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Abstract

Background: Inflammation and carcinogenesis are associated in different 
type of cancers and genes which have a key role in inflammation usually are also 
dysregulated in different tumors. Peroxisome Proliferator-Activated Receptor 
Gamma (PPARG) is one of the important inflammatory transcription factors in 
digestive system, especially gastric. Activation of PPARG has been attributed to 
inhibition of tumor growth in several malignancies. In this study, we examined 
whether the PPARG gene is involved in the carcinogenesis of gastric cancer.

Methods: A total of 50 tumor samples and matched normal tissue margins 
were collected during surgery from patients with gastric cancer. After total 
RNA extraction and cDNA synthesis, mRNA expression levels PPARG were 
examined by Real-time polymerase chain reaction. 

Results: The results showed that, the mRNA expression level of PPARG 
was significantly downregulated in the tumor tissues in comparison to the 
marginal tissue (P = 0.002; Fold change = 0.76). Tumor grade of the patients 
was associated with mRNA expression level of PPRAG in tumor tissues (Eta = 
0.786, P = 0.027; Table 3)

Conclusions: Our results indicate that PPARG might be involved in the 
pathogenesis of gastric cancer. Therefore, molecular approaches in increasing 
the expression of this gene might open up horizons for controlling the progression 
of gastric cancer. 
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Introduction

Gastric cancer is one of the most common cancers throughout 
the world, which is ranked as the third cause of cancer-related deaths 
[1]. As in other cancers, different factors such as obesity, physical 
inactivity, smoking cigarettes, inflammation, and genetic factors play 
important roles in the development of gastric cancer [1].  Several 
mutations on DNA of gastric cells change gene expression patterns 
in gastric cancer [2,3]. In fact, there are mainly two types of genes, 
which are involved in cancer development, some with increased 
level of expression known as oncogenes while some with decreased 
expression level known as tumor suppressor genes [4].

Peroxisome Proliferator-Activated Receptors (PPARs) are a 
group of nuclear receptor proteins that have significant roles in 
inflammatory pathways [5-9]. However, PPARs have a key role 
in inflammation by controlling prostaglandin and leukotriene 
production. Moreover, these receptors are also involved in cellular 
lipid and whole-body glucose homeostasis [10,11]. Three types of 
PPARs have been detected in deference tissues (alpha, gamma, and 
delta [beta]) and among them PPAR-γ or PPARG is the common 
variant in gastric tissue. More specifically, it was demonstrated that 
PPARG negatively regulates inflammatory responses in the digestive 
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system. Its important roles in cell metabolism, inflammation, and 
energy homeostasis candidate PPARG as a potential therapeutic 
target in different cancers [12-16].

Recent studies have disclosed that PPARG is expressed in different 
tissues and PPARG ligands can stimulate the inhibition of tumor cell 
growth in human prostate cancer cells, colon cancer cells [2-5], and 
liposarcoma cells. It has also been reported that PPARG can trigger 
apoptosis in mammalian cells [6-8]. 

Due to its pathology, early diagnosis of gastric cancer is very 
important for effective therapy. Like others, in gastric cancer 
morphological changes are evident after molecular changes, which 
actually occur at early stages. As a result, by establishing new and 
effective biomarkers for an initial cancer screening at the molecular 
level, more accurate diagnosis and better treatment strategies can 
be achieved [1,9,10]. Different molecular approaches can also be 
developed to suppress of mimic the expression of such molecules 
that, ultimately, hinder the progression of tumor cells. Considering 
the important role of PPARG in cancer-related pathways, the main 
purpose of this study was to investigate the expression of PPARG and 
its role in the manifesting the pathological presentations of gastric 
cancer that may confer a potential for this molecule to be developed 
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as biomarkers for gastric cancer diagnosis and treatment. 

