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Abstract
Background: Cancer is one of the major causes of death worldwide and the third leading 
cause of death in Iran. One of the proteins that are considered having anticancer effects is the 
adiponectin hormone. Adiponectin leads to programmed cell death, prevents cell growth and 
proliferation, and increases the expression levels of BCL2. Aim: The aim of this study was to 
assay the expression of adiponectin receptors (AdipoR1 and AdipoR2) genes in gastric cancer 
patients. Materials and Methods: In this case-control study, 42 gastric cancer patients and 
52 volunteers as healthy controls were enrolled. Total RNA was extracted. cDNA was synthe-
sized by the reverse transcription method, and expression analysis was performed by real-
time PCR. The serum level of adiponectin was also measured by ELISA. Results: The expression 
of both AdipoR1 and AdipoR2 was significantly higher than the control group (p = 0.02). Serum 
adiponectin was significantly lower in gastric cancer cases when compared with normal con-
trols (p = 0.03). Conclusion: We found that expression level of AdipoR1 and AdipoR2 is strong-
ly higher; however, the level of circulating adiponectin is lower in gastric cancer. Our study 
suggests that the expression of AdipoR1 and AdipoR2, besides the low level of adiponectin, 
may play an important role in the development and/or progression of gastric cancer.
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Introduction

Gastric cancer (GC) is the fourth most common cancer in humans and is the second leading 
cause of death due to all forms of cancer worldwide [1]. Incidence of GC in Western countries has 
been increased since the 1940s and still remains as an important health issue [2]. It has been also 
reported that GC is rising dramatically in Iran with the highest incidence in Ardabil Province [3].

One of the proteins that are considered having anticancer effects is adiponectin. The 
receptors associated with adiponectin cause activation of caspases that can lead to programmed 
cell death and prevent the growth and proliferation of cells [4–6]. Adiponectin also increases the 
expression levels of BCL2 (a protein involved in apoptosis) [7, 8]. Polymorphisms in adiponectin 
receptors and their lower expression correlate with insulin resistance [5, 6, 9]. In vitro studies 
have demonstrated that adiponectin is associated with the growth inhibition and apoptosis 
induction in cancer cell lines [9]. In vivo studies in mice have shown that the development of 
intestinal tumors is associated with disruptions in serum adiponectin [10]. Adiponectin receptor 
1 (AdipoR1) gene is located on the large arm of chromosome 1 (1q32.1) [11], and adiponectin 
receptor 2 (AdipoR2) gene is located on chromosome 12 (12p13.31), also contains 8 exons [6].

This study was designed with the aim to evaluate the role of expression of adiponectin 
receptors (AdipoR1 and AdipoR2) genes in patients with GC. According to the increasing rate 
of GC in Iran, considering the gene expression of receptors for anticancer proteins is an inev-
itable issue through improving the prognosis of patients.

Materials and Methods

Study Population
The study included 42 patients with GC who visited GMC Hospital, Guwahati, India, and 52 healthy 

volunteers without any signs of digestion problem. Informed consent was obtained from all individuals. The 
study protocol was approved by the ethics committee of Gauhati University (No. GUEC-03/2015).

Two milliliters of peripheral blood was collected in EDTA vials for whole blood conservation, and 3 mL 
was collected in serum clot activator vials for serum separation (red vials). Samples were immediately trans-
ferred to Biomedical Laboratory, Gauhati University, and stored at 4°C. Immediately after blood collection, 
serums were isolated at 3,000-rpm speed and kept in 2-mL Eppendorf Tubes stored at −20°C.

RT-PCR and Real-Time PCR Analysis
Total RNA was extracted by using an RNA extraction mini kit (Qiagen). The RNA was dissolved in 50-μL 

RNase-free water. The concentration of RNA was determined at 260 nm with a NanoDrop spectropho-
tometer. The cDNA (complementary) was synthesized from the total RNA (100 ng) by using the cDNA Kit 
(Thermo Fisher Scientific). The cDNA was then used as a template.

