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Association analysis of genetic variants of adiponectin
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Abstract: Adiponectin is a cytokine exclusively secreted from adipocyte, and could perform direct or indirect effects
on anti-inflammation and anti-tumor. Previous researches have studied the correlation between plasma adiponec-
tin levels and the risk of pancreatic cancer. So we aimed at investigating the association of genetic variants of
adiponectin gene and the risk of pancreatic cancer. In this study, we genotyped 6 SNPs of adiponectin gene in a
case-control study of recruited 172 patients of pancreatic cancer and 181 healthy people in Chinese Han popula-
tion. The results indicated that two of the SNPs had significant associations with pancreatic cancer. Of which, the
SNP rs1501299C>A decreased the risk of PC (P=0.016, OR=0.662 95% CI 0.472-0.928), while rs1065358T>C
increased the risk of PC (P=0.027, OR=1.421 95% CI 1.040-1.941). Furthermore, in the clinical correlation analysis,
we found rs1501299 was correlated with tumor size (P=0.026), cigarette smoking (P=0.022) and alcohol consump-
tion (P=0.001) and rs1063538 was correlated with alcohol consumption (P=0.026). In conclusion, we provided
evidences that the variants in adiponectin gene might influence the development and progression of pancreatic

cancer.
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Introduction

Pancreatic cancer (PC) leads the sixth cause of
cancer related death in China, since it has the
poorest prognosis among the solid malignant
cancers [1, 2]. The 5-year overall survival rate
of pancreatic cancer patients has been <5%
over the last three decades [3]. Due to the stud-
ies of epidemiological characteristics, approxi-
mate 80% of patients with pancreatic cancer
were diagnosed until advanced or metastasis
stages in which there were extremely limited
treatments toward tumor [4]. So pre-diagnosis
and mechanism study should be taken in the
early stage of pancreatic cancer in case of
irreparable results. In the recent decade, pan-
creatic cancer has been one of the best focused
neoplasms at the genetic level in both mecha-
nism of tumorigenesis and therapy [5].

Adiponectin is a group of cytokine exclusively
secreted from adipose tissue, and the main
functions of adiponectin are Anti-atheroscle-
rosis, anti-inflammation and insulin sensitiza-

tion [6, 7]. Previous researches found that the
expression levels of adiponectin on the circula-
tion were adversely associated with cancers,
such as breast cancer [8, 9], endometrial can-
cer [10], colorectal cancer [11] and gastric can-
cer [12]. However, the results could be contro-
versial in pancreatic cancer proposed by sever-
al researches. Dalamaga [13] and colleagues
found that adiponectin concentration had posi-
tive association with pancreatic cancer risk,
while the opposite conclusion was proposed in
a prospective study by Stolzenberg-Solomon
[14]. But we found the majority of researches
prevailed in the viewpoint that adiponectin had
its protective effects in physiological and patho-
logical conditions.

In addition, in the area of genetic association
study, it has demonstrated the association of
single nucleotide polymorphisms (SNPs) in adi-
ponectin gene which expresses adiponectin
with cancers, including breast cancer [15],
colorectal cancer [16], prostate cancer [17] and
esophageal cancer [18]. However, to our best
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Table 1. The gene type frequency of adiponectin polymorphism in gastric cancer case-control study

HWE MAF

SNP No. rs# alleles position controls cases controls cases P-value OR (95% ClI)

1 182052 G—A 186560782 0.527 0.276 0.484 0.450 0.377 0.871(0.640-1.184)
2 16861205 G—A 186561634 0.801 0.762 0.193 0.146 0.109 0.716(0.475-1.078)
3 822396 A—G 186566877 1.000 0.7143 0.101 0.120 0.431 1.217 (0.746-1.987)
4 1501299 C—A 186571123 0.152 0.682 0.333 0.249 0.016 0.662 (0.472-0.928)
5 1063537 C—T 186574075 0.200 0.025 0.267 0.256 0.739 0.943(0.666-1.335)
6 1063538 T—C 186574183 0.821 0.534 0.396 0.482 0.027 1.421(1.040-1.941)