Patients and Methods
Study participants

Fifty tumoral and their matched marginal tissues, as the normal 
control group, were gathered from gastric cancer patients who had 
referred to Imam Reza Hospital of Tabriz University of Medical 
Sciences during 2014-2018. To get a pure sample population, all the 
patients were native Turkish of North West of Iran. Through sample 
gathering, patients who had undergone chemotherapy and radiation 
therapy were excluded. All samples were collected during surgery and 
then immediately frizzed by nitrogen and stored RNA extraction. The 
clinical data of the patients were collect and summarized in Table 1. 
The Human Research Ethics Committees from the Tabriz University 
of Medical Sciences approved the protocol of this study and written 
informed consent was taken by all patients or their relatives before 
sampling.

RNA extraction
Total RNA was extracted from tumoral and marginal tissues 

by Tripure isolation reagent (Roche, Cat No. 11667165001) 
according to the manufacturer’s protocol. Quantity of RNA samples 
was determined by Nanodrop and quality was examined by gel 
electrophoreses on 1% agarose. Afterwards, RNA samples were 
stored in - 80°C till cDNA synthesis.

Complementary DNA syntheses and Real-time PCR 
quantification

We applied TAKARA complementary DNA (cDNA) syntheses 
kit (TAKARA, Cat No. 6130) to synthesize cDNA according to the 
company’s instructions. In this study, 2 step Real-time PCR was used 
for quantitatively measuring of target gene expression. Quantitative 
Real-time PCR was conducted by SYBR green PCR master mix 
(TAKARA, Cat No. RR820W) and specific primer set for target 
and housekeeping genes (Table 2). Primers were adopted from the 
study by Zafari et al. [17]. For normalizing, the expression level of 
target genes GAPDH (housekeeping gene) expression level was 
used. At the end, the average of duplicated CT values was measured 
and the relative expression level of target genes was determined by 
comparative CT method [18].

Statistical analysis
Statistical analysis was performed using the Graph Pad Prism 

7 (Graph Pad Software Inc. San Diego, CA, USA). Kolmogorov-
Smirnov’s normality test was applied for evaluating normality of 
data. Independent sample  t  test was conducted to compare target 
gene expression level between cancerous tissues and their paired 
marginal tissues. Cross tab (Eta) analysis was conducted to evaluate 
relationship between clinical features of the patients with relative 
mRNA expression of PPRAG. All results were expressed as mean ± 
Standard Deviation (SD). Statistical significance level for all P value 
was less than 0.05.

Result
Baseline specifications and clinicopathological data of gastric 

cancer patients are demonstrated in Table 1. The mRNA expression 
level of PPARG gene was significantly downregulated in tumor tissues 
compared with the marginal normal tissue (P = 0.002, Fold change = 

0.76; Figure 1). Among the clinical date, tumor grade of the patients 
was associated with mRNA expression level of PPRAG in tumor 
tissues (Eta = 0.786, P = 0.027; Table 3)

Discussion
Early diagnose is an important factor in successful treatment 

of cancers and through past decades, new methods for detection 
of gastric cancer have been innovated. However, due to pathology 
of gastric cancer, most patients are in an advanced or metastatic 
stage at the time of diagnosis, resulting in a poor prognosis [11]. To 
improve the treatment rate in gastric cancer, early detection of tumor 
is important. So far, the conventional methods have not been able to 
reach to this goal [15]; thus, it is necessary to find new biomarkers 
that could be used for the initial screening.

Inflammation is one of the early steps in many type of cancers 
specially in gastric cancer. It seems by studying genes which are 
involved in inflammatory pathways, we could find new biomarkers 
for early detection of gastric cancer [13]. PPARG is one of the 
key molecules involved in inflammation [19]. Previous studies 
on PPARG expression in cancer showed disparate results. Some 
studies demonstrated overexpression of PPARG in cancer tissues 
[20-23], while other studies showed decreased PPARG mRNA 
expression [24-26]. For example, upregulation of PPARG mRNA 
in HER2-overexpressing breast cancer was reported [16], while it 
was downregulated in patients with neuroblastoma [27]. These data 
suggest that PPARG can act as a tumor suppressor or oncogene 
depending on the tissue type, cellular environment, and genetic 
background of a patient [28]. Our results showed downregulation 
of the mRNA expression level of PPARG in tumor tissues compared 
with the normal marginal tissues from gastric cancer patients. Given 
that the expression of PPARG in different cancer tissues can stimulate 
the inhibition of tumor cell growth in human cancer cells [2-5], it 
seems that downregulation of PPRAG might contribute to growth 
and proliferation of tumor cells in gastric cancer. The contradictory 
findings about the expression of PPRAG in different tumor cells might 
stem from the nature as well as the phase of tumor grad. However, 
considering the controversial role of PPARG in tumor initiation 
and development, and according to our results, it is still possible to 
consider this gene as a potential therapeutic target. 

