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Abstract
Introduction: Gastric cancer is the fourth common cancer and the second leading cause
of death from cancer worldwide. Omega fatty acids are a group of non-saturated fatty acids
of long chains derive from linolenic, linoleic and oleic fatty acids. The current study aimed
at examining the possible effects of oral administration of omega-3, -6 and -9 fatty acids on
gastric cancer cell apoptosis in patients with gastric adenocarcinoma via the evaluation of
BCL2 gene and protein expression.
Methods: In the present case-control study, a total of 34 patients with gastric cancer
referring to the Endoscopy Clinic at Tabriz University of Medical Sciences were selected
and divided into 2 groups (n = 17). In group 1, patients were treated by platinum drugs
without any supplementation and in group 2, patients were treated by platinum drugs
supplemented with omega-3, -6 and -9 fatty acids over 3 courses, which each lasted 3
weeks. After stomach biopsy, RNA extraction, cDNA synthesis and real-time polymerase
chain reaction (RT-PCR) were performed.
Results: The results showed that Bcl-2 gene and BCL2 protein expression in patients who
received omega-3, -6 and -9 fatty acids with chemotherapy was lower than those of the
ones who not received omega fatty acids. Also, there was a significant decrease in Bcl-2
gene expression (P < 0.05).
Conclusions: The oral administration of omega-3, -6 and -9 fatty acids with the
chemotherapeutic drug cis-platinum in patients with gastric adenocarcinoma could
decrease Bcl-2 gene expression and BCL2 protein production in the cancerous gastric
tissue.

© 2017. Multidisciplinary Cancer Investigation

INTRODUCTION
Gastric cancer is the fourth common cancer and the second leading cause of death in the world. Adenocarcinoma
is the most common form of gastric cancer. Helicobacter
pylori infections, smoking, salty diet and insufficient antioxidant intake are the factors contributing to developing this disease [1, 2]. Chemotherapy is a very effective
treatment modality in cancer therapy [3]. Chemotherapy reduces the tumor size in patients; however, this effect usually does not persist long time and the patient
often deals with a problem of drug resistance in tumor
cells [4]. The molecular drug resistance mechanism is
not well-known in gastric cancer; however, understanding tumor development mechanism and promoting the
effectiveness of chemotherapy by changing diet are very

important to develop treatment methods and overcome
drug resistance [5, 6]. Omegas, non-saturated fatty acids
of long chains, are essential to human body. Omega-9 can
be produced in the body, while omega-3 and omega-6 are
the essential fatty acids and should be supplied by diet
[7, 8]. Omega-3, 6 and 9 fatty acids are derived from linolenic acid, linoleic acid and oleic acid, respectively [9,
10] and protect cardiovascular, reproductive, immune
and nervous systems. Omegas are required to construct
and repair cell membrane, as well as detoxify and supply nutritional elements [11]. They also are essential to
produce prostaglandins, which regulate heartbeat, blood
pressure, and fertility, and play an important role in the
appropriate performance of immune system by con-
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trolling inflammations and infections [12]. Inflammation and environmental stress lead to apoptosis. Apoptosis plays an important role in growth regulation, immune
responses, and abnormal cell clearance [13]. Apoptosis
is necessary for eliminating cancer cells. Understanding
apoptosis mechanism is necessary since it contributes to
understanding pathogenesis, conditions occurred by disordered apoptosis, as well as developing the use of diet in
chemotherapy and finding new drugs for targeting apoptosis genes and pathways [14, 15]. The BCL2 protein as
a member of Bcl-2 family has conserved its regulatory
role in the apoptosis process over the evolutionary stages
from C-elegans to mammals. BCL2 is specifically considered as an important anti-apoptotic protein and classified
as an oncogene. The current study aime the effect of omega-3, -6 and -9 fatty acids on Bcl-2 gene expression and
protein production in cancerous gastric tissue.
METHODS
Patients
In the current case-control study, a total of 34 patients
with gastric cancer referring to the Endoscopy Clinic at
Tabriz University of Medical Sciences were selected and
divided into 2 groups (n=17). The patients were referred
to an oncology specialist to start chemotherapy. Group 1
was treated by platinum drugs without administering any
supplements, and the group 2 was treated by platinum
drugs with an omega-3, -6 and -9 fatty acid supplement
pills (Natural Factors Ultimate-Omega Factors 1200
mg with formulation of fish oil blend 400 mg, flaxseed
oil 400 mg, and borage oil 400 mg) in a total amount of

