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Leptin and adiponectin in pancreatic cancer: connection  
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The aim of this study was to analyze the relationship of serum leptin as well as adiponectin and the manifestation of pan-
creatic cancer (PC).  Serum leptin, adiponectin, glucose homeostasis and insulin resistance (expressed as HOMA-IR) were 
investigated in 64 patients with newly diagnosed PC and compared with 64 healthy controls (CON group) and 75 patients 
with type 2 diabetes (DM2).

Seventy percent of newly diagnosed PC patients had DM2. The levels of leptin were lower, whilst adiponectin/leptin ratio
was higher in PC patients (both with and without DM2), in comparison with CON and DM2 groups (P < 0.001) independ-
ently of age, BMI and waist circumference.

Newly diagnosed PC is characterized with lower leptin concentrations and higher adiponectin/leptin ratio in compari-
son with CON or DM2 individuals. Analysis of these parameters could help in the screening of persons in high risk for PC, 
especially in those with DM2.
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The worldwide prevalence of pancreatic carcinoma is con-
tinually growing. The malignant tumors of pancreas are 4th 
most often death cause for cancer in the Czech Republic[1]
and 5th in Europe [2]. The five-year survival rate is only 4 % 
[3]. The vast majority of PC cases is diagnosed in advanced
stages III – IV with affected lymphatic nodes and distant
metastases. Therefore, much effort has been paid to the
search for marker enabling to identify the patients with high 
risk for PC. 

In the pathogenesis of pancreatic ductal adenocarcinoma 
and some other cancers, such as colorectal or endometrial, 
as well as in obesity and type 2 diabetes mellitus, chronic 
hyperinsulinemia, insulin resistance and the polymorphisms 
within the promoter of Ins gene could play a role [5, 6, 7]; the 
confounding mechanisms have not been elucidated yet. Re-
cently, new-onset diabetes was suggested as important marker 
for pancreatic cancer screening [8, 9], because of significant
associations between PC and diabetes mellitus. Only a few 
papers dealt with the association of PC to the concentrations 
of leptin and adiponectin; these proteins play a role in the 
pathophysiology of insulin resistance and probably influence
some mechanisms of the cancerogenesis [10]. 

Leptin, the product of the ob gene, belonging to cytokine 
family, is produced mainly by adipocytes, circulates in the 
plasma proportionally to the volume of body fat and acts 
centrally in the hypothalamus to suppress appetite and 
increase energy expenditure [11]. It plays important roles 
in angiogenesis, immune function, fertility, as well as bone 
formation [12]. The effects of leptin are mediated through 
the transmembrane leptin receptor. Leptin expression has 
also been found in other tissues, such as the fundus of the 
stomach [13], colonic epithelial cells, the skeletal muscle, 
the liver, and the placenta [14, 15] Changes in leptin ex-
pression and its concentrations are associated with various 
cancers including breast, endometrial, gastric, and prostate 
cancers [16].

Adiponectin is a 244 amino acid protein that is synthesized 
by adipose tissue. Its plasma concentrations are negatively as-
sociated with obesity and insulin resistance [17, 18]. Serum 
levels of adiponectin in vivo are inversely associated with the 
risk of colonic cancer, prostate, breast and endometrium [19]. 
On the contrary, in one study it was found that lower leptin 
but higher adiponectin levels were associated with PC before 
and after controlling for age, gender, body mass index (BMI),
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smoking status, alcohol consumption, history of diabetes, and 
family history of pancreatic cancer [20]. 

The aim of this pilot study was to analyze the concentrations
of leptin, adiponectin, basic parameters of glucose homeosta-
sis in patients with newly diagnosed PC, diabetic individuals 
without PC, and healthy controls.