In this study, we also analyzed the possible relation between the 
mRNA expression level of PPARG and clinicopathological features 
of patients with gastric cancer. Our results showed significant 
relationships between the expression level of this gene and tumor 
grade of our patients. To prematurely conclude, downregulation of 
PPRAG mRNA expression contributes to the advancement of tumor 
progression.

Conclusion
Alterations in the expression of molecular markers during the 

initiation and progression of carcinogenesis can be the basis for 
designing more effective drugs, and may prevent cancer development 
in early diagnosed patients. Because of a long interval between the 
initiation of gastric cancer and appearance of symptoms, a panel of 
molecular markers can be used in screening and early detection of 
it. Our results indicate that the PPARG gene may be used within this 
context. However, because a small sample size was used in this study, 

http://link-springer-com-443.webvpn.jxutcm.edu.cn/article/10.1007%2Fs12029-018-0154-8#Tab1
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further studies are required to confirm the application of PPARG in 
screening and diagnosing gastric cancer.

Acknowledgement
The authors are thankful from patients and their families for their 

contribution in the study. This study was financially supported by a 
grant from Tabriz University of Medical Sciences.

References
1.	 Asadi M, Shanehbandi D, Zarintan A, Pedram N, Baradaran B, Zafari V, et 

al. TP53Gene Pro72Arg (rs1042522) Single Nucleotide Polymorphism as Not 
a Risk Factor for Colorectal Cancer in the Iranian Azari Population. Asian 
Pacific journal of cancer prevention: APJCP. 2017; 18: 3423.

2.	 Alberts S, Cervantes A, Van de Velde C. Gastric cancer: epidemiology, 
pathology and treatment. Annals of oncology. 2003; 14: ii31-ii36.

3.	 Asadi M, Shanehbandi D, Kermani TA, Sanaat Z, Zafari V, Hashemzadeh S. 
Expression level of caspase genes in colorectal Cancer. Asian Pacific journal 
of cancer prevention: APJCP. 2018; 19: 1277.

4.	 Kobayashi T, Kikuchi S, Lin Y, Yagyu K, Obata Y, Ogihara A, et al. Trends 
in the incidence of gastric cancer in Japan and their associations with 
Helicobacter pylori infection and gastric mucosal atrophy. Gastric Cancer. 
2004; 7: 233-239.

5.	 Calin GA, Croce CM. MicroRNA signatures in human cancers. Nature 
reviews cancer. 2006; 6: 857.

6.	 Guo J, Miao Y, Xiao B, Huan R, Jiang Z, Meng D, et al. Differential expression 
of microRNA species in human gastric cancer versus non-tumorous tissues. 
Journal of gastroenterology and hepatology. 2009; 24: 652-657.

7.	 Landi D, Gemignani F, Barale R, Landi S. A catalog of polymorphisms falling 
in microRNA-binding regions of cancer genes. DNA and cell biology. 2008; 
27: 35-43.

8.	 Papi A, Paola Rocchi, Anna Maria Ferreri, Marina Orlandi. RXRγ and PPARγ 
ligands in combination to inhibit proliferation and invasiveness in colon cancer 
cells. Cancer letters. 2010; 297: 65-74.

