
Investigating the Exposition Rate of Regulatory 
Genes of Cell Cycle Phase G2/M in Patients With 
Stomach Adenocarcinoma by the Meal Prescription 
of Polyunsaturated Fatty Acids Before and After 
Chemotherapy 

Introduction
Cancer is a hyperactive disorder which includes the 
evolution of morphological cells, disorder in regulating 
the apoptosis, as well as, uncontrolled cellular propagation, 
aggression, angiogenesis, and metastasis (1). In addition, 
cancer can originate from each part. Prognosis and 
precaution for survival in individuals with cancer depend 
on the location from which cancer is rooted, as well as the 
clinical symptoms, and treatment choices of patient status. 
Further, stomach adenocarcinoma is the second most 
common cancer in the world and its prevalence varies in 
different countries. This kind of cancer is relatively rare 
in North America, however, a large number of deaths are 

reported from cancer (2-5). According to recent reports 
in North America, gastric cancer after colorectal and 
pancreatic cancers is the third reported malignant disease 
and the third malignancy which leads to death (4). Despite 
a decline in its global incidence, stomach adenocarcinoma 
accounts for 3% to 10% of the total cancer deaths. In 
countries like Japan, the survival rate for gastric cancer 
steadily improved while no improvement was observed in 
North America. Although advances were made in surgery 
and chemotherapy, there is significant mortality related to 
gastric cancer. Ninety percent of the stomach cancer cases 
are malignant and stomach adenocarcinoma includes 95% 
of all these cancers. Unfortunately, the total survival rate 
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of 5 years in patients with gastric adenocarcinoma is only 
10% to 30% (8-10).

Generally, 3 methods of surgery, chemotherapy, and 
radiotherapy are utilized to treat or alleviate the severity 
of this cancer out of which surgery is the most common 
way in this respect. However, it has some limitations since 
surgery is possible when the lesions are accessible to the 
surgeons and if cancer has not spread to other organs. This 
procedure is successful in decreasing 40% of the cancer 
cases and in its more advanced cases, it is just considered 
as a supportive treatment (9,10). Chemotherapy implies 
using medicine to kill the cancerous cells. These medicines 
are often prescribed in venous or in the meal form. Based 
on the studies, resistance to the medicines is observed in 
the area of all effective and new medicines. Hence, the 
ability to predict and overcome the medicine resistance 
may be helpful in improving the chemotherapy (11-13).

Furthermore, one of the goals of chemotherapy in 
controlling the cancers is ceasing the cell cycle. Cell 
cycle assures copying the chromosomes and cellular 
division. Wasting cell cycle regulation normally results in 
inactivating the apoptosis and eliminating the uncommon 
cells from the body. However, cells are altered to the 
cancerous types by overcoming the control mechanisms in 
some cases (14). Control mechanisms exist in the cyclin-
CDK cell cycle. Therefore, it is thought that changing 
the exposition level of the cyclin-CDK complexes leads 
to some malformation of the cellular division such as 
cell proliferation in malignancies. Moreover, several 
reports demonstrated that the polyunsaturated fatty acids 
(PUFAs) can prove their own anticancer effects on various 
cancerous cells by ceasing the cell cycle (15,16).

Necessary PUFAs are the major biological compounds 
with structural and functional roles in natural and malign 
cells (17). PUFAs play a vital role in all levels of organisms. 
Additionally, researchers indicate that PUFAs compounds, 
especially the ratio of n-3 PUFAs to n-6 PUFAs in diets 
are more important (11). Omega-3 unsaturated fatty acids 
refer to high chain fatty acids which their first double 
bond in carbon number 3 is the methyl end (18). Typical 
types of omega-3 unsaturated fatty acids include alpha-
linolenic acid (ALA), docosahexaenoic acid (DHA), and 
eicosapentaenoic acid (EPA). ALA naturally occurs in 
the vegetable oils while DHA and EPA are mainly found 
in fatty fish such as salmon, sturgeon, and sardines (19). 
In addition, ALA should be fed from the diet since is 
not synthesized in humans while DHA and EPA are 
synthesized from the ALA (20). Various studies reported 
that n-3 PUFAs are needed for the normal functioning of 
the growing tissues, natural maturity, and a wide range of 
physiological processes (21).

The n-6 PUFAs are essential for normal growth, 
development, and essential health. Thus, one should 
be very careful before deciding on whether or not it 
is harmful. The need for n-6 PUFAs refers to their 
physiological function in cellular membranes, eicosanoid 

production, and regulating cholesterol metabolism. The 
results of various studies indicate that high intake of ALA 
may increase the insulin resistance and hyperinsulinemia. 
Further, it is a substrate for lipid peroxidation and the 
formation of free radicals. Accordingly, diets that contain 
high levels of n-6 PUFAs have several serious side effects 
in the long term such as hyperinsulinemia, atherosclerosis, 
and carcinogenesis (22).

