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Abstract. Objectives: The aims of this study are to (1) study the influence of polymorphisms in adiponectin gene on adiponectin
levels and potential associations with breast, prostate and colon cancer; (2) investigate the associations of adiponectin levels with
other adipokines and breast, prostate and colon cancers.
Subjects: We measured fasting adiponectin, leptin, insulin, Sex steroids in 132 (66 females, 66 males) cancer patients and 68 age
and sex matched apparently healthy subjects. Body Mass Index (BMI) and waist circumference were used as indices of obesity.
Insulin Resistance was assessed using Homeostasis Model Assessment (HOMA). Three single nucleotide polymorphisms (SNP
rs182052 (G-10066-A), SNP rs1501299 (276G > T), SNP rs224176 (45T > G) in adiponectin gene were studied using Real
Time Polymerase Chain Reaction.
Results: GG genotype of SNP rs1501299 was significantly associated with higher levels of adiponectin (OR = 1.2, 95%CI(1.03–
1.3), p = 0.02); breast (OR = 8.6, 95%CI(1.03–71), p = 0.04), colon cancers (OR = 12, 95%CI(1.2–115), p = 0.03). GT
genotype was also associated significantly with colon cancer (OR = 2.6, 95%CI (1.1–6), p = 0.03). However SNP rs224176 was
associated with only breast cancer.
Conclusion: Our results demonstrate that adiponectin gene SNP rs1501299 and SNP rs224176 may be the predisposing factors in
some cancers but our results differ from what has been reported in other populations suggesting a complex relationship between
genetic variations and phenotypic adiponectin levels.
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1. Introduction

There is emerging evidence that adipokines are as-
sociated with several types of obesity related cancers.
Adiponectin is an adipokine that is involved in the
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control of glucose, fat metabolism and insulin sen-
sitivity with anti-diabetic, anti-atherogenic and anti-
inflammatory activities [1]. In addition to its func-
tion as an insulin sensitizing hormone, adiponectinmay
play a role in the regulation of cell growth and death [2,
3]. It inhibits proliferation of cell through selective-
ly binding and sequestering the growth factors such as
Platelet Derived Growth Factor (PDGF), Basic fibrob-
last growth factor and other factors, thus suppressing
their interaction with membrane receptors. Further-
more, adiponectin has been suggested to inhibit the
activation of nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-κB), a transcription factor that
is involved in initiating survival signaling pathway [3].
Adiponectin also promotes apoptosis through activa-
tion of a cascade of caspases −8, −9 and −3, which
leads to cell death. Hence, it has been proposed that
adiponectin is an anti-cancer adipokine that has protec-
tive roles against carcinogenesis.

Low levels of adiponectin have been found in a num-
ber of obesity related cancers as well as cancers asso-
ciated with insulin resistance [4] such as breast [5–7],
prostate [8] and colon [9]. It has been suggested that
reduced levels of adiponectin lead to the development
of insulin resistance and compensatory chronic hyper-
inuslinemia which in turn lead to reduced liver syn-
thesis of IGFBP1 and IGFBP2. As a result levels of
bioavailable IGF1 increases favoring the development
of tumors. In parallel, chronic hyperinuslinemia down
regulates the hepatic synthesis of SHBG, thereby in-
creasing free sex hormones. In addition, low levels of
adiponectin may probably up-regulate fatty acid syn-
thase (FAS) a key lipogenic enzyme that has been as-
sociated with breast, prostate and colon cancers [10].
A novel signaling pathway linking adiponectin with
carcinogenesis is JNK pathway. This belongs to the
mammalian mitogen activated protein (MAP) kinase
family that acts as a stimulator for different survival
signaling pathways including tumor development [11].
Figure 1, summarizes the mechanisms through which
obesity related cancers could be mediated.

Screening of the adiponectin encoding gene has led
to the discovery of genetic variants and single nu-
cleotide polymorphisms (SNPs) that have been found
to be associated with reduced circulating levels of
adiponectin, Type 2 diabetes, insulin resistance and
obesity [12–14]. Two common SNPs have been stud-
ied extensively in the literature the substitution of T
to G in exon 2 45T > G (rs2241766) and substitution
of G to T in intron 2 276G > T (rs1501299) along
with their association with diabetes, obesity and insulin

resistance. Data of association analysis of these two
previously mentioned SNPs have been inconsistent in
different populations. For example, a study in German
population has shown significant association of 45T
> G variant with obesity and insulin sensitivity [15]
whereas a Japanese study found no such association
with the same SNP [13].

On the other hand, Hara et al., observed an associa-
tion between SNPs at positions 45 and 276 and Type 2
diabetes in the Japanese population [12]. Hara and col-
leagues reported that subjects with the G/G genotype
at position 45 or the G/G genotype, at position 276 had
a significantly increased risk of type 2 diabetes com-
pared with those having the T/T genotype at positions
45 and 276, respectively, indeed more than 40% of
Japanese individuals have the high risk G/G genotype
which makes subjects genetically prone to decreased
adiponectin levels [12].