9.	 Sabatino L, Fucci A, Pancione M, Colantuoni V. PPARG epigenetic 
deregulation and its role in colorectal tumorigenesis. PPAR research. 2012; 
2012.

10.	Houseknecht KL, Cole BM, Steele PJ. Peroxisome proliferator-activated 
receptor gamma (PPARγ) and its ligands: a review. Domestic animal 
endocrinology. 2002; 22: 1-23.

11.	Michalik L, Desvergne B, Wahli W. Peroxisome-proliferator-activated 
receptors and cancers: complex stories. Nature Reviews Cancer. 2004; 4: 61.

12.	Fajas L, Auboeuf D, Raspé E, Schoonjans K, Lefebvre AM, Saladin R, et al. 
The organization, promoter analysis, and expression of the human PPARγ 
gene. Journal of Biological Chemistry. 1997; 272: 18779-18789.

13.	Lehrke M, Lazar MA. The many faces of PPARγ. Cell. 2005; 123: 993-999.

14.	Pfaffl MW. A new mathematical model for relative quantification in real-time 
RT-PCR. Nucleic acids research. 2001; 29: e45-e45.

15.	Schweitzer A, Knauer SK, Stauber RH. Nuclear receptors in head and neck 
cancer: current knowledge and perspectives. International Journal of Cancer. 
2010; 126: 801-809.

16.	Welch JS, Ricote M, Akiyama TE, Gonzalez FJ, Glass CK. PPARγ and 
PPARδ negatively regulate specific subsets of lipopolysaccharide and IFN-γ 
target genes in macrophages. Proceedings of the National Academy of 
Sciences. 2003; 100: 6712-6717.

17.	Zafari V, Hashemzadeh S, Feizi MH, Pouladi N, Zadeh LR, Sakhinia E. mRNA 
expression of nuclear factor of activated T-cells, cytoplasmic 2 (NFATc2) and 
peroxisome proliferator-activated receptor gamma (PPARG) transcription 
factors in colorectal carcinoma. Bosnian journal of basic medical sciences. 
2017; 17: 255.

18.	Orang AV, Safaralizadeh R, Hosseinpour Feizi MA, Somi MH. Diagnostic 
relevance of overexpressed serine threonine tyrosine kinase/novel oncogene 
with kinase domain (STYK1/NOK) mRNA in colorectal cancer. Asian Pac J 
Cancer Prev. 2014; 15: 6685-6689.

19.	Hashemzadeh S, Arabzadeh AA, Estiar MA, Sakhinia M, Mesbahi N, Emrahi 
L, et al. Clinical utility of measuring expression levels of Stanniocalcin 2 in 
patients with colorectal cancer. Medical Oncology. 2014; 31: 237.

20.	Baumgart S, Glesel E, Singh G, Chen NM, Reutlinger K, Zhang J, et al. 
Restricted heterochromatin formation links NFATc2 repressor activity with 
growth promotion in pancreatic cancer. Gastroenterology. 2012; 142: 388-
398.

21.	Gerlach K, Daniel C, Lehr HA, Nikolaev A, Gerlach T, Atreya R, et al. 
Transcription Factor NFATc2 Controls the Emergence of Colon Cancer 
Associated with IL-6-Dependent Colitis. Cancer research. 2012; 72: 4340-
4350.

22.	Maxeiner JH, Karwot R, Sauer K, Scholtes P, Boross I, Koslowski M, et 
al. A key regulatory role of the transcription factor NFATc2 in bronchial 
adenocarcinoma via CD8+ T lymphocytes. Cancer research. 2009; 69: 3069-
3076.

23.	Qin L, Zhao D, Liu X, Nagy JA, Hoang MV, Brown LF, et al. Down syndrome 
candidate region 1 isoform 1 mediates angiogenesis through the calcineurin-
NFAT pathway. Molecular Cancer Research. 2006; 4: 811-820.

24.	Chen L-C, Hao CY, Chiu YS, Wong P, Melnick JS, Brotman M, et al. Alteration 
of gene expression in normal-appearing colon mucosa of APCmin mice and 
human cancer patients. Cancer research. 2004; 64: 3694-3700.