Furthermore, PUFAs among n-3 PUFAs categories, 
especially EPA and DHA have prohibitive effects on 
metastasis and cancerous cell proliferation (23,24). 
Moreover, the anti-inflation and anticancer effects of n-3 
PUFAs were experimentally studied using in vitro systems 
(25,26). Additionally, it was observed that using omega 
fatty acids, especially DHA and EPA fatty acids resulted 
in increasing the vulnerability to chemotherapy and 
radiotherapy and decreasing their side effects. In addition, 
it may reduce the rate of metastasis of the cancerous cells 
(27,28).

Therefore, the present study mainly aimed at 
investigating the effects of prescribing omega 3, 6, and 9 
unsaturated fatty acids with cisplatin on the exposition 
rate of the cyclin B1 and CDK1 in patients with stomach 
adenocarcinoma in order to examine the effect of omega 
fatty acids on ceasing the cell cycle.

Materials and Methods
Type of the Study and Sample Size
This study was a double-blind clinical trial in which 
neither the ecologist nor the patient was aware of the 
treatment. Accordingly, possible errors were inhibited. 
Twenty-four people out of all those patients with the 
probable diagnosis of stomach cancer who referred to 
endoscopy clinic of the Medical Sciences University of 
Tabriz were selected and categorized into 2 groups of 12 
people based on the goals and conditions of the present 
thesis. The following formula was used to compute the 
sample size regarding the study type (29):
N ≥ S2 (Ʃα/2+Ʃβ/δ2)

where the attained average for the exposition rate of the 
cyclin-B1 was considered given the reliability coefficient 
of 95% and the power of 85% and in accord with previous 
studies. 

Sampling Method
Following certain diagnosis of the stomach cancer, 3 
biopsy samples were taken from the stomach cancer 
tissue, and then transferred to the nitrogen tank. Then, 
these patients were referred to the oncologist and their 
chemotherapy initiated in 2 selected groups. The treatment 
was performed by the cisplatin with placebo in the control 
group while in the case group it was implemented by 
the cisplatin along with the complementary capsule of 
fatty acids, namely, Natural Factors Ultimate Omega 
Factors with a dose of 1200 mg made by the America 
and 3600 mg daily including three 1200 mg medicines 
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for 3 courses each lasting 3 weeks (30). Next, along with 
treatment compulsory follow-up, endoscopy was again 
implemented on these people and tumor treatment was 
persecuted by removing the stomach biopsy. Finally, the 
obtained samples from patients were again transferred to 
the nitrogen tank.

Determining the pattern of fatty acids present in omega 
3, 6, and 9 capsules was prescribed to the patients to 
assure the accurate percentage rate of the fatty acids in 
the capsules used in the present study. The pattern of 
fatty acids present in these capsules was determined by a 
gas chromatography device made by Buck Corporation, 
America compared to the relative standards. Figure 1 
illustrates the chromatogram related to the fatty acids in 
the soft-gel capsule. Furthermore, Table 1 represents the 
percentage of PUFAs in natural factors ultimate-omega 3, 
6, and 9.

Quality assessment of the extracted RNA was used for 
extracting the total RNA from all the biopsy specimens. 
Then, the concentration and quality of the extracted 
RNA were examined by using NanoDrop ND-1000 
spectrophotometer and agarose gel electrophoresis, 
respectively. The 28s, 18s, and 5s bands were observed 
to control the integrity of the total extracted RNA. 
To this end, 1.5% (W/v) nucleotide-agarose gel was 
prepared along with the agarose gel stain. Then, RNA of 
the interest was loaded on the gel. Finally, as Figure 2A 
displays, separation of RNA of interest was observed by 
the electrophoresis (13). After performing the gradient 

polymerase chain reaction (PCR), the temperature of the 
gene of interest was found (i.e., 59°C for the GAPDH, 
59°C for the cyclin B1, and 59°C for the CDK1). Then, 2% 
agarose gel was prepared for evaluating the PCR products. 
Finally, sharp bands including 70, 119, and 13 bp were 
observed under the UV light for the CDK1, GAPDH, and 
cyclin B1, respectively (Figure 2B).

The tissue made by the EURx Corporation in Poland 
was employed to extract the RNA according to the RNA 
extraction kit protocol. The first strand synthesis hyper 
script produced by the commercial Gene All company was 
applied to manufacture the cDNA. The primers for cyclin 
B1 and CDK1 were designed and blasted. Eventually, 
the GAPDH gene was utilized as an internal control 
and relative measurement of the mRNA exposition was 
calculated by 2-ΔΔΔct.

Designing and Selecting the Primer
In the above-mentioned cases, the understudied gene 
primers were designed by primer 3 software and then 
checked by Oligo7 software. They were tested in terms of 
proprietary evolution in the NCBI/primer blast. Then, the 
designed sequences were sent to Sinaclon Company for 
the synthesis (Table 2).

In this research, the primers synthesized by Sinaclon 
Company was used to do the real-time PCR. The diagnosis 
compound of the SYBR-Green was also used.