Patients and methods

Subjects. The study comprised in total of 203 individuals; of
these, 64 were control persons (29/35 men/women) (CON), 75 
patients with DM2 (47/28 men/women) and 64 had newly diag-
nosed PC (35/29 men/women). Seventy per cent patients with PC 
were diagnosed also with DM2. The diagnosis for DM2 was based
on recommended guidelines [21] and all the PC patients had the 
tumor presence verified by histology (from aspiration biopsy or
chirurgical resection sample). None of the investigated probands 
suffered from chronic pancreatitis. For further purposes, the PC
group was divided into group with DM2 and the group without 
DM2. Both groups had similar distribution of tumor staging (P 
= 0.867, χ2 test) and location (P = 0.170, χ2 test) – see Table 2 for 
further information.

Every participant was completely clinically and biochemi-
cally examined. The study was approved by the Joint Ethical
Committee of 1st Faculty of Medicine and General Teaching 
Hospital in Prague and it conforms to the provisions of the 
Helsinki Declaration. The tumor staging was evaluated by the
combination of criteria issued by Union International Contre 
le Cancer (UICC) and American Joint Committee on Cancer 
[22]. The control group was recruited from apparently healthy
persons (personnel and students from 1st Faculty of Medicine). 
Blood samples were collected after overnight fasting. The plas-
ma concentrations of leptin and adiponectin were assessed by 
RIA (DRG International, Inc., U.S.A., www.drg-international.
com). In each set of RIA samples, both the controls and the pa-

tients were included to minimize the effect of inter-assay error
on group comparison. Values of other parameters examinated 
were assessed using routine biochemical and immunochemi-
cal methods. The homeostasis model assessment of insulin
resistance (HOMA-IR) index was calculated as fasting glucose 
(mmol/l)*fasting insulin (mUI/l)/22.5. 

Statistics. The statistical analyses were performed in
STATISTICA for Windows Cz, version 7.1. (www.statsoft.
cz). Results are presented as average and standard deviation 
or as a median with interquartile range (IQR, 25th – 75th 
percentile) in case of non-Gaussian distribution of data. 
For the latter type of data we used the logarithmic/double 
logarithmic transformation to normalize the data for further 
analyses. As the distribution of both sexes was similar in all 
groups (Table 3) and the effect of gender interaction was not
significant in three-way ANCOVA design including gender,
tumor presence and DM2 as grouping variables (data not 
shown), data were further processed by means of the two–way 
analysis of covariance (ANCOVA) by adjusting for age, BMI 
and waist circumference as covariates using presence of tu-
mor and DM2 as factors. We also used the chi-square test for 
comparison of dichotomic and ordinal variables. We evaluated 
the determinants of adipocytokines using forward stepwise 
regression analyses. The variables introduced into the model
were HOMA-IR, waist to hip ratio (WHCR), BMI, triacylg-
lycerols (TAG), HDL-C, age, leukocytes count and C-reactive 
protein (CRP). Associations with p-values less than 0.05 were 
considered statistically significant.

Results

Basic clinical and biochemical characteristics of the studied 
groups are shown in Tables 1 and 3. Among the patients with 
PC, 45 (27M/18F) of them (70 %) were characterized by DM2 
at the time of the diagnosis. In 67 % of these cases, diabetes 