25.	Panza A, Pazienza V, Ripoli M, Benegiamo G, Gentile A, Valvano MR, et 
al. Interplay between SOX9, β-catenin and PPARγ activation in colorectal 
cancer. Biochimica et Biophysica Acta (BBA)-Molecular Cell Research. 2013; 
1833: 1853-1865.

26.	Yang L, Hong Zhang, Zong-Guang Zhou, Hui Yan, G Adell, Xiao-Feng Sun. 
Biological function and prognostic significance of peroxisome proliferator-
activated receptor δ in rectal cancer. Clinical Cancer Research. 2011; 17: 
3760-3770.

27.	Menendez JA. Fine-tuning the lipogenic/lipolytic balance to optimize the 
metabolic requirements of cancer cell growth: molecular mechanisms and 
therapeutic perspectives. Biochimica et Biophysica Acta (BBA)-Molecular 
and Cell Biology of Lipids. 2010; 1801: 381-391.

28.	Ogino S, Shima K, Baba Y, Nosho K, Irahara N, Kure S, et al. Colorectal 
cancer expression of peroxisome proliferator-activated receptor γ (PPARG, 
PPARgamma) is associated with good prognosis. Gastroenterology. 2009. 
136: 1242-1250.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5980905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5980905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5980905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5980905/
https://www.ncbi.nlm.nih.gov/pubmed/12810455
https://www.ncbi.nlm.nih.gov/pubmed/12810455
https://www.semanticscholar.org/paper/Expression-Level-of-Caspase-Genes-in-Colorectal-Asadi-Shanehbandi/5dfb0ca17eb8c9864affaf02f0f536bc1624f1aa
https://www.semanticscholar.org/paper/Expression-Level-of-Caspase-Genes-in-Colorectal-Asadi-Shanehbandi/5dfb0ca17eb8c9864affaf02f0f536bc1624f1aa
https://www.semanticscholar.org/paper/Expression-Level-of-Caspase-Genes-in-Colorectal-Asadi-Shanehbandi/5dfb0ca17eb8c9864affaf02f0f536bc1624f1aa
https://www.ncbi.nlm.nih.gov/pubmed/15616771
https://www.ncbi.nlm.nih.gov/pubmed/15616771
https://www.ncbi.nlm.nih.gov/pubmed/15616771
https://www.ncbi.nlm.nih.gov/pubmed/15616771
https://www.ncbi.nlm.nih.gov/pubmed/17060945
https://www.ncbi.nlm.nih.gov/pubmed/17060945
https://www.ncbi.nlm.nih.gov/pubmed/19175831
https://www.ncbi.nlm.nih.gov/pubmed/19175831
https://www.ncbi.nlm.nih.gov/pubmed/19175831
https://www.ncbi.nlm.nih.gov/pubmed/17941804
https://www.ncbi.nlm.nih.gov/pubmed/17941804
https://www.ncbi.nlm.nih.gov/pubmed/17941804
https://www.sciencedirect.com/science/article/abs/pii/S0304383510002417#!
https://www.sciencedirect.com/science/article/abs/pii/S0304383510002417#!
https://www.sciencedirect.com/science/article/abs/pii/S0304383510002417#!
https://www.ncbi.nlm.nih.gov/pubmed/22848209
https://www.ncbi.nlm.nih.gov/pubmed/22848209
https://www.ncbi.nlm.nih.gov/pubmed/22848209
https://www.ncbi.nlm.nih.gov/pubmed/11900961
https://www.ncbi.nlm.nih.gov/pubmed/11900961
https://www.ncbi.nlm.nih.gov/pubmed/11900961
https://www.ncbi.nlm.nih.gov/pubmed/14708026
https://www.ncbi.nlm.nih.gov/pubmed/14708026
https://www.ncbi.nlm.nih.gov/pubmed/16360030
https://www.ncbi.nlm.nih.gov/pubmed/11328886