 The average of the results was computed by the 
SPSS software, version 22 in each group since it was 

Figure 1. Chromatogram of the Fatty Acids in the Soft-Gel Capsule.

Figure 2. (A) 18s and 28s electrophoresed bands 1 of the RNA 
samples; (B) Sharp bands for the GAPDH, cyclin B1, and CDK1 
(Gradient PCR, TM = 60˚C, 58˚C, & 58˚C).

Table 1. The Percentage of Polyunsaturated Fatty Acids in Natural Factors 
Ultimate-Omega 3, 6, and 9

Unsaturated Fatty Acids % Of Total

16:0 8.35

16:1n-7 0.65

18:0 4.49

18:1n-9 20.61

18:2n-6 23.88

18:4n-3 7.37

20:5n-3 25.70

22:6n-3 8.95

A

B
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independent of the groups under investigation. Moreover, 
the normality distribution of the results was then studied 
by the Shapiro-Wilks test. Next, the results of normal and 
non-normal distributions were compared between the two 
groups by independent sample t test and Mann-Whitney 
nonparametric test.

Results
Comparing the Demographic Data on Patients in the 
Groups Under Investigation
Demographic data of the patients in both groups are 
provided in Table 1. These data were statistically compared 
to each other. Based on the table, the study groups were 
well equalized in terms of the age, gender, tumor spot, 
tumor degree, and other information with each other 
(Table 3).

Comparing the Exposition Rate of the Genes (Cyclin B1 
CDK1) in the Study Groups
Exposition rates of the cyclin B1 gene in both study groups 
were compared. Based on the results, the exposition rate 
of the cyclin B1 gene which was performed following 
the chemotherapy with the complementary omega fatty 
acids in case group demonstrated a significant decrease 
compared to the control group including the patients with 
chemotherapy without receiving the complementary fatty 
acids. Using Mann-Whitney test, it was found that the 

Table 2. Information of Cyclin B1, CDK1, and GAPDH Primers

Primer Sequence (5’→3’) NCBI Ref. Sequence

CDK-1

Forward
Revers

ATGGAAACCAGGAAGCCTAGC
TTTCGAGAGCAAATCCAAGCC

NM_001320918.1

Cyclin-B1

Forward
Revers

TATGCAGCACCTGGCTAAGA
CCAGGCATTTGCAGGCATTAAG

 NC_000005.10

GAPDH

Forward
Revers

GAAGGTGAAGGTCGGAGTC
GAAGATGGTGATGGGATTTC

NC_000012.12

Table 3. Demographic Information of the Patients

Clinical and Pathologic Factors
Groups P Value

Control (n=12) Case (n=12)

Age (y) (Means± SD) 67.5±11.21 71.25±9.81 0.235

Gender 0.695

Male (n=15) 7 8

Female (n=9) 5 4

Tumor size 0.759

<4 cm (n=11) 4 7

>4 cm (n=13) 8 5

Tumor primary location

Upper (n=7) 3 4 0.714

Median (n=11) 5 6 0.790

Lower (n=6) 4 2 0.452

Stage classification of malignant tumors (TNM) 0.089
I  (n=4) 2 2

II (n=7) 4 3

II (n=5) 2 3

IV (n=8) 4 4

Systolic blood pressure (mm Hg) 131.1±9.2 128.8±10.2 0.235

Diastolic blood pressure (mm Hg) 85.1±7.1 79.2±7.9 0.985

Cigarette smoking

Current Smoking (n=10) 5 5 1

Non-Smoker (n=7) 4 3 0.714

Ex-Smoker (n=7) 3 4 0.697

Fasting blood sugar (mg/dL) 98.54±15.25 102.85±18.65 0.235

Cholesterol (mg/dL) 148.98±21.56 151.25±25.65 0.125

Triglyceride (mg/dL) 87.25±18.25 78.25±15.65 0.256

History of family 0.73

Yes (n=13) 7 6

No (n=11) 5 6
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mean of exposition rates for the cyclin B1 gene was equal 
to (2-ΔΔΔct) 3.99 and (2-ΔΔΔct) 0.53 in the case and in control 
groups, respectively. The P value was 0.024. As Figures 3A 
and B depict, the minimum and maximum responses were 
equal to (2-ΔΔΔct) 3.63 and (2-ΔΔΔct) 0.5 in the case group 
while in the control group, these responses were (2-ΔΔΔct) 
0.5 and 1.73, respectively. The test coefficient was 2.3. 
Additionally, the exposition rates of the CDk1 gene were 
compared in both study groups. As the results indicate, 
such rate demonstrated a decline in the case group after 
chemotherapy with complimentary omega fatty acids 
compared to the control group containing patients with 
chemotherapy without receiving any complementary. 
Employing the Mann-Whitney test, the mean of exposition 
rates for CDK1 gene was equal to (2-ΔΔΔct) 0.58 and (2-ΔΔΔct) 

0.7, in the case and control groups, respectively. The P 
value was 0.001. Finally, as Figures 4A and B illustrate, the 
minimum and maximum responses are (2-ΔΔΔct) 0.7 and 
(2-ΔΔΔct) 3.97, as well as (2-ΔΔΔct) 1.14 and 14.35 for the case 
and control groups, respectively. Test coefficient was 13.