Table 1. Laboratory data in the studied groups

Parameter CON DM2 PC without DM2 PC with DM2 P effect  
tumor

P effect
DM2

P effect
DM2*tumor

N 64 75 19 45
CRP (mg/l) 4.7 (3.0-5.6) 4.6 (3.7-7.6) 6.6 (2.3-30.0) 12.7 (7.0-44.0) 0.0001 0.2162 0.1059
glycaemia (mmol/l) 5.0 (4.7-5.3) 7.0 (6.3-9.2) 5.2 (4.6-5.6) 7.8 (6.5-10.6) 0.1772 0.0001 0.0713
HOMA-IR (ratio) 1.41 (1.04-2.44) 4.20 (2.83-7.12) 1.46 (0.99-1.95) 2.59 (1.44-5.26) 0.8709 0.0001 0.4699
total bilirubin (µmol/l) 11.0 (9.0-16.5) 10.8 (8.3-14.8) 11.1 (10.1-88.9) 18.7 (11.0-61.4) 0.0001 0.6435 0.2784
alkaline phosphatase (µkat/l) 0.9 (0.8-1.1) 1.0 (0.8-1.3) 3.1 (1.3-5.2) 2.9 (1.6-5.0) 0.0001 0.7423 0.2422
leukocytes (109/l) 6.2 (5.5-7.4) 7.5 (6.6-8.7) 7.6 (7.0-9.3) 8.0 (7.1-9.4) 0.0120 0.1432 0.1900
insulin (mIU/l) 6.5 (4.9-9.9) 11.7 (8.6-20.5) 5.9 (3.8-9.8) 7.4 (4.5-11.4) 0.4375 0.2597 0.9451
C-peptide (nmol/l) 0.66 (0.54-0.86) 1.10 (0.73-1.37) 0.77 (0.49-1.00) 0.78 (0.51-1.04) 0.4962 0.7709 0.0548
CEA (µg/l) 0.76 (0.50-1.43) 1.00 (0.50-1.67) 3.88 (1.45-7.50) 3.78 (1.82-6.45) 0.0001 0.6551 0.7536
CA 19-9 (kIU/l) 8.3 (5.9-15.1) 7.3 (2.0-14.3) 254 (24-3239) 309 (47-2283) 0.0001 0.9937 0.2162
CA 72-4 (kIU/l) 1.6 (1.0-4.2) 1.1 (1.0-1.6) 7.0 (1.6-23.8) 2.3 (1.7-7.3) 0.0001 0.0963 0.7268

Abbreviations: CON – control group, PC – pancreatic carcinoma, DM2 – diabetes mellitus type 2. CEA – carcinoembryonal antigen, CRP – C reactive protein, the 
values represent median (25th-75th percentiles). P – ANCOVA adjusted on age, BMI and waist circumference as covariates).
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lasted less than 3 years, while in the DM2 group, only in 43% 
patients DM2 lasted less than 3 years, P = 0.018, χ2 test. Within 
all observed groups, the patients with PC were more often
smokers (P < 0.0001, χ2 test) (see Table 2). As expected, the 
effect of tumor was highly significant (P < 0.0001) for values of
CA 19-9, CEA, CA 72-4 and activity of alkaline phosphatase, 
which was observed as higher values (P < 0.001) of respective 
analytes in the patients with PC (both with DM2 and without 
DM2) vs. CON and DM2 group. The concentrations of the
fasting glucose were significantly higher in the DM2 group
and in the PC with DM2 group in comparison with other 
groups. In C-peptide concentrations, we observed only bor-
derline effect for the interaction of tumor with DM2, which
was pronounced as higher C-peptide concentrations in DM2 
group vs. other groups. 

The concentrations of adiponectin, leptin and the ratio
adiponectin to leptin and the effect of PC and DM2 are
shown in Table 3. The levels of leptin and adiponectin/leptin
ratio were significantly influenced by the effect of tumor (P <
0.0001), which resulted in lower leptin concentrations (higher 
adiponectin/leptin ratio) in both groups of PC (with DM2 as 

well as without DM2), in comparison with the CON and DM2 
groups (P < 0.001) adjusted for age, BMI and waist circumfer-
ence. The concentrations of adiponectin were not influenced
by tumor presence or DM2.

To evaluate the determinants of adipokine levels, the forward 
stepwise regression (Table 4) was performed with selected 
indices of lipid (TAG, HDL-C) as well as glucose (HOMA-IR) 
metabolism, anthropometric (WHCR, BMI) parameters, age, 
and CRP as predictor variables. We found that in CON group, 
the levels of adiponectin were determined by the parameters 
of central obesity, IR, dyslipidemia and inflammation (WHCR,
HDL-C, HOMA-IR and CRP, respectively). The model for DM2
group included HOMA-IR, age, HDL-C and BMI. On the con-
trary, the PC patients with and without DM2 did not reveal any 
dependence on the parameters introduced into the model.