Table 2. The haplotype distribution in gastric cancer

case-control study

0.033
0.010
0.940
0.036
0.010

Frequency

Controls Cases Haplotype OR (95% Cl) P-value
SNP 4,6 0.393 0.476 CcC 1.209

0.332 0.241 AT 0.955

0.273 0.276 CT 1.163
SNP 4,56 0.396 0.477 CCC 1.207

0.333 0.243 ACT 0.957

0.276 0.254 CTT 1.118

0.688

SNP selection and genotyping

Six SNPs of adiponectin gene were se-
lected according to results from Hap-
loview software. Genotyping of SNPs in
this study was performed by Sequenom
MassARRAY system (Sequenom, San
Diego, California, USA). Locus-specific
PCR and detection were designed using
MassARRAY Design 3.0 software. The
DNA samples were then amplified by

knowledge, the association analysis on SNPs of
ADIPOQ gene and pancreatic cancer is still
lacking. Therefore, we initially did genetic asso-
ciation analysis of adiponectin gene and pan-
creatic cancer in a case-control study of Ch-
inese Han population.

Materials and methods
Study population

Totally 172 patients with pancreatic cancer and
181 cancer-free people were recruited from
Chinese PLA General Hospital between 2009
and 2012. The patients with mean age of
61.61£9.5 (age from 34 to 82), comprised of
134 males and 38 females, had consistent
diagnosis by two pathologists. All the patients
had complete clinical pathological data. We
drew blood samples prior to surgical operation,
chemotherapy or radiotherapy. Unrelated vol-
unteers were comprised of 136 males and 45
females with mean age of 63.1+8.4 (age from
29 to 83). Patients and healthy people were all
Chinese Han popolations. Individuals who par-
ticipated in the study were all given informed
consent, and this study was approved by the
Clinic Research Ethics Committee of Chinese
PLA General Hospital.
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multiplex PCR reaction, and the product
used in the locus-specific single-base
extension reaction. The final products were
desalted and transferred to a 384-element
SpectroCHIP array. Allele detection was per-
formed using MALDI-TOF MS. The mass spec-
trograms were analyzed using the MassARRAY
Typer software (Sequenom).

Statistical analysis

We used a logistic regression model to analyze
the association of the SNPs with the risk of gas-
tric cancer. The Hardy-Weinberg equilibrium for
each SNP was determined according to the
control samples (P>0.01). The association be-
tween variants and gastric cancer risk was ana-
lyzed by calculating the odds ratios (OR) and
95% confidence intervals (95% Cl) of the minor
allele frequency. The statistical software Plink
version 1.07 The P values reported in the study
were based on a two-sided probability test with
a significance level of (http://pngu.mgh.har-
vard.edu/purcell/plink/) and Stata/SE version
10 were used for statistical analyses (StataCorp
LP, College Station, TX, USA).

Results
Genotype and haplotype frequency

We genotyped six SNPs of adiponectin gene all
of which were accord with assumption of Hardy-
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Table 3. The correlation between clinical parameters and adiponectin polymorphisms

tumor size Cigarette smoking alcohol consumption
<2cm 2=2cm P-value OR (95% CI) Yes Never  P-value OR (95% ClI) Yes Never P-value OR (95% ClI)

rs1501299

CcC 29 66  0.026 1 48 46 0.022 1 a7 a7 0.001 1

CA 9 58 0.014 2.832(1.239-6.474) 28 39 0.246 1.453(0.773-2.745) 20 47 0.037 2.230(1.051-4.733)

AA 8 1 0.246 3.515 (0.420-29.409) 8 1 0.059 0.130(0.016-1.084) 8 1 0.126 0.183 (0.021-1.165)
rs1065358

T 7 35 0.616 1 25 17 0.276 1 25 17 0.026 1

TC 20 67 0.410 0.670(0.258-1.737) 39 48 0.120 1.810(0.857-3.821) 31 56 0.170 1.776 (0.782-4.036)

CcC 9 27 0.366 0.600 (0.198-1.817) 19 16 0.644 1.238(0.500-3.066) 18 17 0.415 1.513 (0.559-4.096)
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Weinberg equilibrium (P>0.01), and two of
these SNPs showed significant associations
with pancreatic cancer risk. Of which rs15-
01299C>A decreased the risk of PC (P=0.016,
OR=0.662 95% CI| 0.472-0.928), while rs106-
5358T>C increased the risk of PC (P=0.027,
OR=1.421 95% Cl 1.040-1.941). We did not
find any associations of the other four SNPs
with PC risk (Table 1).