Real-time quantitative PCR was performed. The set of primers for AdipoR1 and AdipoR2 designed by 
NCBI information is as follows:

AdipoR1:
	• 	Forward: 5′-TCTCGGACTTTTTCCAAACT-3′
	• Reverse: 5′-GTCCCAGGAACACGCCTGCT-3′ 

AdipoR2:
	• 	Forward: 5′-TGGAAGAATTTGTTTGTAAGGTATG-3′
	• Reverse: 5′-ACAGGAAGAATACACAACCTAAGAG-3′ 

To control the variation for DNA available through PCR, AdipoR1 and AdipoR2 gene expression was 
normalized in relation to the expression of a housekeeping gene (the human β-actin). The PCR conditions 
were set as follows: 95°C for 10 min, followed by 38 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C for 45 s.

Serum Level of Adiponectin
The total level of human serum adiponectin was measured by using a commercially available ELISA kit 

according to the manufacturer’s instructions (Thermo Fisher Scientific; Fig. 2).
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Statistical Analysis
For statistical analysis, SPSS software version 16 was used, and the significant possibility <0.05 was 

considered. BMI was calculated as weight (kg) divided by height squared (m2). For the determination of relative 
levels of AdipoR1 and AdipoR2 gene expression, the Pfaffl method of relative quantification, based on the 
comparison of the threshold cycle of a constitutive gene (mRNA of ACTB) with the test gene of each sample in 
duplicate, was carried out. The fold of AdipoR1 and AdipoR2 was normalized with regard to the reference genes 
expressed constitutively and was then compared with the nontreated controls as follows: 2−ΔΔCT, where  
ΔΔCT = (CT-target − CT-reference) treated sample − (CT-target − CT-reference) calibrating sample. “Calibrating 
sample” refers to the level of expression (1×) of the target gene normalized for the constitutive gene.

Result

The clinical characteristics of GC and control participants of the present study are summa-
rized in Table 1. The mean age of GC patients was 45.1 ± 7 years, and the mean BMI was 34.2 
± 7 kg/m2. The mean age of the control group was 35 ± 5 years, and the mean BMI was 29.0 
± 4.5 kg/m2. The GC group consisted of 32 male and 10 female patients (M/F ratio: 3.2), while 
the control group consisted of 30 males and 22 females (M/F ratio: 1.4).

Expression of AdipoR1 and AdipoR2 in GC
To identify how expression of AdipoRs is altered in patients with GC, a real-time PCR 

analysis was performed by using cDNA made of total RNA extracted from human peripheral 
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Fig. 1. Real-time quantitative PCR 
analyses of AdipoR1 (a) and Adi-
poR2 (b) in GC patients. AdipoR1 
expression levels in GC cases 
were higher than those in the con-
trol group. Expression levels were 
normalized to the housekeeping 
gene (β-actin). GC, gastric cancer.

Table 1. Clinical characteristics of patients with GC and healthy control subjects

Variants GC patients (n = 42) Control (n = 52)

Gender, n (%)
Male 32 (76) 30 (58)
Female 10 (24) 22 (42)

Age, years
Mean ± SD 45.1±7 35±5

BMI, kg/m2

Mean ± SD 34.2±7.0 29.0±4.5
FBS, mmol/L

Mean ± SD 9.8±4.1 6.5±2.0
Stage of tumor, n (%)

Stage II 23 (55) –
Stage III 19 (45) –

None of the patients had any prior history of alcohol consumption. GC, gastric cancer; n, number; BMI, 
body mass index; FBS, fasting blood sugar.
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blood samples. Expression of AdipoR1 was significantly higher among GC groups (p = 0.02) 
(Fig. 1a) although expression of AdipoR2 was significant in patients with GC (Fig. 1b).

Serum Adiponectin Level in GC Patients
The serum adiponectin levels were measured in 42 GC patients and 52 control subjects. 

In the GC patients, mean serum levels of adiponectin were significantly lower compared with 
the healthy control subjects (total adiponectin 4.4 ± 3.2 vs. 6.6 ± 3.7 μg/mL) (Table 2; Fig. 2).

