. Discussion

GA is among the most common lethal malignancies worldwide
[1,3,4]. The revelation of lipid metabolic alterations along GA tumor-
igenesis pathways could lead to a new approach for earlier detection,
efficient prediction and favorable therapeutic strategies.

Deregulated growth is the most apparent feature of malignant cells
resulting in the increased expenses of oxygen and induction of hypoxia
in solid tumors. This induces the stabilization and activation of the HIF-
1α, a crucial transcriptional regulator in the adaptation of tumor cells
to pathologic hypoxia [6,7]. Our study results not only further depict
that HIF-1α gene expression is significantly enhanced in patients with
GA, but also found that elevated level of circulating HIF-1α was indeed
correlated with GA, considering clinicopathological parameters such as
undifferentiated tumor and poor patient survival. This report is con-
sistent with previous data in other cancer types proposing that HIF-1α
overexpression occurs early in tumorigenesis [18]. Moreover, it has
been shown that in some cancers, HIF-1α upregulation associated di-
rectly with loss of differentiation, highly aggressive disease and poor
patient outcome [5,19]. Here, we also demonstrated that local gene
expression of FASN is increased in patients with GA. In support of this
idea, former in vitro studies showed that FASN upregulation could be a
substantial factor in cellular growth, transformation and carcinomatous
potential, and could thus be considered to act as an oncogene-like
contributor [11,13]. A previous research showed that FASN interacts
with caveolin-1 on the membrane microdomains of prostate cancer cells
[20]. It was observed that proliferative structures like neuronal stem
cells require FASN to guarantee their rapid growth [21,22]. Our data
suggested that low oxygen availability in GA tumor tissues along with
HIF-1α induction might lead to upregulation of FASN. Furthermore,
despite being an intracellular protein, we found circulating FASN level
in GA cases was significantly higher compared to controls, suggesting
that the gastric tumor was the primary source of systematic FASN up-
regulation in our GA patients. Based on other works, elevated FASN
levels have been identified in the sera of pancreas and breast cancers
[12,13]; that is in line with our findings. We also observed a sig-
nificantly high expression of FASN in subjects with diffuse rather than
intestinal type of GA. Recent studies indicated that FASN is a pre-
requisite for rapid cell growth, higher proliferation rates and tumor
survival, forming an aberrant and vicious proliferation cycle that is
involved in cell phenotype transformation and tumor development
[23–25]. Moreover, our data demonstrated that the elevated blood level
of FASN in GA patients correlates with higher undifferentiation, shorter

Fig. 1. Hypoxia induces the expression of HIF-1α, FASN and SREBP-1c genes in the human gastric adenocarcinoma AGS cell line. The human gastric adenocarcinoma
AGS cell line was cultured in 24-well plates under normoxic or hypoxic condition for 24 and 48 h. HIF-1α, FASN and SREBP-1c genes were analyzed by qRT-PCR (A)
and Western blot in harvested cells (B and C). Our results showed that gene and protein expression of HIF-1α was significantly upregulated in hypoxia compared to
normoxia. Moreover, both gene and protein expression of FASN and SREBP-1c were significantly increased in hypoxic condition. Protein expression was quantified
using ImageJ software and corrected for the levels of β-actin in the same samples. The mean value in normoxic condition AGS cells was set at 1 and other results were
standardized to these values (fold change). Data are presented as mean ± SD of at least three independent experiments. * and ** indicates, p values < 0.05 and 0.01
respectively. HIF-1α (hypoxia inducible factor-1α), FASN (fatty acid synthase), SREBP-1c (sterol regulatory element-binding protein).

Table 1
Clinicopathological features of GA patients and control subjects.

Parameters GA patients Control subjects p-Value

Sex n= 112 n=156
Female 36 (32%) 54 (34.6%)
Male 76 (68%) 102 (65.4%) 0.67a

Age Median: 70 (32–88) Median: 65 (48–87) 0.63b

BMI 22.06 ± 2.79 26.32 ± 3.96 0.000b

Lauren classification
Intestinal 80 (71%) –
Diffuse 28 (25%) –

Histological grade
G1 24 (21.4%) –
G2 56 (50%) –
G3 24 (21.4%) –
G4 4 (3.6%) –

Glucose 5.08 ± 1.61mm/l 5.37 ± 1.39mm/l 0.42b

Insulin 6.09 ± 1.54 μIU/ml 5.64 ± 0.68 μIU/ml 0.1b

a Chi-square test.
b t-Test, GA (Gastric Adenocarcinoma), BMI (Body Mass Index), G (Grade).
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time to death and poor prognosis that is in parallel with other works
[11,12]. Altogether, we suggested that FASN overexpression is in-
tensely related to the development of GA.

In the present study, fasting blood glucose and insulin levels were

not significantly different between GA patients and control cases.
Normal mammalian cells typically acquire fatty acids from the circu-
lation owing to insulin, which is the most lipogenic hormone in the
subset of adult tissues, including liver, adipose and lactating mammary

Fig. 2. Serum HIF-1α and FASN levels increased in GA patients. The concentration of serum HIF-1α and FASN in GA patients and controls were measured by ELISA
method. The data demonstrated that HIF-1α and FASN levels were significantly higher in GA patients than in control subjects (A and B). Statistical analysis showed
significant upregulation of HIF-1α and FASN concentration in diffuse type of GA patients compared to intestinal type (C and D). The data are presented here as
(Mean ± SD). * and ** means, p values < 0.05 and 0.01, respectively. GA (gastric adenocarcinoma), HIF-1α (hypoxia inducible factor-1α), FASN (fatty acid
synthase).

