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Abstract
Introduction: Adiponectin is anti-inflammatory and anti-tumor cytokine secreted exclusively from adipocytes. There
is a growing evidence of association between adiponectin gene polymorphism and development of pancreatic cancer.
The current study aimed at evaluation of the possible association between selected adiponectin gene polymorphism and
the risk of pancreatic cancer. Methods: Prospective case-control study included 77 patients (29 women and 48 men)
with biopsy-proven pancreatic adenocarcinoma and 97 healthy control. Blood samples from all included participants
were genotyped for 3 single nucleotide polymorphism (SNPs) of adiponectin genes (rs1501299C>A, rs266729C>G and
rs2241766G>T) by PCR. Clinical, biochemical, and radiological data analyzed. Results: We demonstrated a significant
association between the three studied SNPs (rs1501299, rs266729, and rs2241766) and increased risk of pancreatic
adenocarcinoma (p<0.001). Furthermore, in clinical correlation analysis, Patients with rs2241766 polymorphism
have a lower frequency of lymph node involvement (p 0.05). Smoking and older age were independent predictors of
pancreatic adenocarcinoma. Conclusion: We provided evidence that variants in adiponectin gene might influence the
development and progression of pancreatic cancer.
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Introduction
Pancreatic adenocarcinoma is considered less common
among other solid organ malignancies, ranked 11th in
both sexes (Ferlay et al., 2015), however, it has more
aggressive and lethal course usually because of late-stage
diagnosis (Jemal et al., 2005). Estimated 5-year survival
rate ranges from 0 to 20% based on tumor stage at the time
of diagnosis, respectability of the tumor and presence or
absence of distant metastasis (Poruk et al., 2012).
Pancreatic cancer carries a diagnostic challenge;
most of the diagnostic markers lack high sensitivity and
specificity accuracy (Divella et al., 2017). Currently
testing the susceptibility genes for pancreatic cancer is
being studied to help early and more accurate diagnosis.
Adiponectin is the most important of a group of
proteins collectively named as adipocytokines derived
from adipose tissues in the body and its concentration in
blood is inversely related to the body mass index (Ukkola
and Santaniemi, 2002). It has a well-established role in