In another study, G allele of SNP rs224176 and G/G
genotype of SNP rs1501299 were associated with im-
paired glucose tolerance in Spanish population [16].
The study has also reported that the G/G genotype
for SNP rs1501299 was associated with lower serum
adiponectin levels compared to G/T and T/T genotype
and hence suggesting that SNP rs1501299 may affect
the expression of adiponectin [16]. Reports on the asso-
ciations of these SNPs have also been inconsistent and,
in agreement with reports from Japanese [13] and Ger-
man [17] populations, the G allele of SNP rs224176 did
not result in any change in adiponectin concentrations
in the Spanish population [15].

As the associations of these commonly studied poly-
morphisms in the adiponectin gene with the risk of
obesity related cancers have not been established and
published data on other associations have been incon-
sistent, the aims of this study are to (1) investigate
the association between adiponectin concentration and
other adipokines and breast, prostate and colon can-
cers, (2) study the influence of polymorphisms in the
adiponectin gene on adiponectin levels and potential
associations with breast, prostate and colon cancers.

2. Materials and methods

2.1. Patients and controls

As part of the protocol approved by local ethical
committee in accordance with the ethical standards in
Helsinki declaration, we obtained fasting blood sam-
ples from 132 (66 females, 66 males) cancer patients
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Fig. 1. Mechanisms through which obesity related cancer could be mediated.

whowere recruited fromKuwait Cancer Control Center
(KCCC). The diagnosis of cancer was made on clinical
basis, radiological findings and histological findings.
Patients were recruited immediately after diagnosis and
before starting treatment. Sixty eight (34 females and
34 males) age and sex matched apparently healthy vol-
unteers were enrolled from Kuwait Blood Bank Center.
Exclusion criteria included refusal to participate in the
study as well as the presence of other endocrine disease
(Diabetes, heart failure, renal failure) or ingestion of
any medication (such as thiazolidinedione) that affects
adiponectin, hormones or lipid profile at the time of the
study. Patients with previous history of other cancers
and recent history (within the previous 1–6 months)
of weight gain or loss of 5% or more of their current
weight were also excluded from the study.

2.2. Anthropometric measurements

Body weight (Kg) was measured in light clothing
without shoes and height (cm) was measured with a
stadiometer. Subsequently body mass index (BMI)
(Kg/m2) was calculated according to the following for-
mula: BMI = Weight (Kg)/Height (m2). Waist circum-
ference (cm) at the level of the umbilicus and hip cir-

cumference (cm) at the femoral greater trochanter and
the maximal gluteal protuberance were also taken. All
anthropometric measurements were taken at the time
of subject’s enrollment and blood draw.

2.3. Laboratory analysis

Plasma adiponectin concentrations were measured
by EnzymeLinked ImmunosorbentAssay (ELISA) Kit
(HumanAdiponectinELISAKit, LincoResearch, Mis-
souri, USA). The assay sensitivity is 2 ng/mL. Intra- and
Inter assay coefficients of variation were 4% and 4.1%
respectively at adiponectin concentration of 7 μg/mL.
Plasma leptin was measured by using the (DSL-10-
23100 ACTIVE Human Leptin ELISA kit). The assay
sensitivity is 0.05 ng/mL, whereas the intra and inter
assay coefficients of variation were 3% and 3.3% re-
spectively at leptin concentration of 23 ng/mL. Lev-
els of Follicular StimulatingHormone (FSH), Luteiniz-
ing Hormone (LH), Total Testosterone and Sex Hor-
mone Binding Globulin (SHBG) were determined by
using IMMULITE 1000 Kits (Siemens Healthcare Di-
agnostics, Deerfield, USA). Fasting plasma glucose
was analyzed on an automated analyzer (Beckman
DXC, Beckman Corporation, Brea, CA, USA) and
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Table 1
Demographic, anthropometric and biochemical characteristics of the study population

Parameter Cancer patients (n = 132) Controls (n = 68) p-Value
Type of Cancer Breast (n = 60) Prostate (n = 14) Colon (n = 58)

Age (years) 49 ± 2.4 59 ± 8.7 53 ± 7.7 60 ± 5.2 NS
BMI(Kg/m2) 28.8 ± 4.1 27.7 ± 3 27.9 ± 6 26.0 ± 3 NS
WC (cm) 102 ± 15 108 ± 14 106 ± 14 102.5 ± 9 NS
Systolic blood pressure (mmHg) 131 ± 20 131 ± 20 131 ± 20 130 ± 12 NS
Diastolic blood pressure (mmHg) 80.6 ± 6 80.6 ± 6 80.6 ± 6 81 ± 8 NS
Plasma glucose (mmol/L) 6.8 ± 6 6.8 ± 2 7.3 ± 1.7 5.8 ± 0.5 < 0.0001
Total Cholesterol(mmol/L) 6 ± 1 7.1 ± 2 5.6 ± 1 6.6 ± 1.1 NS
HDL (mmol/L) 1.2 ± 0.5 1.4 ± 0.9 1.3 ± 0.4 1.2 ± 0.07 NS
LDL (mmol/L) 3.9 ± 2 4.9 ± 1 3.7 ± 1 4.4 ± 0.6 NS
Adiponectin (µg/mL) 8.45 ± 4 10.4 ± 3 8.6 ± 4 4.1 ± 2 < 0.0001
Insulin (µIU/mL) 13 ± 4.8 10.73 ± 6 10.4 ± 8.6 11.0 ± 1.5 < 0.0001
HOMA 4.3 ± 0.4 3.4 ± 0.5 3.3 ± 0.2 3.0 ± 0.7 < 0.0001