Discussion
The n-3 and n-6 PUFAs are regarded as the necessary 
cellular components with various biological properties. In 
addition, the n-3 PUFAs are mostly found in the seafood. 
Further, as regards the human health, n-3 PUFAs have 
more considerable effects including repressing cancer, 
prohibiting the cardiovascular diseases, and improving 
intellectual ability (31,32). Researchers demonstrated that 
understudied fatty acids, especially N-3 PUFAs may play 

Figure 3. (A) The Expression of Cyclin B1 Genes in the Case and Control Groups Before the Chemotrophy. The median of the exposition rates 
of cyclin B1 gene was equal to 7.72 and 0.07 in the case and control groups, respectively and the P-value was 0.47. In addition, the minimum 
response was 0.00 while the maximum response was equal to 86.82 in the case group. However, the minimum and maximum responses 
were equal to 0.00 and 194.01 in the control group and (B) the median of the exposition rates of cyclin B1 gene were 3.99 and 0.53 in the 
case and control groups after the chemotrophy, respectively and the P-value was 0.024. Further, the minimum response was equal to 3.63 
while the maximum response was 0.5 in the case group. Furthermore, the minimum and maximum responses were equal to 0.5 and 1.73 in 
the control group, respectively.

Figure 4. (A) The expression of CDK1 genes in case and control groups before chemotrophy. The median of the exposition rates of CDK1 gene 
was equal to 1.13 and 0.1 in the case and control groups before the chemotrophy, respectively and P-value was 0.44. Moreover, the minimum 
and maximum response of the case group were 0.00 and 31 while those of the control group was equal to 0.00 and 32. (B) The median of the 
exposition rates of CDK1 gene was equal to 0.58 and 2.77 in the case and control groups after the chemotrophy, respectively and  P-value 
was 0.001. Finally, the minimum and maximum response of the case group were 0.7 and 3.97 whereas those of the control group were 1.14 
and 14.35, respectively.

(A)

(A) (B)

(B)
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a major role in altering cancer (33). Furthermore, many 
other reports imply that great consumption of these fatty 
acids is correlated with decreasing the danger of catching 
stomach cancer in animal and human being models. 
Specifically, recent studies indicate that n-3 PUFAs lead 
to a delay in the progression of the colon and stomach 
cancers. Moreover, their decrease may be the main strategy 
for stomach cancer prevention in patients with a high risk 
by various procedures of cancer prevention using the n-3 
PUFA. Additionally, using the n-3 PUFA along with other 
factors (medicines) with antitumor complementary can 
improve its effectiveness in cancer prevention (18). In 
addition, n-6 PUFAs is highly abundant in the daily diet. 
Some studies demonstrated that excessive consumption of 
5 of n-6 PUFAs may be dangerous and increase the risk 
of suffering from breast, prostate, and colon cancers (34-
36). However, evidence indicates that some n-6 PUFAs 
include anticancer effects (31). Research by the Kian 
group demonstrates that n-6 PUFAs exert their own 
anticancer effects by affecting the exposition rate of the 
genes and proteins. Accordingly, they may prevent cell 
cycle progression and create apoptosis. For example, in 
rat’s carcinoma cells (LLC-WRC256), gamma-linolenic 
acid caused the dispersion of cytochrome C in relation 
to mitochondria metabolism variation and increased the 
activity of caspase 3. Therefore, it caused cell apoptosis 
(37). Several researchers reported that free radical 
derivatives of dihomo-γ-linolenic acid may halt the cell 
growth and cycle and apoptosis in cancerous cells of the 
human colon cancer from the category 29HCA-7 (38).

Nassar et al (39), Celik et al (40), and Liang et al (41) 
attributed the toxic effect on the cancer cells to the 
omega-3 and omega-6 fatty acids which induce oxidative 
stress and reduce the growth of cancer cells. The result of 
the studies and the mechanisms mentioned above were 
mostly reported in terms of cell culture media and on 
laboratory animals. As a result, the presented data provide 
no precise explanation regarding the mechanism of anti-
cancer effects of the omega fatty acids and thus cannot be 
generalized to clinical samples and to the present research 
findings. Therefore, to the best of our knowledge, the 
current study is the first one to investigate the inhibition 
cell cycle in gastric adenocarcinoma of the omega fatty 
acids into the human samples. The study by Dolatkhah 
et al (13) implies the increase of apoptosis rate through 
mitochondria route due to the consumption of omega 3, 
6, and 9 fatty acids. Further, a number of studies on the 
anticancer effects of the peroxisome proliferator-activated 
receptor (PPARY) ligands in several colon cancer cells 
represent that these ligands affect inducing the apoptosis, 
ceasing the cell cycle, and altering the growth and 
proliferation (42). Hosseinzadeh et al (43) reported that 
the exposition of PPARY mRNA increases considerably 
in the patients with cisplatin treatment using the PUFA 
complementary foods. Therefore, the cell cycle can be 
stopped increasing the apoptosis rate in the cancerous 