regulating cell growth and inflammatory process also
several disorders associated with insulin resistance (Yang
et al., 2007). Recently its effect on tumor development is
being studied in different types of cancer mainly breast
and colon (An et al., 2012; Erbay et al., 2016), however,
its role in cancer pancreas is still deficient.
Variations in adiponectin levels could be the result
of genetic variations in the adiponectin (ADIPOQ) gene
that is located on chromosome 3q27 thus affects its
activity/expression. A number of SNPs in the ADIPOQ
gene are associated with lower adiponectin expression or
a predisposition to several diseases encoding adiponectin
(Hivert et al., 2008).
The present study genotyped 3 SNPs at ADIPOQ
genes namely rs1501299C>A, rs2241766C>G and
rs266729G>T to evaluate the possible association
these SNPs and the risk of development of pancreatic
adenocarcinoma in Egyptian cohort.
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Materials and Methods
Patients and methods
The present case-control study included 174 subjects:
77 with biopsy-proven pancreatic adenocarcinoma (48
men and 29 women; age, 44-76 years) and 97 gender and
age matched healthy controls. This was a multicenter
study, analyzed patients were hospitalized in Tanta
University Faculty of Medicine and Ahmed Maher
Teaching Hospital between 2012 and 2017. This study
was carried out in accordance with the guidelines of the
declaration of Helsinki and its subsequent amendments.
The study protocol was approved by the ethical committee
of Tanta University Faculty of Medicine. Written informed
consent was obtained from each participant before study
procedure.
Patients were suspected to have pancreatic
adenocarcinoma based on clinical presentation with
abdominal pain, jaundice, or weight loss or based on the
presence of an incidental pancreatic mass on imaging. The
diagnosis of pancreatic adenocarcinoma was confirmed
by fine needle aspiration biopsy through percutaneous
route (under US or CT guidance) or EUS-guided. Tumor
resectability were defined on a continuum from resectable
to unresectable according to the involvement of adjacent
structures and the presence of distant metastases.
All participants completed the full history taking,
clinical examination, and laboratory investigations (AST,
ALT, Alkaline phosphatase, GGT, albumin, bilirubin,
CA19-9) using conventional automated analyzers in
the Biochemistry Laboratory at National Hepatology
&Tropical Medicine Research -. All biochemical analyses
were performed in a ‘‘blinded’’ manner.
DNA Extraction
Genomic DNAwas extracted from EDTA-anticoagulated
peripheral blood leucocytes using QIA amp DNA Blood
Mini Kit supplied by Qiagen GmbH (Hiden, Germany)
(Schur et al., 2001). The DNA concentration was
determined from the absorbance at 260 nm. All samples
had a 260/280 nm absorbance ratio between 1.59 and
1.77 indicating the purity of DNA. The integrity of the
DNA was checked by electrophoresis on 0.8 % agarose
gel stained with ethidium bromide.
Gene polymorphism
We chose to study ADIPOQ gene SNPs; rs1501299,
rs266729, and rs2241766 based on evidence from the
previous studies that found a possible association between
previously mentioned SNPs and cancer due to their impact
on serum adiponectin (divella et al., 2017; Kaklamani et
al., 2008).
Detection of gene polymorphism
DNA from patients was extracted from venous blood
using standard methods. Genotyping of the ADIPOQ
gene SNPs; rs1501299, rs266729, and rs2241766 based
on evidence from the previous rs was performed using
a TaqMan 5′ allelic discrimination assay (Applied
Biosystems). The probes were labeled with the fluorescent
dyes VIC and FAM respectively.
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As the Taq polymerase extends the primer and
synthesizes the nascent strand, the 5’ to 3’ exonuclease
activity of the Taq polymerase degrades the probe that
has annealed to the template. Degradation of the probe
releases the fluorophore from it and breaks the close
proximity to the quencher, thus relieving the quenching
effect and allowing fluorescence of the fluorophore.
Hence, fluorescence detected in the quantitative PCR
thermal cycler is directly proportional to the fluorophore
released and the amount of DNA template present in
the PCR. Genotyping of each sample was automatically
attributed for allelic discrimination.
Statistical analyses
Data were entered, validated, and analyzed using
STATA 14 software. Patients’ demographic and routine
laboratory values data were expressed as number
(percent) for categorical variables and as mean (± SD) for
continuous variables. Comparisons between pancreatic
adenocarcinoma cases and controls were done using
students’ t-test or Mann-Whitney test whenever
appropriate. Chi-square test was used for comparison
of categorical data. Associations between clinical
characteristics, polymorphism, and adenocarcinoma
diagnosis were investigated using chi-square test.
Univariate and multivariate logistic regression models
were constructed to identify baseline predictors of
pancreatic adenocarcinoma. Data were reported as odds
ratios (OR) with 95% Confidence Intervals (95% CI). All
statistical analyses were based on two-sided hypothesis
tests with a significance level of p < 0.05.