The concentrations of leptin were determined in CON
group with HOMA-IR, WHCR, leukocytes, BMI, HDL-C and 
CRP. The same situation was observed for the respective levels
in the DM2 group with the exception of CRP, which did not 
prove to be significant, whereas the TAG and age variables
played a role in the model. The patients with PC and DM2

Table 2.

Parameter CON DM2 PC without DM2 PC with DM2 P*

Smoking status (N) 64 70 17 45
non-smokers 35 (55%) 35 (50%) 4 (24%) 11 (26%)
ex-smokers 13 (20%) 19 (27%) 3 (18%) 2 (4%)
smokers 16 (25%) 16 (23%) 10 (59%) 32 (70%) 0.0001
     packets/day
 0.5 9 7 4 7
 1 7 6 4 15
 1.5 0 0 1 8
 2 0 2 0 2
 3 0 1 1 0 0.6605
Alcohol consumption (N) 64 70 18 45
no alcohol 8 28 7 11
less than 1 glass/day 44 35 4 23
1 glass/day 10 5 4 4
2 glasses/day 2 2 0 3
3 and more glasses/day 0 0 3 4 0.0001
Tumor staging (N) 19 45
T1 0 0
T2 3 (16%) 7 (15%)
T3 8 (42%) 22 (50%)
T4 8 (42%) 16 (35%) 0.8674
Localization of tumor (N) 19 45
head 16 (84%) 29(63%)
body 3 (16%) 10(24%)
neck 0 (0%) 6 (13%) 0.1697
Duration of diabetes (N) 60 45 
less than 3 years 26 (43%) 30 (67%)
more than 3 years 34 (57%) 15 (33%) 0.0177

*-P – Pearson χ2, Abbreviations: CON – control group, (N) – actual size of the studied group, PC – pancreatic carcinoma, DM2 – diabetes mellitus type 2. 
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seemed to have similar model for leptin concentrations as 
those without PC (HOMA-IR, WHCR, BMI, TAG and age). 
The model for PC without DM2 had included only the values
of BMI, TG and HDL-C.

The adiponectin/leptin ratio in CON group revealed
similar correlation with selected parameters as for the leptin 
(HOMA-IR, BMI, leukocytes, CRP, HDL-C) except WHCR. 
The DM2 patients exhibited the relationship of the ratio only
with HOMA-IR, TAG, and BMI. The ratio in the PC group
with DM2 had inverse sense of the correlations with param-
eters chosen for leptin (BMI, WHCR, and TAG) in the same 
group; furthermore, HDL-C was also included in the regres-
sion equation. No valid model was found for the individuals 
with PC without DM2 for the ratio.

Discussion

In the presented pilot study, 70 % persons with newly 
diagnosed PC were characterized by the presence of DM2. 

In the patients with newly diagnosed PC (regardless to the 
presence of DM2) we have found significantly lower con-
centration of serum leptin, while we found increased ratio 
adiponectin to leptin, compared to both control and DM2 
groups independently of age, BMI and waist circumference. 
Leptin was in numerous papers identified as a factor enhanc-
ing the growth and invasiveness of several tumors, e.g. breast 
[23], endometrium [24], and prostate [25] cancer. However, 
in some gastrointestinal tumors such as colorectal or gastric 
cancer the leptin concentrations were found to be similar [26] 
or lower [27, 28] in comparison with controls.

The data about pancreatic carcinoma and leptin are scarce.
One study dealing with the relationship between the cachexia 
and leptin concentrations in 64 patients with PC found BMI 
adjusted leptin concentrations lower than in control group, 
and leptin did not correlate with anorexia nor weight loss [29]. 
Furthermore, in a small group of 7 patients with PC, Barber et 
al. [30] revealed that lower leptin is accompanied with higher 
concentrations of glucose, cortisol and IL-6. 