cells. In another study by Sato et al (44), it was revealed that 
inducing the apoptosis which ceases the cell cycle in G1 
phase may be one of the mechanisms with anticoagulation 
effects to activate the PPARY by omega unsaturated fatty 
acids in humans’ cancerous cells. It is partly consistent 
with the results obtained in the present study. As displayed 
in diagrams 1 and 2, PUFAs could totally halt the cyclin 
B1 and CDK1 genes in the case group compared to those 
in the control group. In the following section, this issue is 
explained in details.

The cyclin B1 is a member of great cyclin family and 
has high importance since it is believed that cyclin B1 can 
control the examination protocol of the G2/M phase and 
regulate the accurate initiation of the mitosis necessary for 
the DNA synthesis and cellular propagation. The obtained 
evidence represented that cyclin B1 is greatly observed 
in breast cancer, swallow squared cell carcinoma, as well 
as, lung and stomach cancers and other cancerous cells 
(45-49). Modification of this cyclin in G2 phase led to the 
prevention of M-phase progress in the cell cycle, stopping 
the cell growth and differentiation, apoptosis, and 
metastasis in various kinds of cancers. So far, increasing 
the exposition of cyclin B1 has been emphasized in the 
breast, prostate, swallow, lung, colon, and stomach cancers 
(50-53). For instance, Chae et al (54) reported that the 
exposition of cyclin B1 has no effect on the survival of 
patients with breast cancer. Furthermore, Bjorck et al (55) 
highlighted that patients with follicle lymphoma who are 
exposed to high level of cyclin B1 following chemotherapy 
demonstrate better results compared to patients with low 
cyclin B1 exposition. Moreover, Yifeng et al (56), among 
others, declared that cyclin B1 was heavily exposed. 
Additionally, cyclin B1 may cause cellular propagation 
and tumor growth by advancing the cellular cells and 
decreasing the apoptosis in colorectal cancerous cells.

Using the MHCC97L cell of human hepatocarcinoma 
cells, Lee et al (16) found that DHA could stop cell 
cycle through halting DNA synthesis and inducing the 
apoptosis. In addition, the number of cells in the G2/M 
phase in undertreatment cells with DHA was lower than 
that of the control cells. These results are in line with 
those of the present study since reducing the exposition 
rates of CDK1 and cyclin B1 genes inhibited the formation 
of CDK1-Cyclin B1 complex and increased the period 
of cell stopping in G2 phase. Similarly, Aurelia Barascu 
et al (17) concluded that docosahexaenoic (DH) and 
eicosapentaenoic acid (EP) increased the length of the 
G2/M phase of the cell cycle. Therefore, they may halt 
cell cycle and cellular propagation in the cancerous cells. 
This is in conformity with the results obtained in the 
current study. Evaluating the regulatory proteins of the 
G2/M phase represented that cyclin B1-CDK1 which are 
the key factors in cell entrance to the mitosis phase are 
simultaneously restrained. Halting the G2/M progression 
due to DHA and EPA demonstrates that these fatty acids 
can affect G2 or M-phase regulators. Further, it is implied 
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that EPA and DHA can reduce the phosphorylation state 
of the cyclin B1 and exposition of the CDC25. Finally, 
they may result in halting the activity of CSK-cyclin B1, 
therefore increasing the length of the G2 phase.

Conclusions
Generally speaking, based on the results of the present 
study, using PUFAs with cisplatin medicine in patients 
with stomach adenocarcinoma can have a role in stopping 
the G2/M phase of the cell cycle in stomach cancerous cells. 
This is regarded as a promising finding for controlling the 
cancerous cells in stomach adenocarcinoma.

Conflict of Interests 
Authors have no conflict of interests.
 
Ethical Issues 
This study  was approved by Ethics Committee of 
Tabriz University of Medical Sciences (ethical code 
of IR.TBZMED.REC.1395.677) and registered in the 
Iranian Registry of Clinical Trials website (identifier: 
IRCT2016121216922N2).

Financial Support
This work was supported by grants from Ali Rezazadeh 
and Dr Homayun Dolatkhah.

References
1. Cheng J, Du YF, Xiao ZY, et al. Growth inhibitory 

effect of KYKZL-1 on Hep G2 cells via inhibition of 
AA metabolites and caspase-3 pathway and cell cycle 
arrest. Toxicol Appl Pharmacol. 2014;274(1):96-106. 
doi:10.1016/j.taap.2013.10.021

2. Bozzetti F, Marubini E, Bonfanti G, Miceli R, Piano 
C, Gennari L. Subtotal versus total gastrectomy for 
gastric cancer: five-year survival rates in a multicenter 
randomized Italian trial. Italian Gastrointestinal Tumor 
Study Group. Ann Surg. 1999;230(2):170-178.