The mean serum levels of adiponectin were significantly lower in male subjects with 
GC compared with the male healthy control subjects (total adiponectin 4.3 vs. 5.5 µg/mL). 
In addition, the mean serum levels of adiponectin were significantly lower in female 
subjects with GC compared with the control healthy subjects (total adiponectin 5.3 vs.  
7.1 μg/mL).

Discussion

Adiponectin, which is also referred to as gelatin-binding protein 28 (GBP28) [12], AdipoQ 
[13], ACP30 (Acrp30) [14], or gene product of the adipose which is the most abundant gene 
transcript-1 (apM1) [15], is secreted predominantly by white adipose tissue. The recent 
studies reported that adiponectin may play a role in gastric [16] and renal [17] cancers, and 
also in leukemia [18, 19]. Plasma adiponectin concentrations have been found to be lower in 
patients with GC than in healthy control subjects and to be inversely correlated with tumor 

Table 2. Difference in serum adiponectin concentration between patients with GC and the control group

GC patients
(n = 209)

Control
(n = 211)

p value*

Adiponectin level, μg/mL, mean ± SD 4.4±3.2 6.6±3.7 0.03

Data are expressed as mean ± SD. * T test: p value is significant at 0.05 levels.
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size, depth of invasion, and tumor stage [16]. The present study provides evidence of lower 
adiponectin circulating levels in GC cases. Adiponectin has well-documented insulin-sensi-
tizing effects [8, 20, 21], which may in part explain the reduction in cancer risk associated 
with higher circulating levels of this adipokine. However, still the role of adiponectin in cancer 
is not fully understood. However, adiponectin may provide indirect protection against carci-
nogenesis by affecting inflammatory states. The expression of adiponectin receptors is nega-
tively regulated by insulin through activation of phosphoinositide 3-kinase and inactivation 
of FOXO1 [22]. Thus, the expression of AdipoR1/R2 is inversely correlated with plasma insulin 
concentrations in vivo under physiologic (i.e., increase with fasting and decrease with feeding) 
and pathologic conditions [22]. Moreover, the expression of adiponectin receptors in GC cell 
lines has already been reported [23].

In this study, we found adiponectin circulating levels are lower in patients with GC and 
adiponectin receptors AdipoR1 and AdipoR2 are highly expressed in GC; thus, the expression 
of adiponectin receptors was significantly higher in GC. These data indicate the potential for 
adiponectin receptors to be involved in GC and their potential utility in the diagnosis and/or 
therapy for this carcinoma.

AdipoR1 and AdipoR2 are present approximately in 1% of T cells, 93% of monocytes, 47% 
of B cells, and 21% of NK cells [24]. AdipoR2 mRNA expression and plasma concentration of 
adiponectin are decreased in patients with obesity, type 2 diabetes, and coronary heart 
disease [25–27].

In our study, we found that the adiponectin plasma level is lower in GC cases compared 
with the healthy control group (p = 0.03). The expression of AdipoR1 receptor was signifi-
cantly higher among the GC cases compared with the healthy control group (p = 0.03), and 
the expression of AdipoR2 was significantly high in GC (p = 0.04). These data suggest the 
role of adiponectin in GC and confirm a remarkable association between reduced level of 
adiponectin production in adipose tissue with GC and insulin resistance [28]. Relation 
between high expressions of AdipoR1 and AdipoR2 versus low level of adiponectin needs 
to be investigated. Adiponectin has also been found to inhibit prostate cancer cell growth 
[29]. More recently, adiponectin, acting through its specific membrane receptors AdipoR1 
and AdipoR2, was shown to inhibit the growth and peritoneal metastasis of GC in vivo [16]. 
Adiponectin has anti-inflammatory effects and also plays a role in suppressing neovascu-
larization, which is required for tumor proliferation [30]. It remains uncertain whether 
adiponectin may act directly on the tumor cells to inhibit proliferation and/or induce 
apoptosis.