Then we further performed haplotype analysis
using Haploview Software. The six SNPs were
distributed in two blocks. Of which, the SNP
rs182052 and rs16861205 (SNP 1 and 2)
were in a block (LD plot 1), while the SNP
rs1501299, rs1063537 and rs1063538 (SNP
4, 5 and 6) were in another block (LD plot 2).
We found the haplotypes of adiponectin gene
affected susceptibility with PC. The result was
consistent with the results of genotype. We did
not find any association between the SNPs in
LD plot 1 and the risk of pancreatic cancer
(Data not shown). The haplotype CC (P=0.033)
with major allele of rs1501299 and minor allele
of rs1065358 increased the risk of PC, and the
haplotype AT (0.010) with minor allele of rs-
1501299 and major allele of rs1065358 de-
creased the risk of PC. In combination of alleles
of rs1501299 and rs1065358 with major allele
of rs1063537 which the three SNPs were in a
strong LD plot, the result was still constant
(Table 2).

Clinical susceptibility analysis of SNPs in
ADIPOQ gene with pancreatic cancer

We performed the stratified association analy-
sis with regards to the six SNPs in different
clinical datum which we got from the epidemio-
logical survey (including age, gender, TNM st-
age, differentiation, tumor location, tumor size,
diabetes, pancreatitis, cigarette smoking, alco-
hol consumption and family history). The results
were summarized in Table 3 and indicated that
the SNP rs1501299 was significantly correlat-
ed with tumor size (P=0.026), smoking (P=
0.022) and alcohol drinking (P=0.001). Me-
anwhile, the SNP rs1065358 had significant
correlation with alcohol drinking (P=0.026). The
other four SNPs, however, had no correlations
with any clinical parameters (data not shown).

Discussion

In this study, a hospital based genetic associa-
tion analysis of adiponectin gene was per-
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formed with pancreatic cancer in Chinese Han
populations. Although previous researches ha-
ve demonstrated the correlations between
plasma adiponectin levels and pancreatic can-
cer, this could be the initial research on genetic
variants analysis. Our results indicated that the
two SNPs rs1501299C>A and rs1063538T>C
in adiponectin gene played a reverse role in the
risk of pancreatic cancer.

We demonstrated that the SNP rs1501299
with C to A change was significantly associated
with decreased risk of PC, while the SNP
rs1063538 with T to C change had strong asso-
ciation with increased the risk of PC. The result
from haplotype analysis would provide us the
same trend. That is, when the haplotype of
rs1501299 and rs1063538 was CC, it incre-
ased the risk of pancreatic cancer, while the
haplotype of these two SNPs was AT, there was
a decreased risk between the SNPs and pan-
creatic cancer. The SNP rs1063537 which was
alsoin a block with rs1501299 and rs1063538
might have not distinct effects on the pancre-
atic cancer risk.

It has been reported that the rs1063538 was
located in the 3-untranslational region (3’-UTR),
which the change of this variant might influence
adiponectin expression levels and subsequent
biological effects directly [19]. For another,
although the SNP rs1501299 was located in
the intron region of adiponectin gene, it has
been reported previously that rs1501299 vari-
ant was associated with plasma adiponectin
levels [20]. However, there were some contro-
versies about the role of adiponectin on carci-
nogenesis. Bao et al. [21] conducted a prospec-
tive research on five cohorts in American popu-
lations and found the plasma adiponectin con-
centration inversely associated with the risk of
pancreatic cancer. But some case-control stud-
ies proposed by Dalagama and Chang have
drawn the inconsistent conclusion in the rela-
tive small-scale cohorts in retrospective stud-
ies, and found that up-regulation of plasma adi-
ponectin concentration increased the risk of
pancreatic cancer [13, 22]. Furthermore, ano-
ther prospective study proposed by Grote found
that there were no association between plasma
adiponectin concentration and the risk of PC in
smokers, while lateral study reported an inverse
association among never smokers [23]. It was
reported previously that cigarette smoking rep-
resented the only-established environment risk
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factor in development of PC [24]. And cigarette
smoking increased the risk of PC by 1.5 to 5
folds, while the risk would be low in the quit-
smoking cohorts [25]. We inferred that the con-
troversial conclusions might be modified by
environment effects such as smoking, alcohol
consumption or diet [26]. In addition, the plas-
ma adiponectin concentration in retrospective
studies might be influenced by complicated
factors due to severe pathological states of PC
[27, 28]. So we were inclined to approve the
viewpoint of Bao’s research. Appealingly, our
result indicated that the SNP rs1501299 was
correlated to the cigarette smoking.