3. Borch K, Jonsson B, Tarpila E, et al. Changing pattern of 
histological type, location, stage and outcome of surgical 
treatment of gastric carcinoma. Br J Surg. 2000;87(5):618-
626. doi:10.1046/j.1365-2168.2000.01425.x

4. Davis PA, Sano T. The difference in gastric cancer between 
Japan, USA and Europe: what are the facts? what are the 
suggestions? Crit Rev Oncol Hematol. 2001;40(1):77-94.

5. Schwartz GK. Invasion and metastases in gastric cancer: 
in vitro and in vivo models with clinical correlations. 
Semin Oncol. 1996;23(3):316-324.

6. Green D, Ponce de Leon S, Leon-Rodriguez E, Sosa-
Sanchez R. Adenocarcinoma of the stomach: univariate 
and multivariate analysis of factors associated with 
survival. Am J Clin Oncol. 2002;25(1):84-89.

7. Msika S, Benhamiche AM, Jouve JL, Rat P, Faivre J. 
Prognostic factors after curative resection for gastric 
cancer. A population-based study. Eur J Cancer. 
2000;36(3):390-396.

8. Harrison LE, Karpeh MS, Brennan MF. Extended 
lymphadenectomy is associated with a survival benefit 

for node-negative gastric cancer. J Gastrointest Surg. 
1998;2(2):126-131.

9. Seo JY, Jin EH, Jo HJ, et al. Clinicopathologic and 
molecular features associated with patient age in gastric 
cancer. World J Gastroenterol. 2015;21(22):6905-6913. 
doi:10.3748/wjg.v21.i22.6905

10. Viste A, Svanes K, Janssen CW Jr, Maartmann-
Moe H, Soreide O. Prognostic importance of radical 
lymphadenectomy in curative resections for gastric 
cancer. Eur J Surg. 1994;160(9):497-502.

11. Lambert LA. Looking up: Recent advances in 
understanding and treating peritoneal carcinomatosis. 
CA Cancer J Clin. 2015;65(4):284-298. doi:10.3322/
caac.21277

12. Thakor AS, Gambhir SS. Nanooncology: the future 
of cancer diagnosis and therapy. CA Cancer J Clin. 
2013;63(6):395-418. doi:10.3322/caac.21199

13. Dolatkhah H, Movahedian A, Somi MH, et al. Effect 
of PUFAs Oral Administration on the Amount of 
Apoptotic Caspases Enzymes in Gastric Cancer Patients 
Undergoing Chemotherapy. Anticancer Agents Med 
Chem. 2017;17(1):93-101.

14. Biondi A, Lirosi MC, D’Ugo D, et al. Neo-adjuvant 
chemo(radio)therapy in gastric cancer: Current status 
and future perspectives. World J Gastrointest Oncol. 
2015;7(12):389-400. doi:10.4251/wjgo.v7.i12.389

15. So WW, Liu WN, Leung KN. Omega-3 Polyunsaturated 
Fatty Acids Trigger Cell Cycle Arrest and Induce 
Apoptosis in Human Neuroblastoma LA-N-1 Cells. 
Nutrients. 2015;7(8):6956-6973. doi:10.3390/nu7085319

16. Lee CY, Sit WH, Fan ST, et al. The cell cycle effects of 
docosahexaenoic acid on human metastatic hepatocellular 
carcinoma proliferation. Int J Oncol. 2010;36(4):991-998.

17. Barascu A, Besson P, Le Floch O, Bougnoux P, Jourdan ML. 
CDK1-cyclin B1 mediates the inhibition of proliferation 
induced by omega-3 fatty acids in MDA-MB-231 breast 
cancer cells. Int J Biochem Cell Biol. 2006;38(2):196-208. 
doi:10.1016/j.biocel.2005.08.015

18. Cockbain AJ, Toogood GJ, Hull MA. Omega-3 
polyunsaturated fatty acids for the treatment and 
prevention of colorectal cancer. Gut. 2012;61(1):135-149. 
doi:10.1136/gut.2010.233718

19. Hull MA. Omega-3 polyunsaturated fatty acids. Best 
Pract Res Clin Gastroenterol. 2011;25(4-5):547-554. 
doi:10.1016/j.bpg.2011.08.001

20. Ruxton CH, Reed SC, Simpson MJ, Millington KJ. The 
health benefits of omega-3 polyunsaturated fatty acids: a 
review of the evidence. J Hum Nutr Diet. 2004;17(5):449-
459. doi:10.1111/j.1365-277X.2004.00552.x

21. Clandinin MT, Chappell JE, van Aerde JE. Requirements 
of newborn infants for long chain polyunsaturated fatty 
acids. Acta Paediatr Scand Suppl. 1989;351:63-71.