Conclusion

Expression of AdipoR1 and AdipoR2 are strongly higher in GC, and level of circulating 
adiponectin is lower. Our study suggests that the expression of AdipoR1 and AdipoR2, besides 
the low level of adiponectin, plays an important role in the development and/or progression 
of GC. These data (AdipoR1 and AdipoR2 high expression) could be a novel anticancer thera-
peutic target in GC. However, further studies are necessary to confirm this potential mech-
anism of adiponectin to act directly on GC.

Acknowledgements

The authors are thankful to AJA Cancer Epidemiology Research and Treatment Center (AJA-CERTC) of 
AJA University of Medical Sciences, Tehran, Iran.



108Gastrointest Tumors 2020;7:103–109

Kordafshari et al.: Adiponectin and Its Receptors in Gastric Cancer

www.karger.com/gat
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000510342

Statement of Ethics

The study protocol was performed in accordance with the ethical guidelines of the 1975 Declaration of 
Helsinki. This study was approved by the ethics committee of Gauhati University (No. GUEC-03/2015). Also, 
written informed consent was obtained from the patients for publication of this study.

Conflict of Interest Statement

The authors declare no conflicts of interest.

Funding Sources

This study does not have funding sources.

Author Contributions

Morteza Kordafshari and Narjes Mehrvar: writing the manuscript draft; Mahyar Nourian and Aida 
Etemadi: data analysis and editing; Shahrokh Iravani: primary investigator in collaboration with Azim 
Mehrvar; Ali Reza Khoshde and Hasan Jalaeikhoo: critical reviewing and editing; Mohammad Ghaznavi Idris: 
performing the experimental tasks.

References

 1	 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J Clin. 2011; 61(2): 

69–90.
 2	 Kamangar F, Dores GM, Anderson WF. Patterns of cancer incidence, mortality, and prevalence across five 

continents:  defining priorities to reduce cancer disparities in different geographic regions of the world. J Clin 
Oncol. 2006; 24(14): 2137–50.

 3	 Abdi E, Latifi-Navid S, Zahri S, Yazdanbod A, Safaralizadeh R. Helicobacter pylori genotypes determine risk of 
non-cardia gastric cancer and intestinal- or diffuse-type GC in Ardabil:  a very high-risk area in Northwestern 
Iran. Microb Pathog. 2017; 107: 287–92.

 4	 Radmard AR. Five common cancers in Iran. Archives Iranian Med. 2010; 13(2): 143.
 5	 Soccio T, Zhang YY, Bacci S, Mlynarski W, Placha G, Raggio G, et al. Common haplotypes at the adiponectin 

receptor 1 (ADIPOR1) locus are associated with increased risk of coronary artery disease in type 2 diabetes. 
Diabetes. 2006; 55(10): 2763–70.

 6	 Potapov VA, Chistiakov DA, Dubinina A, Shamkhalova MS, Shestakova MV, Nosikov VV. Adiponectin and adipo-
nectin receptor gene variants in relation to type 2 diabetes and insulin resistance-related phenotypes. Rev 
Diabet Stud. 2008; 5(1): 28–37.

 7	 Bråkenhielm E, Veitonmäki N, Cao R, Kihara S, Matsuzawa Y, Zhivotovsky B, et al. Adiponectin-induced anti-
angiogenesis and antitumor activity involve caspase-mediated endothelial cell apoptosis. Proc Natl Acad Sci 
U S A. 2004; 101(8): 2476–81.

 8	 Yokota T, Oritani K, Takahashi I, Ishikawa J, Matsuyama A, Ouchi N, et al. Adiponectin, a new member of the 
family of soluble defense collagens, negatively regulates the growth of myelomonocytic progenitors and the 
functions of macrophages. Blood. 2000; 96(5): 1723–32.

 9	 Kaklamani VG, Sadim M, Hsi A, Offit K, Oddoux C, Ostrer H, et al. Variants of the adiponectin and adiponectin 
receptor 1 genes and breast cancer risk. Cancer Res. 2008; 68(9): 3178–84.