We also found the SNP rs1501299 had signifi-
cant correlation with tumor size. As we know,
tumor growth depends quite a lot on the forma-
tion of new blood vessels. Adiponectin prefer-
entially influenced the tumor angiogenesis in
pathological states, indicating the adiponectin
might be related to the formation rate of new
blood vessels [29]. White [30] and colleagues
found the rapid tumor growth inversely corre-
lated with plasma adiponectin concentration in
animal models. Saxena [31] and colleagues
demonstrated that adiponectin expression lev-
els were inversely correlated with tumor size of
hepatocellular cancer in a tissue microarray
study. Meanwhile, similar result was found by
research of Jeong and colleagues in the study
of breast cancer [32]. We might infer that the
SNP rs1501299 would function in the develop-
ment of pancreatic cancers.

Furthermore, we observed both of SNPs in
ADIPOG gene, rs1501299 and rs1063538,
were significantly correlated with alcohol con-
sumption. Alcohol has been not admitted as an
independent risk factor of pancreatic cancer,
although the risk of chronic pancreatitis was
undoubtedly increased and commonly caused
by alcohol consumption [33]. Wed infer that in
the pathogenesis of pancreatic cancers, alco-
hol might promote other environmental effects
which could play a part in development of PC,
such as smoking [34].

Limitation of our research should be taken into
account. Our research was restricted in the
genetic variants analysis in a relatively small-
scale Chinese Han population, so further vali-
dation in large-scale panels of patients and
distinct population samples should be taken to
enhance the credibility of results.
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In conclusion, we initially investigated the asso-
ciations between six SNPs in adiponectin gene
and pancreatic cancer risk, and two SNPs were
significantly associated with the risk of pancre-
atic cancer. Of which, the SNP rs1501299
decreased the risk of PC, while the SNP
rs1063538 increased the risk of PC. Our study
might provide a novel insight into understand-
ing of genetic based development of pancreatic
cancer. However, further functional analysis of
ADIPOQ gene would be conducted to discuss
the mechanisms of adiponectin in development
of pancreatic cancer.

Acknowledgements

This study was granted by the major project of
Henan province (No. 142102310054 and No.
112102310194).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Shen-Lei Li or Kui-
Sheng Chen, Department of Pathology, The First
Affiliated Hospital of Zhengzhou University, 1# Jian
She Donglu, Zhengzhou 450052, China. E-mail: li-
shenglzz@yeah.net (SLL); chenkszz@yeah.net (KSC)

References

[1] Yilmaz A, Malya F, Ozturk G, Citgez B, Ozden-
kaya Y, Ersavas C, Agan A, Senturk H, Karatepe
0. Effect of pre-operative red blood cell distri-
bution on cancer stage and morbidity rate in
patients with pancreatic cancer. Int J Clin Exp
Med 2014; 7: 3072-3075.

[2] Chen W, Zheng R, Zhang S, Zhao P, Li G, Wu L,
He J. Report of incidence and mortality in Ch-
ina cancer registries, 2009. Chin J Cancer Res
2013; 25: 10-21.

[3] Dobrila-Dintinjana R, Vanis N, Dintinjana M,
Radic M. Etiology and oncogenesis of pancre-
atic carcinoma. Coll Antropol 2012; 36: 1063-
1067.

[4] el-Kamar FG, Grossbard ML, Kozuch PS. Meta-
static pancreatic cancer: emerging strategies
in chemotherapy and palliative care. Oncologist
2003; 8: 18-34.

[5] Sohn TA. The molecular genetics of pancreatic
ductal carcinoma. Minerva Chir 2002; 57: 561-
574.

[6] BarresiV, Grosso M, Giuffre G, Tuccari G, Bar-
resi G. The expression of adiponectin recep-
tors Adipo-R1 and Adipo-R2 is associated with
an intestinal histotype and longer survival in
gastric carcinoma. J Clin Pathol 2009; 62:
705-709.