22. Berry EM. Are diets high in omega-6 polyunsaturated 
fatty acids unhealthy? Eur Heart J Suppl. 2001;3(Suppl 
D):D37-D41.

23. Lunn J, Theobald HE. The health effects of dietary 
unsaturated fatty acids. Nutr Bull. 2006;31(3):178-224. 
doi:10.1111/j.1467-3010.2006.00571.x

24. Diggle CP. In vitro studies on the relationship between 
polyunsaturated fatty acids and cancer: tumour or tissue 

https://www.irct.ir/trial/15698


Rezazadeh et al

Crescent Journal of Medical and Biological Sciences, Vol. 6, No. 1, January 201944

specific effects? Prog Lipid Res. 2002;41(3):240-253.
25. Moyad MA. An introduction to dietary/supplemental 

omega-3 fatty acids for general health and prevention: 
part II. Urol Oncol. 2005;23(1):36-48. doi:10.1016/j.
urolonc.2005.03.001

26. Rose DP, Connolly JM. Omega-3 fatty acids as 
cancer chemopreventive agents. Pharmacol Ther. 
1999;83(3):217-244.

27. Chapkin RS, Seo J, McMurray DN, Lupton JR. Mechanisms 
by which docosahexaenoic acid and related fatty acids 
reduce colon cancer risk and inflammatory disorders 
of the intestine. Chem Phys Lipids. 2008;153(1):14-23. 
doi:10.1016/j.chemphyslip.2008.02.011

28. Pardini RS. Nutritional intervention with omega-3 fatty 
acids enhances tumor response to anti-neoplastic agents. 
Chem Biol Interact. 2006;162(2):89-105. doi:10.1016/j.
cbi.2006.05.012

29. Rao X, Huang X, Zhou Z, Lin X. An improvement of 
the 2^(-delta delta CT) method for quantitative real-
time polymerase chain reaction data analysis. Biostat 
Bioinforma Biomath. 2013;3(3):71-85.

30. Begin ME, Das UN, Ells G, Horrobin DF. Selective killing 
of human cancer cells by polyunsaturated fatty acids. 
Prostaglandins Leukot Med. 1985;19(2):177-186.

31. Xu Y, Qian SY. Anti-cancer activities of omega-6 
polyunsaturated fatty acids. Biomed J. 2014;37(3):112-
119. doi:10.4103/2319-4170.131378

32. Siddiqui RA, Harvey KA, Xu Z, Bammerlin EM, Walker C, 
Altenburg JD. Docosahexaenoic acid: a natural powerful 
adjuvant that improves efficacy for anticancer treatment 
with no adverse effects. Biofactors. 2011;37(6):399-412. 
doi:10.1002/biof.181

33. Wen B, Deutsch E, Opolon P, et al. n-3 polyunsaturated 
fatty acids decrease mucosal/epidermal reactions 
and enhance antitumour effect of ionising radiation 
with inhibition of tumour angiogenesis. Br J Cancer. 
2003;89(6):1102-1107. doi:10.1038/sj.bjc.6601136

34. Park JM, Kwon SH, Han YM, Hahm KB, Kim EH. 
Omega-3 polyunsaturated Fatty acids as potential 
chemopreventive agent for gastrointestinal cancer. J 
Cancer Prev. 2013;18(3):201-208.

35. Williams CD, Whitley BM, Hoyo C, et al. A high ratio of 
dietary n-6/n-3 polyunsaturated fatty acids is associated 
with increased risk of prostate cancer. Nutr Res. 
2011;31(1):1-8. doi:10.1016/j.nutres.2011.01.002

36. Brown MD, Hart C, Gazi E, Gardner P, Lockyer N, Clarke 
N. Influence of omega-6 PUFA arachidonic acid and bone 
marrow adipocytes on metastatic spread from prostate 
cancer. Br J Cancer. 2010;102(2):403-413. doi:10.1038/
sj.bjc.6605481

37. Colquhoun A, Schumacher RI. gamma-Linolenic acid 
and eicosapentaenoic acid induce modifications in 
mitochondrial metabolism, reactive oxygen species 
generation, lipid peroxidation and apoptosis in Walker 
256 rat carcinosarcoma cells. Biochim Biophys Acta. 
2001;1533(3):207-219.

38. Xu Y, Qi J, Yang X, Wu E, Qian SY. Free radical derivatives 
formed from cyclooxygenase-catalyzed dihomo-gamma-
linolenic acid peroxidation can attenuate colon cancer cell 
growth and enhance 5-fluorouracil’s cytotoxicity. Redox 

Biol. 2014;2:610-618. doi:10.1016/j.redox.2014.01.022
39. Nassar BA, Das UN, Huang YS, Ells G, Horrobin DF. 

The effect of chemical hepatocarcinogenesis on liver 
phospholipid composition in rats fed N-6 and N-3 
fatty acid-supplemented diets. Proc Soc Exp Biol Med. 
1992;199(3):365-368.