Fig. 3. Increased expression of SREBP-1c protein in GA tissues. SREBP-1c expression in GA and control subject tissues was determined by IHC method. Non-tumoral
subject (A, 40× and B, 400×) showed a lower staining of SREBP-1c, but GA (C, 40× and D, 400×) showed higher density staining. Our results showed a significant
upregulation of SREBP-1c protein expression in GA patients (E). In addition, we did not observe a significant difference in SREBP-1c expression between intestinal
and diffuse types of GA (F). The data are presented here as (Mean ± SD). *** means, p value < 0.001. GA (gastric adenocarcinoma), SREBP-1c (sterol regulatory
element-binding protein), MOD (mean optical density).
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gland [11,24]. In contrast, it was suggested that some cancer types
depend on de novo fatty acid biosynthesis that could be regulated by
the transcription factor SREBP-1c [26]. As a result, unrestricted fatty
acid anabolism could be observed in cancers [11,14,15], unaffected by
the extracellular lipid availability and regulatory hormonal motivation
[24]. Previous studies found that SREBP acts as an oxygen sensor in
fission yeast [27] and to be required for the conservation of cell size in
Drosophila. Melanogaster [28]. SREBP-1c is a transcription factor of the
basic helix-loop-helix leucine zipper (bHLHLZ) that indeed leads to
lipid homeostasis in mammals. It has a regulatory role during mitosis,
showing that the expression of lipogenic genes is a prerequisite for cell-
cycle progression. To address the pathway underlying HIF-1α-induced

FASN upregulation, we tested SREBP-1c expression in GA. Based on our
current findings, SREBP-1c gene upregulated in GA tumor tissues
compared to controls. Elevated mRNA expression of SREBP-1c was also
supported by our IHC data, which revealed SREBP-1c overexpression in
the majority of tumor sections. Moreover, the SREBP-1c expression was
associated significantly with patient shorter survival. In keeping with
our findings, SREBP-1c has been shown to be present in atypically
hyperplastic tissues including glioblastoma multiforme and pancreatic
cancers [14,15]. In vitro studies demonstrate that SREBP-1c encourages
cell growth and metastasis [28–30]. In the present study, we also
showed that the HIF-1α overexpression was accompanied with the
highly expressed genes of FASN and SREBP-1c, indicating that SREBP-

Fig. 4. Gene expression of FASN and SREBP-1c were increased following activation of HIF-1α gene in GA. The mRNA was extracted from GA patient and control
subject tissues and the relative expression of HIF-1α, FASN and SREBP-1c genes were measured using qRT- PCR. The relative expression of these genes was
significantly increased in GA tissues compared to controls (A). In addition, our data showed significant upregulation of these genes expression in diffuse vs. intestinal
type of GA (B, C and D). The β-actin gene amplification was used as an internal control. The data are presented here as (Mean ± SD) of fold changes. All gene
expression assays were done in triplicate. * and ** means, p values < 0.05 and 0.01, respectively. HIF-1α (hypoxia inducible factor-1α), FASN (fatty acid synthase),
SREBP-1c (sterol regulatory element-binding protein).

Fig. 5. Serum FASN and protein expression of SREBP-1c correlated with serum HIF-1α. Our findings showed that upregulation of serum HIF-1α in GA patients was
significantly associated with serum FASN (A) and protein expression of SREBP-1c (B). HIF-1α (hypoxia inducible factor-1α), FASN (fatty acid synthase), SREBP-1c
(sterol regulatory element-binding protein), MOD (mean optical density).

R. Ezzeddini, et al. Life Sciences 224 (2019) 169–176

174



1c and FASN genes could be subject to the same regulatory mechanisms
in the human GA progression. In addition, our in vitro studies provide
evidence that hypoxia induced-HIF-1α could be responsible for the
stimulation of FASN, and SREBP-1c may have a direct role in hypoxia-
induced FASN expression in human gastric adenocarcinoma AGS cell
line. To confirm our findings, it was observed that SREBP-1c could be as
a target gene of HIF-1α [15,16]. Furthermore, silencing of SREBP-1c
expression dramatically decreases lipogenesis and inducing apoptosis in
some cancers types [31,32]. Consequently, HIF-1α induction accom-
panied with FASN and SREBP-1c upregulation seems to be a survival
approach of GA cells in hypoxic condition, by metabolic alteration to-
ward lipogenic pathway.

5. Conclusion

In conclusion, overexpression of HIF-1α was consistent with in-
creased FASN and SREBP-1c gene and protein expression in GA patients
and human gastric adenocarcinoma AGS cell line in hypoxic condition.
Therefore, our study support that HIF-1α could stimulate FASN upre-
gulation accompanied with SREBP-1c activation in GA. It was demon-
strated that the extracellular levels of HIF-1α and FASN, and SREBP-1c
protein expression may have diagnostic and prognostic values in GA

patients, together with Lauren classification. Further studies are re-
quired to validate the utility of HIF-1α, SREBP-1c and FASN as early
bona fide diagnosis and prediction of GA.
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