BMI = Body Mass Index, WC = Waist Circumference, HOMA = Homeostasis Model Assessment.

fasting serum insulin was determined by an enzyme-
linked immunosorbent assay (ELISA) (DSL-10-1600
ACTIVE, Diagnostics Systems Laboratories, Texas,
USA). Homeostasis Model Assessment (HOMA) was
used as an assessment for insulin resistance by using the
HOMA-IR = glucose (mmol/L) X insulin (μIU/mL)/by
22.5.

2.4. DNA isolation

Nucleospin Blood Kit (Macherey-Nagel, Neumann-
Neader, Germany) was used to extract Deoxyribonu-
cleic acid (DNA) from citrated blood samples, which
provided an expected yield range of 4–6 μg of DNA.
Once DNA was isolated, the DNA quantity and quality
were checked using a spectrophotometer.

2.5. Genotyping of polymorphisms in adiponectin
gene

Allelic Discrimination (AD) of adiponectin gene in
200 samples was done by using 7500 fast Real Time
Polymerase Chain Reaction (Applied Biosystems, Fos-
ter City, California, USA). SNPs were chosen based
on the most commonly reported in the literature and
using Applied Biosystems SNP browser version 3.5.
Three SNPs were studied as follows: SNP G-10066-
A (rs182052) in intron 1, SNP 276G>T (rs1501299)
in intron 2, SNP 45T>G (rs224176) in exon 2. The
selection of the SNPs was based on previous studies
showing association with cancer in other population.

2.6. Statistical analysis

Data were tested for normality using Kolmogorov
Smirnov test. Non-parametric variables were normal-

ized by log transformation to use parametric tests. De-
scriptive statistics namely mean ± SD and 95% con-
fidence interval (CI) were used as appropriate. Com-
parison between mean values in the 2 groups (Pa-
tients and Controls) was evaluated using student’s t
test. Spearman correlation coefficient was used to de-
scribe the associations between continuous variables
of interest; the partial correlation analyses were used
to control for the effects of age, sex and BMI. The
association between adiponectin genotypes and can-
cer risk was determined by calculating the odds ratio
(OR) and 95% confidence interval (CI) using multi-
variate and binary logistic regression with adjustment
for the confounding effects of age, sex and BMI. The
relationship between adiponectin, genotypes and bio-
chemical findings were evaluated by one-way anal-
ysis of variance (ANOVA). All the statistical analy-
ses were performed with the Statistical Package for
Social Sciences (SPSS Inc. Chicago, USA), version
16.0. The criterion for statistical significance was p <
0.05. Hardy-Weinberg Equilibrium was used to evalu-
ate the allele frequencies using the following facility:
www.oege.org/software [18]. The power of the study
was calculated using the following facility: http:// hed-
wig.mgh.harvard.edu/sample size/size.html [19]. The
SPSS software was also used to recode for each com-
bination.

3. Results

3.1. Demographic, anthropometric and biochemical
characteristics of the study population

Table 1 summarizes the demographic, anthropomet-
ric and biochemical characteristics of the study popula-
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Fig. 2. Differences in adiponectin concentration according to HOMA index. The bars represent the 95% confidence interval of adiponectin
concentration and the circle within the bars represents the mean.

tion. A total of 132 (66 females and 66 males) patients
with breast, prostate and colon cancer and 68 (34 fe-
males and 34 males) apparently healthy subjects were
included in this study.

3.2. Adiponectin

Table 2 demonstrates a significant difference in
levels of adiponectin in control and patient groups.
Cancer patients had significantly (p < 0.0001) high-
er adiponectin concentrations than apparently healthy
subjects. Based on BMI and HOMA-sub grouping,
levels of adiponectin were lower in obese than in non-
obese subjects (6.9 ± 4.1 μg/mL vs. 7.9 μg/mL) (p =
0.03). In addition, insulin sensitive subjects (HOMA <
2) had higher adiponectin levels than insulin resistant
subjects (HOMA > 2) (Fig. 2). Adiponectin showed
sexual dimorphism in apparently healthy subjects, with
female subjects having higher adiponectin levels than
male subjects (p < 0.0001) (Fig. 3). However, Fig. 3
demonstrates that this sexual dimorphism disappeared
in cancer patients (p > 0.05).