Results
Seventy-seven patients with biopsy-proven pancreatic
adenocarcinoma, as well as, 97 normal age and
gender-matched control were evaluated in the current
study. Patients with pancreatic adenocarcinoma were
significantly older than controls (62.47 ± 6.89 vs. 55
± 12.68, p<0.001). There were significantly more ever
smokers and current smokers among cases compared to
the controls (42.86 vs. 19.59%; P<0.01). Positive family
history of pancreatic tumors was significantly higher in
patients with pancreatic tumor in comparisons to controls
(22.08% vs. 3.09%, p <0.001). A total of 42 patients
(54.55%) presented with abdominal pain. Baseline
laboratory data of included participants are depicted in
Table .1.
In patients with pancreatic adenocarcinoma, the tumor
size ranged from 1.8 to 5.5 cm (mean, 3.22 ± 1.0). Local
vascular invasion was found in 22 patients (28.57%).
Lymph nodes and liver metastases were observed in 25
(32.47%) and 36 (46.75%) patients respectively (Table 2).
The genotype distributions of SNPs of adiponectin
gene (ADIPOQ) between patients with pancreatic cancer
and control are summarised in Table 3. There was a
significant association between the three studied SNPs
(rs1501299, rs266729 and rs2241766) and development
of pancreatic adenocarcinoma (p <0.001).
The potential association between the SNPs of
ADIPOQ gene (rs1501299, rs266729, and rs2241766) and
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Table 1. Baseline Demographic and Clinical and Laboratory Data, n=174
Control n=97

Pancreatic cancer n=77

P value

55 ± 12.68

62.47 ± 6.89

<0.001

Age
Mean ± SD
Range

37-80

44-76

Male gender

51 (52.58)

48 (62.34)

0.2

BMI (kg/m )

30.41 ± 9.25

30.19± 11.29

0.88

Rural, n (%)

25 (25.77)

52(67.53)

Urban, n (%)

72(74.23)

25(32.47)

Smoking (yes), n (%)

2

<0.001

19 (19.59)

33 (42.86)

0.001

Abdominal pain (yes), n (%)

2 (2.06)

42(54.55)

<0.001

Fever, (yes), n (%)

2 (2.06)

17(22.08)

<0.001

Positive family history of pancreatic cancer (yes), n (%)

3 (3.09)

17(22.08)

<0.001

AST

42.12 ± 37.73

150.40 ± 58.85

<0.001

ALT

46.53 ±30.83

72.65 ± 53.53

<0.001

77 (57-96)

4550 (356-560)

<0.001

Median GGT (IQR)

40 (30-55)

260 (200-401)

<0.001

Total bilirubin

0.82 ± 0.26

8.35 ± 6.26

<0.001

Albumin

3.65 ± 0.50

3.42 ± 0.68

0.02

INR

1.01 ± 0.11

1.36 ± 0.18

<0.001

Blood sugar

111.49 ± 39.37

213.30 ± 144.59

<0.001

Triglycerides

173.45 ± 59.35

203.14 ± 76.53

0.005

Cholesterol

176.33 ± 72.96

248.39 ± 163.88

0.0002

6.8 (5-17)

230 (20-452)

<0.001

28.77± 30.66

270.57 ± 260.09

<0.001

Median ALP(IQR)

Median AFP(IQR)
Ca19-9

Table 2. Characteristics of Pancreatic Tumor, n=77
Variable

of ADIPOQ gene (rs1501299, rs266729 and rs2241766)
(p-value <0.0001) were independent predictors of
pancreatic adenocarcinoma (Table 5).

Value

Tumor size

3.22 ± 1.0

Lymph node metastasis yes, n (%)

25(32.47)

Vascular invasion (yes), n (%)

22(28.57)

Distant metastasis (yes), n (%)

36(46.75)

Resectability (yes), n (%)

20 (25.97)

Discussion

the clinical data of pancreatic adenocarcinoma patients
were investigated. Male gender, as well as older age, was
significantly associated with rs2241766 polymorphism
(p 0.02 and 0.06 respectively). Patients with rs2241766
polymorphism have a lower frequency of lymph node
involvement (p 0.05) as shown in table. 4
Univariate and multivariate-adjusted logistic
regression models were constructed to identify baseline
predictors of pancreatic adenocarcinoma. Older age
(p-value 0.03), smoking (p-value 0.04) and polymorphism