10	 Mutoh M, Teraoka N, Takasu S, Takahashi M, Onuma K, Yamamoto M, et al. Loss of adiponectin promotes intes-
tinal carcinogenesis in Min and wild-type mice. Gastroenterology. 2011; 140(7): 2000–8.e2.

11	 Tang YT, Hu T, Arterburn M, Boyle B, Bright JM, Emtage PC, et al. PAQR proteins:  a novel membrane receptor 
family defined by an ancient 7-transmembrane pass motif. J Mol Evol. 2005; 61(3): 372–80.

12	 Nakano Y, Tobe T, Choi-Miura NH, Mazda T, Tomita M. Isolation and characterization of GBP28, a novel gelatin-
binding protein purified from human plasma. J Biochem. 1996; 120(4): 803–12.

13	 Hu E, Liang P, Spiegelman BM. AdipoQ is a novel adipose-specific gene dysregulated in obesity. J Biol Chem. 
1996; 271(18): 10697–703.

14	 Scherer PE, Williams S, Fogliano M, Baldini G, Lodish HF. A novel serum protein similar to C1q, produced exclu-
sively in adipocytes. J Biol Chem. 1995; 270(45): 26746–9.

https://www.karger.com/Article/FullText/510342?ref=1#ref1
https://www.karger.com/Article/FullText/510342?ref=2#ref2
https://www.karger.com/Article/FullText/510342?ref=2#ref2
https://www.karger.com/Article/FullText/510342?ref=3#ref3
https://www.karger.com/Article/FullText/510342?ref=4#ref4
https://www.karger.com/Article/FullText/510342?ref=5#ref5
https://www.karger.com/Article/FullText/510342?ref=6#ref6
https://www.karger.com/Article/FullText/510342?ref=6#ref6
https://www.karger.com/Article/FullText/510342?ref=7#ref7
https://www.karger.com/Article/FullText/510342?ref=7#ref7
https://www.karger.com/Article/FullText/510342?ref=8#ref8
https://www.karger.com/Article/FullText/510342?ref=9#ref9
https://www.karger.com/Article/FullText/510342?ref=10#ref10
https://www.karger.com/Article/FullText/510342?ref=11#ref11
https://www.karger.com/Article/FullText/510342?ref=12#ref12
https://www.karger.com/Article/FullText/510342?ref=13#ref13
https://www.karger.com/Article/FullText/510342?ref=14#ref14


109Gastrointest Tumors 2020;7:103–109

Kordafshari et al.: Adiponectin and Its Receptors in Gastric Cancer

www.karger.com/gat
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000510342

15	 Maeda K, Okubo K, Shimomura I, Funahashi T, Matsuzawa Y, Matsubara K. cDNA cloning and expression of a 
novel adipose specific collagen-like factor, apM1 (AdiPose Most abundant Gene transcript 1). Biochem Biophys 
Res Commun. 1996; 221(2): 286–9.

16	 Ishikawa M, Kitayama J, Kazama S, Hiramatsu T, Hatano K, Nagawa H. Plasma adiponectin and gastric cancer. 
Clin Cancer Res. 2005; 11(2 Pt 1): 466–72.

17	 Spyridopoulos TN, Petridou ET, Skalkidou A, Dessypris N, Chrousos GP, Mantzoros CS. Low adiponectin levels 
are associated with renal cell carcinoma:  a case-control study. Int J Cancer. 2007; 120(7): 1573–8.

18	 Avcu F, Ural AU, Yilmaz MI, Bingol N, Nevruz O, Caglar K. Association of plasma adiponectin concentrations 
with chronic lymphocytic leukemia and myeloproliferative diseases. Int J Hematol. 2006; 83(3): 254–8.

19	 Petridou E, Mantzoros CS, Dessypris N, Dikalioti SK, Trichopoulos D. Adiponectin in relation to childhood 
myeloblastic leukaemia. Br J Cancer. 2006; 94(1): 156–60.

20	 Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y, et al. Novel modulator for endothelial adhesion 
molecules:  adipocyte-derived plasma protein adiponectin. Circulation. 1999; 100(25): 2473–6.