3.3. Insulin and insulin resistance

Significant differences in insulin and HOMA were
found between patient and control groups; indeed can-

cer patients had significantly higher (p < 0.0001)
insulin levels and significantly higher (p < 0.0001)
HOMA index as shown in Table 2.

3.3.1. Stratification of the study population according
to the sex

Table 2 demonstrates the differences between obe-
sity related parameters in control and patient groups
of women and men respectively. We found a signifi-
cant difference in levels of adiponectin in control and
patient groups of females and males respectively. Fe-
male cancer patients had significantly (p = 0.03) higher
adiponectin concentrations than do apparently healthy
subjects. In male cancer patients levels of adiponectin
were significantly higher (p < 0.0001) than in appar-
ently healthy subjects.

3.3.2. Insulin and insulin resistance
Significant differences in insulin and HOMA were

found between patient and control groups of females.
Female cancer patients had significantly higher (p <
0.0001) insulin levels and significantly higher (p =
0.008) HOMA index as shown in Table 2. Further-
more, there was a significant difference (p < 0.0001) in
insulin and HOMA between control and patient groups
of males. Males with cancer had significantly higher
(p < 0.0001) serum insulin levels and subsequently
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Fig. 3. Sexual Dimorphism of adiponectin in the study subjects. The bars represent the 95% confidence interval of adiponectin concentration and
the circle within the bars represents the mean.

significantly higher HOMA index than do control male
subjects (Table 2).

3.3.3. Hormonal differences between patients and
controls

Female cancer patients had significantly higher (p <
0.0001) testosterone levels than do apparently healthy
female subjects as shown in Table 2. On the other
hand,male cancer patients had significantly higher (p <
0.0001) estradiol levels than do male control subjects
as appears in Table 2. However, male control subjects
had significantly higher (p < 0.0001) testosterone lev-
els than do male cancer patients as shown in Table 2.
As shown in Table 2, levels of FSH and LH in female
cancer patients were significantly higher (p < 0.0001)
than female control subjects. Similar trend was ob-
served in male subgroups of patients and controls as
shown in Table 2. Although patients groups (females
and males) have higher SHBG levels than apparently
healthy subjects, the differences were not significant as
shown in Table 2.

3.3.4. Correlation between variables
Table 3 presents the results of Spearman rank corre-

lations between the variables of interest in all subjects
(patients and controls). Insulin levels andHOMA index
correlated positively and significantly with BMI and
Waist circumference. Adiponectin correlated positive-

ly with estradiol but with BMI, waist circumference,
insulin, HOMA and total testosterone. Total testos-
terone correlated positively with waist circumference,
insulin levels and HOMA index whereas it correlated
negatively with adiponectin and estradiol.

After adjustment for age, sex and BMI, adiponectin
correlated positively with estradiol and negatively with
insulin levels, HOMA index and testosterone (Table 4)
indicating that the correlations between adiponectin
and these variables are independent of age, sex and
BMI.

3.3.5. Prevalence rates of adiponectin genotypes in
the study population

Table 5 summarizes the prevalence rates of adiponec-
tin genotypes which were in Hardy- Weinberg equilib-
rium among the study population.

3.3.6. Anthropometric and biochemical
characteristics according to adiponectin
genotypes

Although no significant difference (p > 0.05) was
observed in BMI among adiponectin genotypes of SNP
rs182052, homozygous carriers of G/G allele had the
highest BMI (30 ± 7.4 Kg/m2) followed by A/A geno-
types (29.8 ± 5 Kg/m2) and A/G genotypes (25.6 ±
5.8 Kg/m2). In contrast, the highest waist circumfer-
ence was found in homozygous carriers of A/A geno-
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Table 3
Spearman’s rank correlations of variables of interest among all subjects

AGE BMI WC INS HOMA ADIPO E2 TES

AGE r 1

BMI r 0.05 1
WC r 0.2∗∗∗ 0.5∗∗∗∗ 1
INS r 0.06 0.3∗∗∗∗ 0.3∗∗∗∗ 1
HOMA r 0.07 0.3 0.3 0.9∗∗∗∗ 1
ADIPO r −0.1∗ −0.1∗ −0.2∗∗ −0.2∗∗∗∗ −0.2∗∗∗∗ 1
E2 r 0.08 −0.07 0.02 −0.2 −0.2 0.2 1
TES r 0.09 −0.03 0.1 0.2∗∗∗∗ 0.1∗∗ −0.2∗∗ −0.2∗∗ 1
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, ∗∗∗∗p < 0.0001, No ∗ = No Significance.
Age = years, BMI = Body Mass Index (Kg/m2), WC = Waist Circumference (cm), INS = Insulin
(µIU/mL), HOMA = Homeostasis Model Assessment, ADIPO = Adiponectin (µg/mL), E2 = Estradiol
(pg/mL), TES = Testosterone (ng/dL).