Pancreatic adenocarcinoma incidence has been linked
to several factors, of which serum adiponectin level was
recently evaluated with varying results (Rückert et al.,
2010). In our study, we evaluated 3 SNPs in adiponectin
gene (at rs1501299, rs266729, and rs2241766) and its
relation to the development of pancreatic adenocarcinoma.
We demonstrated a higher frequency of rs1501299A>C
in patients with pancreatic cancer (compared to control
group (OR 3.14 95% CI 1.68-5.87). This was different
from a protective effect of such change that was observed
in Chinese population-based study by (Yang et al., 2015)
also from Japanese population in a study by (Kuruma
et al., 2014) who showed 1.9 folds increased pancreatic

Table 3. Distribution of SNPs between Patients with Pancreatic Cancer and Control
rs1501299
rs266729
rs2241766

Control n=97

Pancreatic cancer n=77

OR (95% CI)

P value

CC

67 (69.07)

32 (41.56)

0.48 (0.31-0.73)

<0.001

CA or AA

30 (30.93)

45 (58.44)

3.14 (1.68-5.87)

<0.001

CC

67 (69.07)

31 (40.26)

0.46 (0.30-0.71)

<0.001

CG or GG

30 (30.93)

46 (59.74)

3.31 (1.77-6.20)

<0.001

GG

72 (74.23)

37 (48.05)

0.51 (0.35-0.76)

<0.001

GT or TT

25 (25.77)

40 (51.95)

3.11 (1.65-5.89)

<0.001
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Table 4. Association between SNPs of ADIPOQ Gene and Clinical Features of the Tumor in Pancreatic Cancer Cases,
n=77
rs1501299
CC

CA or AA

rs266729
CC

rs2241766

CG or GG

GG

P

GT or TT

Age, years

*0.473

<60

13 (37.14)

22 (62.86)

12 (34.29)

23 (65.71)

22 (62.86)

13 (37.14)

**0.329

>60

19 (45.24)

23 (54.76)

19 (45.24)

23 (54.76)

15 (35.71)

27 (64.29)

#0.02

Gender

*0.33

Female

10 (34.48)

19 (65.52)

10 (34.48)

19 (65.52)

18 (62.07)

11 (37.93)

**0.42

Male

22 (45.83)

26 (54.17)

21 (43.75)

27 (56.25)

19 (39.58)

29 (60.42)

#0.06

<25

18 (40)

27 (60)

15 (33.33)

30 (66.67)

21 (46.67)

24 (53.33)

**0.14

>25

14 (43.75)

18 (56.25)

16 (50)

16 (50)

16 (50)

16 (50)

#0.77

BMI

*0.74

Smoking

*0.74

Yes

19 (43.18)

25 (56.82)

18 (40.91)

26 (59.09)

22 (50)

22 (50)

**0.89

No

13 (39.39)

20 (60.61)

13 (39.39)

20 (60.61)

15 (45.45)

18 (54.55)

#0.69

Tumor size

*0.55

< 3 cm

22 (44)

28 (56)

20 (40)

30 (60)

22 (44)

28 (56)

**0.995

10 (37.04)

17 (62.96)

11 (40.74)

16 (59.26)

15 (55.56)

12 (44.44)

#0.33

no

24 (43.64)

31 (56.36)

21 (38.18)

34 (61.82)

24 (43.64)

31 (56.36)

**0.56

yes

8 (36.36)

14 (63.64)

10 (45.45)

12 (54.55)

13 (59.09)

9 (40.91)

#0.22

3 cm
Vascular invasion

*0.56

Lymph nodes metastasis

*0.24

no

24 (46.15)

28 (53.85)

19 (36.54)

33 (63.46)

21 (40.38)

31 (59.62)

**0.34

yes

8 (32)

17 (68)

12 (48)

13 (52)

16 (64.00)

9 (36)

#0.05

Distant metastasis

*0.35

no

15 (36.59)

26 (63.41)

20 (48.78)

21 (51.22)

21 (51.22)

20 (48.78)

**0.10

yes

17 (47.22)

19 (52.78)