3600 mg (three 1200-mg pills) per day over three courses
(each course lasted 3 weeks). Then, consistent with the
mandatory treatment follow-up, endoscopy followed by
stomach biopsy was performed on the patients. Samples
taken from patients were placed in nitrogen tanks and
transferred to laboratory for assessment. Demographic
and clinical information of the patients is presented in Table 1. The study was approved by the biomedical Ethics
Committee of Tabriz University of Medical Sciences and
also the consent forms were obtained from the patients.
Quantitative Real-time Polymerase Chain Reaction
(qPCR) of Bcl-2 Gene
RNAs were extracted from collected samples by the
RNeasy kit (Bio Basic, Canada). The ratio of the absorbance at 260 nm/280 nm was used to determine the
extracted RNA quality. The RevertAidTM First strand
cDNA synthesis kit (Takara, Japan) was used for cDNA
synthesis. The housekeeping gene GAPDH was used as
internal control by following sequences of primers: forward primer 5’GAAGGTGAAGGTCGGAGTC3’, and
reverse primer 3’ GAAGATGGTGATGGGATTTC5’.
In this reaction, the constructed cDNA was used as the
template and Smart-taq DNA polymerase (SYNLAB,
Estonia) was employed for polymerase reaction. Primers
were designed by Primer3 and Oligo7 software programs.
Sequences of primers for Bcl-2 gene were as follows: forward 5’ATGTGTGTGGAGAGCGTCAA3’, and reverse
3’TCTTCAGAGACAGCCAGGAGA5’. Real-time PCR
was performed with a Rotor-gene 6000 (Corbett Robotics, Australia) using SYBER-green (Takara, Japan) master
mix. Thermal cycling conditions were 95°C for 4 minutes;
95°C for 10 sec onds; 45 cycles of 60°C for 60 sec.

Table1: Demographic and Clinical Characteristics of the Patients
Groups Clinical Factors
Age (Years)
(Means ± SD)
Sex
Female (n = 15)
Male (n = 19)
Tumor size
< 4 cm (n = 16)
> 4cm (n = 18)
Original Site of Tumor
Upper (n = 11)
Middle (n = 13)
Lower (n = 10)
Grade
I (n = 7)
II (n = 11)
III (n = 9)
IV (n = 7)
Smoking
Smoker (n = 12)
Non-smoker (n = 11)
Former Smoker (n = 11)

Control Group (n=17)

Case Group (n=17)

67.5 ± 11.21

71.25 ± 9.81

8
9

7
10

6
10

10
8

5
8
6

6
5
4

4
6
4
3

3
5
5
4

5
6
4

7
5
7

P Value
0.235
0.695

0.759

0.098

0.089

0.085
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Indirect IHC was performed to confirm the expression
of BCL2. Tissue samples were fixed in 4% formalin
overnight, embedded in paraffin, sectioned at 4 μm and
stained with phycoerythrin (PE) conjugated anti-BCL2
antibody. After dewaxing, tumor tissue sections were rehydrated by sequential dipping into a series of bathes, for
3 minutes each involved: 95% ethanol, 75% ethanol, 50%
ethanol and tap water. Antigen was retrieved in citrate
buffer solution (Target Retrieval Solution, Agilent, Santa
Clara, CA) at 37°C for 25 minutes and blocked with 1%
BSA in phosphate-buffered saline (PBS) at room temperature for 30 minutes. Samples were stained for standard IHC.
Statistical Analysis
Statistical analysis was performed using SPSS software
version 16.0 (SPSS Inc., Chicago, IL, USA). Normal
distribution of Bcl2 mRNA expression levels was analyzed using the One-sample Kolmogorov-smirnov test.
Independent t-test was used to compare the expression
of Bcl2 in both groups. The non-parametric Wilcoxon-mann-whitney test was used to analyze the protein
level alteration. P values <0.05 were considered statistically significant.

pared with the control group, the reduction of BCL2
protein level after treatment in the case group was not
statistically significant.
Bcl2 gene expression (% related to control)

Immunohistochemical Study
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Figure 1: Comparison of the Bcl-2 Transcription
Control group: received cisplatin without supplements, case Group:
received cisplatin plus orally administered omega3, 6 and 9 supplements. **: P < 0.005
Table 2: BCL2 Protein Expression Levels in Two Groups of
Studied Patients
Sample

BCL2 Protein
Control Group

BCL2 Protein
Case Group

Before

After

Before

After

RESULTS

1

+

-/+

2+

+

2

2+

-/+

2+

-

Patients

3

2+

+

3+

-/+

4

2+

-/+

2+

-

5

2+

-/+

2+

-/+

6

+

-

+

-

7

2+

-

2+

-/+

8

2+

-/+

3+

-

9

2+

+

2+

-

10

+

-

+

-/+

11

2+

-

2+

-

12

2+

-

2+

-

13

2+

+

3+

-/+

14

2+

-

2+

-/+

15

2+

-

2+

-

In the present case-control study, 56% of all patients
were male and 44% female. No significant difference
was observed between the mean age of the control and
case groups. There were also no significant difference s
between the groups in tumor size, original site of tumor,
and grade and smoking status.
Decreasing Bcl-2 Gene Expression
Figure 1 shows the Bcl-2 gene expression rate in the 2
groups of the study. As presented, the Bcl-2 gene expression rate in the case group (patients received fatty acid
supplement with chemotherapy) was significantly lower than that of the control group. The mean Bcl-2 gene
expression level was 2.101.03± in the control group and
1.280.58± in the case group (P < 0.05).