Table 4
Partial correlation coefficients among subjects after correction for age, sex
and BMI

WC INS HOMA ADIPO E2 TES

WC r 1
INS r 0.2 1
HOMA r 0.2 0.9∗∗∗∗ 1
ADIPO r 0.08 −0.3∗ −0.3∗ 1
E2 r 0.08 −0.1 −0.08 0.3∗∗∗∗ 1
TES r 0.04 0.03 −0.01 −0.4∗∗∗∗ −0.2∗ 1
∗p < 0.05, ∗∗p < 0.01, ∗∗∗p < 0.001, ∗∗∗∗p < 0.0001, No ∗ = No
Significance.
Age = years, BMI = Body Mass Index (Kg/m2), WC = Waist Circum-
ference (cm), INS = Insulin (µIU/mL), HOMA = Homeostasis Model As-
sessment, ADIPO = Adiponectin (µg/mL), E2 = Estradiol (pg/mL), TES
= Testosterone (ng/dL).

types (104.2± 14.2 cm) of SNP rs182052, followed by
G/G (103.1 ± 16.2 cm) and A/G genotypes (101.9 ±
12.6 cm). However, the differences did not reach sta-
tistical significance (p > 0.05). There was also no
significant difference in BMI and waist circumference
between the SNP rs1501299 and SNP rs2241766 geno-
types indicating that variations in anthropometric in-
dices are not related to genetic polymorphisms in the
adiponectin gene.

3.3.7. Variation of adiponectin and other obesity
related parameters with adiponectin genotypes
in both patients and controls

Therewere significant differences in adiponectin lev-
els in SNP rs1501299 genotypes (Table 6). Table 6
shows that homozygous carriers of T allele (T/T) had
the lowest concentration of adiponectin compared to
the G/G or T/G genotypes. Insulin levels and HOMA
index also varied significantly among SNP rs1501299
genotypes as shown in Table 6. Although leptin levels
varied among genotypes of SNP rs1501299, the differ-
ences were not significant.

Homozygous carriers of the G allele of SNP
rs182052 tended to have lower adiponectin levels than
carriers of (A/A) or (A/G) genotypes [(G/G: 4.7 ±
2 μg/mL, A/A: 5.5± 3 μg/mL,A/G: 6.9± 3.7μg/mL)]
but this differences were not significant. Among the
genotypes of SNP rs2241766, homozygous carriers
of the G alleles had the highest levels of adiponectin
compared with the other genotypes as follows: [(G/G:
7.7 ± 1.8 μg/mL, T/T: 6.8 ± 4.1 μ g/mL, G/T: 6.6 ±
4.1 μg/mL)]. Although variations in insulin, leptin and
other variables were observed among genotypes of SNP
rs182052 and SNP rs2241766, the differences were not
statistically significant, hence, data not shown.

3.3.8. Adiponectin genotypes and multivariate linear
regression results:

Using multivariate logistic regression analysis with
inclusion of age and sex as confounders, we found that
(GG) genotype of SNP rs1501299 was significantly
associated with levels of adiponectin (B = 0.2, p =
0.013) as shown in Table 7. Also homozygous carriers
of G allele are more likely to have higher adiponectin
levels than (T/T) or (T/G) genotypes of SNP rs1501299
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Table 5
The distribution of adiponectin genotypes within the study population

Adiponectin genotype Number of controls (n = 68) Number of patients (n = 132)

SNP rs182052
AA 4 (5.9%) 8(6.1%)
AG 52 (76.5%) 101(76.5%)
GG 12 (17.6%) 23(17.4%)

SNP rs1501299
TT 46 (67.6%) 63 (47.73%)
GT 21 (30.9%) 55 (41.67%)
GG∗ 1 (1.5%) 14 (10.61%)

SNP rs2241766
TT 50 (73.5%) 84 (63.64%)
TG 18 (26.5%) 43 (32.58%)
GG None 5(3.79%)
TOTAL 68(100%) 132(100%)
∗Significant Difference in the distribution of GG genotype between controls and patients.

(OR = 1.2, 95%CI (1.0–1.3), p = 0.02). We also
found that this genotype is associatedwith lower insulin
levels (OR = 0.8, 95%CI (0.8–0.9), p = 0.03). But
this genotype was not found to be associated with any
parameters of obesity (BMI or waist circumference).
SNP rs2241766 and SNP rs182052 genotypes were not
found to be associated with indices of obesity, insulin
resistance and adiponectin (Table 7). Using binary lo-
gistic regression analysis with inclusion of age and sex
as confounders, SNP rs1501299 was significantly as-
sociated with cancer in all patients (OR = 2.1 95%CI
(1.3–3.6), p = 0.004) as shown in Table 8. Specifically
GG genotype was strongly associated with cancer de-
velopment (OR = 9.3, 95%CI (1.2–73, p = 0.04) in all
patients. It is also associated with the development of
breast cancer (OR = 8.5, 95%CI (1.03–71), p = 0.04)
and colon cancer (OR = 12.0, 95%CI (1.2–115), p =
0.03). SNP rs2241766 was associated with breast can-
cer (OR = 2.1, 95%CI (1.1–4.1),p = 0.03) but not with
prostate and colon cancers. We have corrected for con-
founders such as age, BMI and gender, as we also in-
cluded adiponectin as a confounder, results did not dif-
fer indicating that the association between adiponectin
SNPs with obesity related cancers is independentof age
and sex. However, Table 8 shows that the association
between GG genotype of SNP rs1501299 and breast
cancer is dependent on age, adiponectin levels, BMI,
and sex.