21	 Gavrila A, Chan JL, Yiannakouris N, Kontogianni M, Miller LC, Orlova C, et al. Serum adiponectin levels are 
inversely associated with overall and central fat distribution but are not directly regulated by acute fasting or 
leptin administration in humans:  cross-sectional and interventional studies. J Clin Endocrinol Metab. 2003; 

88(10): 4823–31.
22	 Tsuchida A, Yamauchi T, Ito Y, Hada Y, Maki T, Takekawa S, et al. Insulin/Foxo1 pathway regulates expression 

levels of adiponectin receptors and adiponectin sensitivity. J Biol Chem. 2004; 279(29): 30817–22.
23	 Ishikawa M, Kitayama J, Yamauchi T, Kadowaki T, Maki T, Miyato H, et al. Adiponectin inhibits the growth and 

peritoneal metastasis of gastric cancer through its specific membrane receptors AdipoR1 and AdipoR2. Cancer 
Sci. 2007; 98(7): 1120–7.

24	 Pang TT, Narendran P. The distribution of adiponectin receptors on human peripheral blood mononuclear 
cells. Ann N Y Acad Sci. 2008; 1150(1): 143–5.

25	 Matsuda M, Shimomura I. Roles of oxidative stress, adiponectin, and nuclear hormone receptors in obesity-
associated insulin resistance and cardiovascular risk. Horm Mol Biol Clin Investig. 2014; 19(2): 75–88.

26	 Aly FA, Alghadir AH, Gabr SA. Adiponectin response to supervised aerobic training in type II diabetic patients. 
Asian Biomed. 2014; 8(5): 597–602.

27	 Hotta K, Funahashi T, Bodkin NL, Ortmeyer HK, Arita Y, Hansen BC, et al. Circulating concentrations of the 
adipocyte protein adiponectin are decreased in parallel with reduced insulin sensitivity during the progression 
to type 2 diabetes in rhesus monkeys. Diabetes. 2001; 50(5): 1126–33.

28	 Louthan MV, Barve S, McClain CJ, Joshi-Barve S. Decreased serum adiponectin:  an early event in pediatric 
nonalcoholic fatty liver disease. J Pediatr. 2005; 147(6): 835–8.

29	 Bub JD, Miyazaki T, Iwamoto Y. Adiponectin as a growth inhibitor in prostate cancer cells. Biochem Biophys 
Res Commun. 2006; 340(4): 1158–66.

30	 Barb D, Pazaitou-Panayiotou K, Mantzoros CS. Adiponectin:  a link between obesity and cancer. Expert Opin 
Investig Drugs. 2006; 15(8): 917–31.

https://www.karger.com/Article/FullText/510342?ref=15#ref15
https://www.karger.com/Article/FullText/510342?ref=15#ref15
https://www.karger.com/Article/FullText/510342?ref=16#ref16
https://www.karger.com/Article/FullText/510342?ref=17#ref17
https://www.karger.com/Article/FullText/510342?ref=18#ref18
https://www.karger.com/Article/FullText/510342?ref=19#ref19
https://www.karger.com/Article/FullText/510342?ref=20#ref20
https://www.karger.com/Article/FullText/510342?ref=21#ref21
https://www.karger.com/Article/FullText/510342?ref=22#ref22
https://www.karger.com/Article/FullText/510342?ref=23#ref23
https://www.karger.com/Article/FullText/510342?ref=23#ref23
https://www.karger.com/Article/FullText/510342?ref=24#ref24
https://www.karger.com/Article/FullText/510342?ref=25#ref25
https://www.karger.com/Article/FullText/510342?ref=26#ref26
https://www.karger.com/Article/FullText/510342?ref=27#ref27
https://www.karger.com/Article/FullText/510342?ref=28#ref28
https://www.karger.com/Article/FullText/510342?ref=29#ref29
https://www.karger.com/Article/FullText/510342?ref=29#ref29
https://www.karger.com/Article/FullText/510342?ref=30#ref30
https://www.karger.com/Article/FullText/510342?ref=30#ref30

	startTableBody
	startTableBody