16

+

-

+

-

17

2+

-/+

2+

-

Assessment of BCL2 Protein Level

DISCUSSION

The BCL2 expression was assessed semiquantitatively by
IHC, using pathologists’ scoring from – to 3+. According
to the current study criteria, samples with a negative and
weak positive BCL2 expression scored - and +, respectively. For the cases who were difficult to score either – or
+, score -/+ was given. Additionally, samples with a high
BCL2 expression were also scored 2+ and 3+. The IHC
results of BCL2 expression are shown in Table 2. Com-

Chemotherapy is one of the standard treatment modalities for most cancers. However, this therapeutic
method cannot always induce cell death or apoptosis in
cancer cells and in most cases may lead to cancer recurrence, and finally death. Treating gastric cancer is still
one of the challenges of oncology. The current study
aimed examining the possible effects of oral administration of omega-3, -6 and -9 fatty acids on gastric cancer
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cell apoptosis in patients with gastric adenocarcinoma
through studying Bcl-2 gene expression and BCL2 protein production. Different studies have examined the
impact of diet on cancer treatment. Currently, different
roles has been recognized for dietary fatty acids including cell membrane and nuclear receptor modulation,
cytoskeletal function, and signaling pathways regulation [16]. A variety of studies showed that polyunsaturated fatty acids (PUFAs) have cytotoxic effects on
different types of cancer cells, and can be used as supplements to chemotherapy drugs. Hyde et al., showed
that PUFAs can induce apoptosis in tumor cells by their
ability to convert sphingomyelin to ceramide that triggers the release of pre-apoptotic proteins such as BCL2
[17], consistent with the results. Moreover, Comba et
al. showed that PUFAs can be converted to eicosanoids
by the enzymes cyclooxygenase (COX), lipoxygenase
(LOX) and cytochrome P450 (CYP450) [7]. Using
animal models, it has been demonstrated that n-3 PUFAs including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) induce apoptosis through
MEK/ErK signaling pathway in breast cancer cells
[18]. In addition, EPA and DHA reduce the expression
of Bcl2 and procaspase-8, and activation of EGFR in
human breast cancer cell lines [19]. EPA and DHA induce ROS accumulation in breast and pancreatic cancer
cell lines and trigger caspase-8-dependent apoptosis in
vitro and in vivo [20, 21]. DHA and EPA elevated the
expression of the PTEN gene and its protein, peroxisome proliferator-activated receptor gamma (PPARγ),
in breast cancer cells. Increase of PPARγ resulted in inhibition of AKT-mTOR signaling phatways and cancer
cell proliferation [22]. Gene n-3 PUFAs induce apoptosis and autophagy in prostate cancer cell lines through
the AKT-mTOR signaling pathways [22]. In addition to
apoptosis, PUFAs suppress inflammatory process and
modulate CD4+ T-cell differentiation [23].
DHA and EPA reduce viability and induce apoptosis in
gastric cancer cells through caspase-3. Adenosine A1
receptors, which involve in apoptosis, is up-regulated in
response to DHA and EPA [15]. A study on colorectal cancer xenograft bearing mice has indicated that dietary n-3 PUFAs may enhance the effect of Chemotherapeutic agents and promote cancer cells’ apoptosis via
preventing Bcl2 and mt-p53 expression [24]. Another
study has represent that omega-3 and omega-6 fatty
acids induced apoptosis in colon cancer cells through
a mitochondrial pathway, activation of caspase-3 and
-9, and inhibiting Bcl2 [25]. A study on stomach cancer
cell line indicated that omega-3 fatty acid inhibited tumor growth and induced apoptosis in these cells [26].
Therefore, PUFAs are potent biological compounds
that can prevent the growth of cancer cells. On the other hand, some studies indicated the cancer progression
role of n-6 fatty acids. It has been shown that the AA-derived metabolite, 12-HETE, plays an important role in
prostate cancer progression [27]. Furthermore, n-6 fat-

ty acids induced proliferation in prostate cancer cells.
A study on fatty acid compositions of phospholipids
in mucosal gastric cancer cells also indicated that omega-6 fatty acid has a higher percentage compared with
those of normal tissue due to the higher concentration
of arachidonic acid [28]. It seems unsaturated fatty acids inhibit the apoptosis process in breast and prostate
cancer [26]. The previous findings were consistent with
the results of the current study. It can be concluded that
the use of PUFAs, especially omega-3, as supplements
to cis-platinum drugs may be effective to further stimulate apoptosis in gastric cancer cells due to decreased
Bcl-2 gene expression. These results may represent a
better treatment response to chemotherapy in patients
with gastric cancer. Further studies are required to conclude the effects of omega fatty acids as supplements on
gastric cancer therapy.
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