4. Discussion

Several published studies have shown an association
between obesity and risk of developing prostate, breast
and colon cancers [20–22]. Additionally, there has

been evidence that the link between obesity and risk
of cancer is due, in part, to obesity-associated reduc-
tion in circulating adiponectin levels [23]. To the best
of our knowledge most of the studies have shown that
cancer patients had lower adiponectin levels compared
to their apparently healthy control subjects. Mant-
zores and colleagues, have shown that lower circulating
adiponectin levels are associated with increased risk
of breast cancer [5,6] Furthermore, adiponectin levels
have been demonstrated to be lower in prostate cancer
patients compared to benign prostatic hyperplasia or
healthy control subjects and inversely associated with
histological grade and Gleason score [24]. On the other
hand, Biallargeon et al., found no association between
adipokines, adiponectin in particular and prostate can-
cer [25]. One prospective nested case control study
reported that plasma adiponectin levels were inversely
associated with the risk of colorectal cancer in men [9].

Findings in this study came as a surprise because we
were expecting to find lower adiponectin in associa-
tion with obesity related cancers as reported in studies
from other populations mentioned earlier. Therefore,
our findings of significantly higher adiponectin in pa-
tients with cancer are at variance with other published
studies. Our results could be explained by a number of
factors. First of all it is pertinent to note that the asso-
ciations of adiponectin with obesity and obesity related
factors such as insulin resistance are in agreement with
what is expected from published studies. For exam-
ple, adiponectin was inversely correlated with markers
of obesity BMI and waist circumference as shown in
Tables 3 and 4. Adiponectin also showed the expect-
ed significant inverse relationships with insulin resis-
tance and insulin levels as shown in Tables 3 and 4.
Based on HOMA sub-grouping, insulin sensitive sub-



R.M. Al Khaldi et al. / Associations of adiponectin gene SNPs in cancer 209

jects (HOMA < 2) had higher adiponectin levels than
insulin resistant subjects (HOMA > 2) as shown in
Fig. 2.

The higher levels of adiponectin in cancer patient
groups could be due to slightly lower (but significant)
waist circumference in the patient group particularly
in male cancer patients as shown in Table 2. Circu-
lating adiponectin in this study has been shown to be
negatively correlated more significantly with waist cir-
cumference than BMI in agreementwith other previous
studies [26,27]. As estradiol correlated positively with
adiponectin, another important factor that could explain
the high levels of adiponectin in male cancer patients is
the significantly lower testosterone and relatively high-
er estradiol levelswhich in turn could result in increased
production of adiponectin in male cancer patients. In
relation to sex steroids, the findings in females are diffi-
cult to explain, female cancer patients had significantly
higher testosterone levels which is expected to result
in lower adiponectin levels due to the fact that testos-
terone suppresses adiponectin production and also lim-
its the production of HWM adiponectin in vivo and
in cultured adipocytes [28–30]. However, there is the
possibility that the effect of testosterone on adiponectin
is different in males and females. More significantly,
females with cancer had higher estradiol due to their
higher BMI which could result in higher rate of periph-
eral aromatization. Thus, it is highly probable that the
effect of estradiol on increasing circulating adiponectin
overrides a tendency of higher testosterone to reduce
adiponectin. Obviously, sex steroids play a role in reg-
ulation of adiponectin levels and the regulation could
differ in men and women.

Discrepancies between our results and previous stud-
ies could also be explained by ethnic/racial differences;
indeed previous studies were conducted on populations
from USA, Europe and Japan. Genetic studies have as-
sociated several adiponectin gene polymorphisms with
adiponectin levels, obesity, insulin resistance, Type
2diabetes, hypertension and cardiovascular diseases in
some but not all studies [12–14]. In this study we have
found that SNP 276G > T was significantly associ-
ated with cancer in all patients while SNP rs2241766
was associated with breast cancer but not with prostate
and colon cancers. Furthermore, in contrast with what
has been reported in other populations, the (GG) geno-
type of rs1501299 was significantly associated with
higher levels of adiponectin and rs2241766 and SNP
rs182052 genotypes were not found to be associated
with adiponectin, indices of obesity and insulin resis-
tance. All the SNPs evaluated in this study were not

significantly associated with indices of obesity in sharp
contrast to reports from other populations. A study in
Hispanic families reported that SNP rs182052 was as-
sociated with four of six obesity measurements (BMI,
Waist, WHR, subcutaneous fat) [17] and Yang et al.,
(2007) reported that G allele of SNP rs1501299was as-
sociated with reduced risk of obesity [32]. In addition,
SNP rs2241766, either independently [31] or as a hap-
lotype together with SNP rs1501299 [15], was strongly
associated with obesity and insulin resistance in non-
diabetic German and Italian Caucasians. However,
there are inconsistent results from various populations
as these associations were not found in French [14] and
Swedish [34] populations suggesting high variability
in phenotypic expression among different populations.
The lack of significant association between the studied
SNPs and indices of obesity is reflected in their lack of
significant associations with leptin (Table 6).