https://www.ncbi.nlm.nih.gov/pubmed/11328886
https://www.ncbi.nlm.nih.gov/pubmed/19839054
https://www.ncbi.nlm.nih.gov/pubmed/19839054
https://www.ncbi.nlm.nih.gov/pubmed/19839054
https://www.ncbi.nlm.nih.gov/pubmed/12740443
https://www.ncbi.nlm.nih.gov/pubmed/12740443
https://www.ncbi.nlm.nih.gov/pubmed/12740443
https://www.ncbi.nlm.nih.gov/pubmed/12740443
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5581975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5581975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5581975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5581975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5581975/
https://www.ncbi.nlm.nih.gov/pubmed/25169509
https://www.ncbi.nlm.nih.gov/pubmed/25169509
https://www.ncbi.nlm.nih.gov/pubmed/25169509
https://www.ncbi.nlm.nih.gov/pubmed/25169509
http://europepmc.org/abstract/MED/25234931?fromSearch=singleResult&fromQuery=AUTH:%22Arabzadeh+AA%22
http://europepmc.org/abstract/MED/25234931?fromSearch=singleResult&fromQuery=AUTH:%22Arabzadeh+AA%22
http://europepmc.org/abstract/MED/25234931?fromSearch=singleResult&fromQuery=AUTH:%22Arabzadeh+AA%22
https://www.ncbi.nlm.nih.gov/pubmed/22079596
https://www.ncbi.nlm.nih.gov/pubmed/22079596
https://www.ncbi.nlm.nih.gov/pubmed/22079596
https://www.ncbi.nlm.nih.gov/pubmed/22079596
https://www.ncbi.nlm.nih.gov/pubmed/22738913
https://www.ncbi.nlm.nih.gov/pubmed/22738913
https://www.ncbi.nlm.nih.gov/pubmed/22738913
https://www.ncbi.nlm.nih.gov/pubmed/22738913
https://www.ncbi.nlm.nih.gov/pubmed/19318584
https://www.ncbi.nlm.nih.gov/pubmed/19318584
https://www.ncbi.nlm.nih.gov/pubmed/19318584
https://www.ncbi.nlm.nih.gov/pubmed/19318584
https://www.ncbi.nlm.nih.gov/pubmed/17114339
https://www.ncbi.nlm.nih.gov/pubmed/17114339
https://www.ncbi.nlm.nih.gov/pubmed/17114339
https://www.ncbi.nlm.nih.gov/pubmed/15150130
https://www.ncbi.nlm.nih.gov/pubmed/15150130
https://www.ncbi.nlm.nih.gov/pubmed/15150130
https://www.ncbi.nlm.nih.gov/pubmed/23583560
https://www.ncbi.nlm.nih.gov/pubmed/23583560
https://www.ncbi.nlm.nih.gov/pubmed/23583560
https://www.ncbi.nlm.nih.gov/pubmed/23583560
http://clincancerres.aacrjournals.org/content/17/11/3760
http://clincancerres.aacrjournals.org/content/17/11/3760
http://clincancerres.aacrjournals.org/content/17/11/3760
http://clincancerres.aacrjournals.org/content/17/11/3760
https://www.ncbi.nlm.nih.gov/pubmed/19782152
https://www.ncbi.nlm.nih.gov/pubmed/19782152
https://www.ncbi.nlm.nih.gov/pubmed/19782152
https://www.ncbi.nlm.nih.gov/pubmed/19782152
https://www.ncbi.nlm.nih.gov/pubmed/19186181
https://www.ncbi.nlm.nih.gov/pubmed/19186181
https://www.ncbi.nlm.nih.gov/pubmed/19186181
https://www.ncbi.nlm.nih.gov/pubmed/19186181

	Title
	Abstract
	Introduction
	Patients and Methods
	Study participants
	RNA extraction
	Complementary DNA syntheses and Real-time PCR quantification
	Statistical analysis

	Result
	Discussion
	Conclusion
	Acknowledgement
	References