40. Celik GE, Erkekol FO, Misirligil Z, Melli M. Lipoxin A4 
levels in asthma: relation with disease severity and aspirin 
sensitivity. Clin Exp Allergy. 2007;37(10):1494-1501. 
doi:10.1111/j.1365-2222.2007.02806.x

41. Liang G, Pu Y, Yin L, et al. Influence of different sizes 
of titanium dioxide nanoparticles on hepatic and renal 
functions in rats with correlation to oxidative stress. 
J Toxicol Environ Health A. 2009;72(11-12):740-745. 
doi:10.1080/15287390902841516

42. Youssef J, Badr M. Peroxisome proliferator-activated 
receptors and cancer: challenges and opportunities. Br 
J Pharmacol. 2011;164(1):68-82. doi:10.1111/j.1476-
5381.2011.01383.x

43. Hosseinzadeh A, Somi MH, Dolatkhah H, Esfahani A, 
Kafil HS, Ardebili SM. The effect of omega-fatty acids on 
mRNA expression level of PPARgamma in patients with 
gastric adenocarcinoma. Exp Oncol. 2016;38(3):191-194.

44. Sato H, Ishihara S, Kawashima K, et al. Expression of 
peroxisome proliferator-activated receptor (PPAR)
gamma in gastric cancer and inhibitory effects of 
PPARgamma agonists. Br J Cancer. 2000;83(10):1394-
1400. doi:10.1054/bjoc.2000.1457

45. Begnami MD, Fregnani JH, Nonogaki S, Soares FA. 
Evaluation of cell cycle protein expression in gastric 
cancer: cyclin B1 expression and its prognostic 
implication. Hum Pathol. 2010;41(8):1120-1127. 
doi:10.1016/j.humpath.2010.01.007

46. Soria JC, Jang SJ, Khuri FR, et al. Overexpression of 
cyclin B1 in early-stage non-small cell lung cancer and its 
clinical implication. Cancer Res. 2000;60(15):4000-4004.

47. Nimeus-Malmstrom E, Koliadi A, Ahlin C, et al. Cyclin 
B1 is a prognostic proliferation marker with a high 
reproducibility in a population-based lymph node negative 
breast cancer cohort. Int J Cancer. 2010;127(4):961-967. 
doi:10.1002/ijc.25091

48. Murakami H, Furihata M, Ohtsuki Y, Ogoshi S. 
Determination of the prognostic significance of cyclin B1 
overexpression in patients with esophageal squamous cell 
carcinoma. Virchows Arch. 1999;434(2):153-158.

49. Weng L, Du J, Zhou Q, et al. Identification of cyclin B1 and 
Sec62 as biomarkers for recurrence in patients with HBV-
related hepatocellular carcinoma after surgical resection. 
Mol Cancer. 2012;11:39. doi:10.1186/1476-4598-11-39

50. Fang Y, Liang X, Jiang W, Li J, Xu J, Cai X. Cyclin b1 
suppresses colorectal cancer invasion and metastasis by 
regulating e-cadherin. PLoS One. 2015;10(5):e0126875. 
doi:10.1371/journal.pone.0126875

51. Mashal RD, Lester S, Corless C, et al. Expression of cell 
cycle-regulated proteins in prostate cancer. Cancer Res. 
1996;56(18):4159-4163.

52. Nozoe T, Korenaga D, Kabashima A, Ohga T, Saeki H, 
Sugimachi K. Significance of cyclin B1 expression as 
an independent prognostic indicator of patients with 
squamous cell carcinoma of the esophagus. Clin Cancer 



Rezazadeh et al

                                     Crescent Journal of Medical and Biological Sciences, Vol. 6, No. 1, January 2019 45

Copyright © 2019 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

Res. 2002;8(3):817-822.
53. Grabsch H, Lickvers K, Hansen O, et al. Prognostic value 

of cyclin B1 protein expression in colorectal cancer. Am 
J Clin Pathol. 2004;122(4):511-516. doi:10.1309/54h4-
q88a-1ubb-wpte

54. Chae SW, Sohn JH, Kim DH, et al. Overexpressions of 
Cyclin B1, cdc2, p16 and p53 in human breast cancer: 
the clinicopathologic correlations and prognostic 
implications. Yonsei Med J. 2011;52(3):445-453. 

doi:10.3349/ymj.2011.52.3.445
55. Bjorck E, Ek S, Landgren O, et al. High expression of 

cyclin B1 predicts a favorable outcome in patients with 
follicular lymphoma. Blood. 2005;105(7):2908-2915. 
doi:10.1182/blood-2004-07-2721

56. Fang Y, Yu H, Liang X, Xu J, Cai X. Chk1-induced CCNB1 
overexpression promotes cell proliferation and tumor 
growth in human colorectal cancer. Cancer Biol Ther. 
2014;15(9):1268-1279. doi:10.4161/cbt.29691