In this study, the differences in circulating adiponec-
tin between genotypes of SNP rs182052 were not sta-
tistically significant. This may be explained by the fact
that SNP rs182052 is an intronic SNP that may not af-
fect the protein product of adiponectin gene. Howev-
er, we have also found that the G/G genotype of SNP
rs1501299 resulted in higher serum adiponectin lev-
els. Our findings are in contrast with results report-
ed in Japanese and Spanish populations that showed
lower adiponectin levels in G allele carriers of SNP
rs1501299 [13,14]. The mechanism by which the in-
tronic SNP rs1501299 can affect the expression level of
the gene and increase circulating adiponectin could be
explainedby several factors. It might be due to a specif-
ic linkage structure or it may act with certain environ-
mental factors and ultimately affect the expression of
the gene (gene-environmental interaction). One study
has indicated that SNP rs1501299 is in moderate to
strong Linkage Disequilibrium with several polymor-
phisms such as insertion/deletion +2019 placed in the 3
un-translated region (UTR) – a region which has been
shown to play a role in the control of gene expression
by binding proteins that regulate mRNA processing,
translation or degradation [33]. On the other hand, we
showed that neither T nor G alleles of SNP rs2241766
resulted in any change in adiponectin concentrations.
As SNP rs2241766 is a silent substitution (GGT →
GGG), it may indicate that this variant does not affect
the expression of the gene. Our findings agree with
reports from Japanese and German populations [11,28]
which found no association between SNP rs2241766
and adiponectin but at variance with Menzaghi et al.,
who showed association of insulin resistance with the
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T allele with decreased serum adiponectin levels [37].
The conflicting association results in various popula-
tions suggest a complex relationship between variations
in the adiponectin gene and phenotypic adiponectin
levels. This could explain the difference between our
study and that of Kaklamani et al., who found increased
breast cancer risk in adiponectin gene SNPS that are
associated with lower adiponectin levels and decreased
risk of cancer with SNPs that increase adiponectin lev-
els [37]. In this study we found a significant asso-
ciation between SNP rs1501299 and cancer in all pa-
tients, breast, and colon cancer as shown in Table 8.
Our finding of an association between an adiponetin
gene SNP that causes higher adiponectin and cancer
deserves further prospective association studies. It is
unlikely that cancer-related weight loss could be a fac-
tor in our patients since none of the patients reported
significant weight loss. The study by Kaklamani et al.,
was retrospective and did not include data on the BMI
as well as other obesity-related metabolic parameters
that could interfere with the genotype effect [37].

Discrepancies between our study and other associ-
ation studies could also be explained by ethnic/racial
differences and it is possible that certain alleles actually
have different functions in different populations. Fur-
thermore, different SNPs in adiponectin gene can give
rise to more than one allelic messenger ribose nucle-
ic acid (mRNA) forms which in turn possess different
biological functions as a result of differences in pri-
mary or higher order structures that interact with oth-
er cellular components [38]. The recent finding of in-
creased levels of tissue adiponectin in breast cancer pa-
tients compared to controls gives further support to our
finding of an association between an SNP that causes
higher adiponectin levels and cancer [39]. The study
by Karaduman et al., also reported that, women with
high levels of tissue adiponectin are at increased risk of
developing breast cancer than women with low tissue
adiponectin levels [39]. Another recent study has re-
ported that serum adiponectin levels were higher in ad-
vanced than organ confined prostate cancer [40]. This
study also reported that adiponectin could be used as
a tumor marker to differentiate between advanced and
localized stages of prostate cancer [40]. It is highly
probable that patients with advanced stages of cancer
could have higher circulating adiponectin especially if
the cancer cells produce adiponectin. However there
are no studies that have evaluated tissue expression of
adiponectin in relation to circulating adiponectin levels
and no studies have evaluated adiponectin production
from tumor cells as a potential tumor marker. If con-

firmed by other studies, there could be a paradigm shift
in the belief that adiponectin SNPs that cause higher
adiponectin levels are associated with decreased risk of
cancer.

There are some limitations to this study. Although
the number of study subjects gives the study a statisti-
cal power of 90% to detect the changes in adiponectin
levels, the number of subjects with certain genotypes is
small and studies in larger populations are required to
confirm our findings. The assay used in this study iden-
tifies total adiponectin and cannot distinguish between
the adiponectin isoforms, high- and low-molecular-
weight complexes which may have different biolog-
ical activities. Studies have also shown that post-
translational modifications such as glycosylation at ly-
sine residues located in the collagenous domain of
adiponectin are major determinants of the biological
activity of adiponectin [41,42].