Int J Clin Exp Med 2015;8(5):8094-8100


mailto:lishenglzz@yeah.net
mailto:lishenglzz@yeah.net

[10]

[11]

(12]

[13]

(14]

[15]

(16]

(17]

Adiponectin gene variants in pancreatic cancer

Tilg H, Moschen AR. Adipocytokines: mediators
linking adipose tissue, inflammation and im-
munity. Nat Rev Immunol 2006; 6: 772-783.
Macis D, Gandini S, Guerrieri-Gonzaga A, Joh-
ansson H, Magni P, Ruscica M, Lazzeroni M,
Serrano D, Cazzaniga M, Mora S, Feroce |,
Pizzamiglio M, Sandri MT, Gulisano M, Bonanni
B, Decensi A. Prognostic effect of circulating
adiponectin in a randomized 2 x 2 trial of low-
dose tamoxifen and fenretinide in premeno-
pausal women at risk for breast cancer. J Clin
Oncol 2012; 30: 151-157.

Guan G, Zhang D, Zheng Y, Wen L, Yu D, Lu Y,
Zhao Y. microRNA-423-3p promotes tumor
progression via modulation of AdipoR2 in la-
ryngeal carcinoma. Int J Clin Exp Med 2014; 7:
5683-5691.

Soliman PT, Cui X, Zhang Q, Hankinson SE, Lu
KH. Circulating adiponectin levels and risk of
endometrial cancer: the prospective Nurses'
Health Study. Am J Obstet Gynecol 2011; 204:
167.e1-e5.

Chen MW, Ye S, Zhao LL, Wang SY, Li YX, Yu CJ,
Xie HJ, Wang YM. Association of plasma total
and high-molecular-weight adiponectin with
risk of colorectal cancer: an observational st-
udy in Chinese male. Med Oncol 2012; 29:
3129-3135.

Ishikawa M, Kitayama J, Kazama S, Hiramatsu
K, Nagawa H. Plasma adiponectin and gastric
cancer. Clin Cancer Res 2005; 11: 466-472.
Dalamaga M, Migdalis I, Fargnoli JL, Papadavid
E, Bloom E, Mitsiades N, Karmaniolas K,
Pelecanos N, Tseleni-Balafouta S, Dionyssiou-
Asteriou A, Mantzoros CS. Pancreatic cancer
expresses adiponectin receptors and is associ-
ated with hypoleptinemia and hyperadiponec-
tinemia: a case-control study. Cancer Causes
Control 2009; 20: 625-633.
Stolzenberg-Solomon RZ, Weinstein S, Pollak
M, Tao Y, Taylor PR, Virtamo J, Albanes D. Pre-
diagnostic adiponectin concentrations and
pancreatic cancer risk in male smokers. Am J
Epidemiol 2008; 168: 1047-1055.

Kaklamani VG, Sadim M, Hsi A, Offit K, Oddoux
C, Ostrer H, Ahsan H, Pasche B, Mantzoros C.
Variants of the adiponectin and adiponectin
receptor 1 genes and breast cancer risk. Ca-
ncer Res 2008; 68: 3178-3184.

Liu L, Zhong R, Wei S, Yin JY, Xiang H, Zou L,
Chen W, Chen JG, Zheng XW, Huang LJ, Zhu
BB, Chen Q, Duan SY, Rui R, Yang BF, Sun JW,
Xie DS, Xu YH, Miao XP, Nie SF. Interactions be-
tween genetic variants in the adiponectin, adi-
ponectin receptor 1 and environmental factors
on the risk of colorectal cancer. PLoS One
2011; 6: e27301.

Dhillon PK, Penney KL, Schumacher F, Rider
JR, Sesso HD, Pollak M, Fiorentino M, Finn S,

8099

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Loda M, Rifai N, Mucci LA, Giovannucci E,
Stampfer MJ, Ma J. Common polymorphisms in
the adiponectin and its receptor genes, adipo-
nectin levels and the risk of prostate cancer.
Cancer Epidemiol Biomarkers Prev 2011; 20:
2618-2627.

Sun MZ, Ju HX, Zhou ZW, Jin H, Zhu R. Single
nucleotide polymorphisms of DNA mismatch
repair genes MSH2 and MLH1 confer suscepti-
bility to esophageal cancer. Int J Clin Exp Med
2014; 7: 2329-2333.

de Moor CH, Meijer H, Lissenden S. Mecha-
nisms of translational control by the 3’ UTR in
development and differentiation. Semin Cell
Dev Biol 2005; 16 :49-58.