11 (30.56)

25 (69.44)

16 (44.44)

20 (55.56)

#0.55

Non

24 (42.11)

33 (57.89)

22 (38.60)

35 (61.40)

25 (43.86)

32 (56.14)

**0.62

Resectable

8 (40.00)

12 (60.00)

9 (45.00)

11 (55.00)

12 (60)

8 (40)

#0.21

<37

4 (66.67)

2 (33.33)

2 (33.33)

4 (66.67)

3 (50)

3 (50)

**0.72

>37

28 (39.44)

43 (60.56)

29 (40.26)

42 (59.15)

34 (47.89)

37 (51.95)

#0.92

Resectability

*0.87

CA19-9

*0.19

*, p value for patients with rs1501299 CC vs. CA or AA; **, p value for patients with rs266729 CC vs. CG or GG; #, p value for patients with
rs2241766 GG vs. GT or TT.

Table 5. Univariate and Multivariate Adjusted Logistic Regression Model forBaseline Predictors of Pancreatic
Carcinoma
Variable

Univariate

Multivariate

OR (95% CI)

P value

OR (95% CI)

P value

Age>60

3.11 (1.66-5.85)

<0.001

2.34 (1.10 -4.99)

0.03

Male gender

1.49 (0.81-2.75)

0.2

1.21 (0.57-2.58)

0.62

Smoking

3.08 (1.57-6.05)

<0.001

2.28 (1.04-4.96)

0.04

BMI>25

0.85 (0.47-1.57)

0.62

1 (0.48-2.06)

1

rs1501299 (CA or AA)

3.14 (1.68-5.87)

<0.001

2.92 (1.42-6.00)

<0.001

rs266729 (CG or GG)

3.31 (1.77-6.20)

<0.001

3.68 (1.79-7.56)

<0.001

rs2241766 (GT or TT)

3.11 (1.65-5.89)

<0.001

2.63 (1.27-5.44)

0.01

cancer risk in patients with CC genotype compared to AA
genotype. This in part could be explained by the different
ethnic groups.
Furthermore, several studies plotted significant
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correlation of SNP rs1501299 with characters of the
tumor; importantly the tumor size (Yang et al., 2015).
In our study apart from a significantly lower frequency
of lymph node involvement in patients with rs2241766
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polymorphism, we didn’t find significant correlation to
the tumor size.
To our knowledge SNPs at rs2241766 and rs266729
were studied in different metabolic and neoplastic
disorders including T2DM, colon and prostate cancer
through their role on serum adiponectin level (Yang et al.,
2015; Kaklamani et al., 2011). Their role is not widely
studied in patients with pancreatic adenocarcinoma.
rs2241766 G>T change and rs266729 C>G change
were more represented in patients with pancreatic
adenocarcinoma compared to control; OR (95% CI)
3.11(1.65-5.89) and 3.31 (1.77-6.20) respectively, thus
carrying an increased potential risk for pancreatic cancer.
In addition to studied SNPs and according to
univariate and multivariate-adjusted logistic regression
models, older age and smoking were independent
predictors of pancreatic adenocarcinoma which match
results by (Bosetti et al., 2011) that showed ongoing
cigarette smoking carries a twofold increased risk of
pancreatic cancer and that the risk increases with higher
smoking index.
We didn’t test serum adiponectin level in our patients;
this can be considered as a drawback and limitation of
our study. Further studies to assess adiponectin level in
patients with pancreatic adenocarcinoma and its relation
to different adiponectin genotypes can help to assess
underlying pathogenesis. Also, our research was restricted
in the genetic variants analysis to a relatively small scale
Egyptian population, so larger-scale of patients and
distinct population samples should be taken for more
results validation.
In conclusion, SNPs at adiponectin genes (rs1501299,
rs266729 and rs2241766) are associated with increased
risk of cancer pancreas. Multi-ethnic large-scale studies
are needed to confirm our results.
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