In conclusion, several adiponectin polymorphisms
have been shown to influence adiponectin levels [12–
14]. To date, few studies explored the association of
adiponectin polymorphisms with obesity related can-
cers. Our study has shown that the genetic polymor-
phism SNP rs1501299 is an important genetic regu-
lator that results in increased adiponectin levels and,
paradoxically, may be the predisposing factor in these
patients. Further studies will be necessary to confirm
the role of SNP rs1501299 and SNP rs2241766 in the
development of obesity related cancers.
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[2] E. Brakenhielm, N. Veitonmäki, R. Cao, S. Kihara, Y. Mat-
suzawa, B. Zhivotovsky, T. Funahashi and Y. Cao, Adipo-
nectin-induced antiangiogenesis and antitumor activity in-
volve caspase-mediated endothelial cell apoptosis, PNAS 101
(2004), 2476–2248.

[3] Y. Wang, K. Lam, J. Xu, G. Lu, L.Y. Xu, G.J. Cooper and
A. Xu, Adiponectin inhibits cell proliferation by interacting
with several growth factors in an oligomerization-dependent
manner, J Biol Chem 280 (2005), 18341–18347.

[4] A. Wolk, G. Gridley, M. Svensson, O. Nyrén, J.K. McLaugh-
lin, J.F. Fraumeni and H.O. Adam, A prospective study of
obesity and cancer risk (Sweden), Cancer Cause Control 12
(2001), 13–21.

[5] C. Mantzoros, E. Petridou, N. Dessypris, C. Chavelas, M.
Dalamaga, D.M. Alexe, Y. Papadiamantis, C. Markopoulos,
E. Spanos, G. Chrousos, D. Trichopoulos et al., Adiponectin
and breast cancer risk, J Clin Endocrinol Metab 89 (2004),
1102–1107.

[6] Y. Miyoshi, T. Funahashi, S. Kihara, T. Taguchi, Y. Tamaki, Y.
Matsuzawa and S. Noguchi, Association of serum adiponectin
levels with breast cancer risk, ClinCancer Res 9 (2003), 5699–
5704.

[7] D. Chen, Y. Chung, Y. Yeh, H.C. Chaung, F.C. Kuo, O.Y. Fu,
H.Y. Chen, M.F. Hou and S.S. Yuan, Serum adiponectin and
leptin levels in Taiwanese breast cancer patients, Cancer Lett
(in press), Cancer Lett 237 (2006), 109–114.

[8] K. Michalakis, C.J. Williams, N. Mitsiades, J. Blakeman,
S. Balafouta-Tselenis, A. Giannopoulos and C.S. Mantzoros,
Serum adiponectin concentrations and tissue expression of
adiponectin are reduced in patients with prostate cancer: a
case-control study, Cancer Epidemiol Biomarkers Prev 16
(2007), 308–313.

[9] E.Wei, E.Giovannucci, C. Fuchs, W.C. Willett and C.S. Mant-
zoros, Low Plasma Adiponectin Levels and Risk of Colorec-
tal Cancer in Men: A Prospective Study, JNCI 97 (2005),
1688–1694.

[10] Z. Luo, A. Saha, X. Xiang and N. Ruderman, AMPK, the
metabolic syndrome and cancer, Trends Pharmacol Sci 26
(2005), 69–76.

[11] R. Davis, Signal transduction by the JNK group of MAP ki-
nases, Cell 103 (2000), 239–252.

[12] K. Hara, P. Boutin, Y. Mori, K. Tobe, C. Dina, K. Yasuda, T.
Yamauchi, S. Otabe, T. Okada, K. Eto, H. Kadowaki, R. Hagu-
ra et al., Genetic variation in the gene encoding adiponectin
is associated with an increased risk of type 2 diabetes in the
Japanese population, Diabetes 51 (2002), 536–540.

[13] M. Takahashi, Y. Arita, K. Yamagata, Y. Matsukawa, K. Oku-
tomi, M. Horie, I. Shimomura, K. Hotta, H. Kuriyama, S. Ki-
hara, T. Nakamura, S. Yamashita et al., Genomic structure and
mutations in adipose-specific gene, adiponectin, Int J Obes 24
(2000), 861–868.

[14] F. Vasseur, N. Helbecque, C. Dina, S. Lobbens, V. Delannoy,
S. Gaget, P. Boutin, M. Vaxillaire, F. Leprêtre, S. Dupont, K.
Hara, K. Clément et al., Single nucleotide polymorphism hap-
lotypes in the both proximal promoter and exon 3 of the APM1
gene modulate adipocyte-secreted adiponectin hormone levels
and contribute to the genetic risk for type 2 diabetes in French
Caucasians, Hum Mol Gen 11 (2002), 2607–2614.

[15] M. Stumvoll, O. Tschritter, A. Fritsche, H. Staiger, W. Renn,
M. Weisser, F. Machicao and H. Häring, Association of the
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