Menzaghi C, Ercolino T, Di Paola R, Berg AH,
Warram JH, Scherer PE, Trischitta V, Doria A. A
haplotype at the adiponectin locus is associ-
ated with obesity and other features of the in-
sulin resistance syndrome. Diabetes 2002;
51: 2306-2312.

Bao Y, Giovannucci EL, Kraft P, Stampfer MJ,
Oqino S, Buring JE, Sesso HD, Lee IM, Gaziano
JM, Rifai N, Pollak MN, Cochrane BB. A pro-
spective study of plasma adiponectin and pan-
creatic cancer risk in five US cohorts. J Natl
Cancer Inst 2013; 105: 95-103.

Chang MC, Chang YT, Su TC, Yang WS, Chen
CL, Tien YW, Liang PC, Wei SC, Wong JM. Adi-
ponectin as a potential differential marker to
distinguish pancreatic cancer and chronic pan-
creatitis. Pancreas 2007; 35: 16-21.

Grote VA, Rohrmann S, Dossus L, Nieters A,
Halkjaer J, Tjonneland A, Overvad K, Stegger J.
The association of circulating adiponectin lev-
els with pancreatic cancer risk: a study within
the prospective EPIC cohort. Int J Cancer
2012; 130: 2428-2437.

Fuchs CS, Colditz GA, Stampfer MJ, Giovannucci
EL, Hunter DJ, Rimm EB, Willett WC, Speizer
FE. A prospective study of cigarette smoking
and the risk of pancreatic cancer. Arch Intern
Med 1996; 156: 2255-2260.

Thomas DB, Karagas MR. Cancer in first and
second generation Americans. Cancer Res
1987; 47: 5771-5776.

Kalapothaki V, Tzonou A, Hsieh CC, Toupadaki
N, Karakatsani A, Trichopoulos D. Tobacco,
ethanol, coffee, pancreatitis, diabetes melli-
tus, and cholelithiasis as risk factors for pan-
creatic carcinoma. Cancer Causes Control
1993; 4: 375-382.

Bruun JM, Lihn AS, Verdich C, Pedersen SB,
Toubro S, Astrup A, Richelsen B. Regulation of
adiponectin by adipose tissue-derived cyto-
kines: in vivo and in vitro investigations in hu-
mans. Am J Physiol Endocrinol Metab 2003;
285: E527-533.

Wang B, Jenkins JR, Trayhurn P. Expression
and secretion of inflammation-related adipo-

Int J Clin Exp Med 2015;8(5):8094-8100



[29]

[30]

(31]

8100

Adiponectin gene variants in pancreatic cancer

kines by human adipocytes differentiated in
culture: integrated response to TNF-alpha. Am
J Physiol Endocrinol Metab 2005; 288: E731-
740.

Brakenhielm E, Veitonmaki N, Cao R, Kihara S,
Matsuzawa Y, Zhivotovsky B, Funahashi T, Cao
Y. Adiponectin-induced antiangiogenesis and
antitumor activity involve caspase-mediated
endothelial cell apoptosis. Proc Natl Acad Sci U
S A2004; 101: 2476-2481.

White PB, True EM, Ziegler KM, Wang SS,
Swartz-Basile DA, Pitt HA, Zyromski NJ. Insulin,
leptin, and tumoral adipocytes promote mu-
rine pancreatic cancer growth. J Gastrointest
Surg 2010; 14: 1888-1893.

Saxena NK, Fu PP, Nagalingam A, Wang J,
Cohen C, Tighiouart M, Sharma D, Ananja FA.
Adiponectin modulates C-jun N-terminal ki-
nase and mammalian target of rapamycin and
inhibits hepatocellular carcinoma. Gastroen-
terology 2010; 139: 1762-1773, 1773.e1-e5.

(32]

(33]

(34]

Jeong YJ, Bong JG, Park SH, Choi JH, Oh HK.
Expression of leptin, leptin receptor, adiponec-
tin, and adiponectin receptor in ductal carci-
noma in situ and invasive breast cancer. J
Breast Cancer 2011; 14: 96-103.

Pandol SJ, Lugea A, Mareninova OA. Investi-
gating the pathobiology of alcoholic pancreati-
tis. Alcohol Clin Exp Res 2011; 35: 830-837.
Yadav D, Lowenfels AB. The epidemiology of
pancreatitis and pancreatic cancer. Gastro-
enterology 2013; 144: 1252-1261.

Int J Clin Exp Med 2015;8(5):8094-8100