Table 3. Anthropometrical data and adipokines in the studied groups

Parameter CON DM2 PC without DM2 PC with DM2 P* effect
tumor

P* effect
DM2

P* effect
DM2*tumor

present tumor no no yes yes
present DM2 no yes no yes
N 64 75 19 45
males/females 29/35 47/28 8/11 27/18  0.1154**
age (years) 51.9 ± 9.4 61.6 ± 10.6 59.7 ± 9.1 66.5 ± 9.4
BMI (kg/m2) 26.8 ± 4.7 33.4 ± 5.7 23.9 ± 3.6 24.8 ± 5.6
waist circumference (cm) 90.8 ± 12.4 108.8 ± 13.6 88.8 ± 11.6 92.8 ± 14.6
adiponectin (µg/ml) 10.7 (7.1-14.2) 7.6 (4.9-9.4) 10.4 (7.2-13.5) 10.7 (7.2-15.0)  0.4053  0.2355  0.2693
leptin (ng/ml) 10.2 (5.4-16.5) 10.8 (6.9-20.4) 3.1 (1.7-7.8) 3.2 (2.4-6.6)  0.0001  0.0519  0.4504
adiponectin/leptin ratio 1.0 (0.6-2.0) 0.6 (0.4-1.1) 3.0 (1.5-5.0) 2.5 (1.1-6.1)  0.0001  0.3920  0.8367

Abbreviations: CON – control group, PC – pancreatic carcinoma, DM2 – diabetes mellitus type 2. The values represent mean ± standard deviation or median
(25th-75th percentiles); *ANCOVA adjusted on age, BMI and waist circumference as covariates; ** -Pearson χ2 test; 

Table 4. Forward stepwise regression models for adipocytokines in studied groups

dependent variable PC DM2 regression equationa R2 p

adiponectin yes yes model not significant
leptin yes yes -6.48 + 2.01*BMI – 2.16*WHCR + 0.02*age + 0.11*HOMA-IR + 0.19*TAG 0.5568 0.0001
adiponectin/leptin yes yes 9.14 – 2.44*BMI – 0.53*TAG + 2.21*WHCR – 0.24*HDL-C 0.3448 0.0023
adiponectin yes no model not significant
leptin yes no -7.76 + 2.72*BMI + 0.56*TAG + 0.50*HDL-C 0.5423 0.0102
adiponectin/leptin yes no model not significant
adiponectin no yes -2.00 – 0.36*HOMA-IR + 0.02*age + 0.58*HDL-C + 0.98*BMI 0.3437 0.0001
leptin no yes -7.71 + 2.33*BMI + 0.44*leu – 1.97*WHCR + 0.34*TAG + 0.54*HDL-C + 0.01*age + 0.14*HOMA-IR 0.5160 0.0001
adiponectin/leptin no yes 4.88 – 0.46*HOMA-IR – 0.43*TAG – 1.27*BMI 0.4846 0.0001
adiponectin no no 1.69 – 2.35*WHCR + 0.80*HDL-C – 0.18*HOMA-IR + 0.10*CRP 0.4588 0.0001
leptin no no -3.79 + 0.32*HOMA-IR – 2.30*WHCR + 0.86*leu + 1.27*BMI – 0.18*CRP + 0.40*HDL-C 0.3558 0.0003
adiponectin/leptin no no 6.29 – 0.47*HOMA-IR – 1.51*BMI + 0.29*CRP – 0.89*leu + 0.40*HDL-C 0.4688 0.0001

a – the variables (log transformed in italics) are ordered according to the decreasing contribution to the coefficient of determination
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Levels of adiponectin in PC have not been extensively 
studied. One small case-control study showed PC cases to have 
significantly higher median adiponectin concentrations than
controls [31]. Stolzenberg-Solomon et al. [32] have found in 
a cohort of male Finnish smokers prediagnostic adiponectin 
concentrations to be inversely associated with PC. Dalamaga 
et al. [20] have found in case-control study lower leptin but 
higher adiponectin levels associated with PC before and after
controlling for age, gender, BMI, smoking status, alcohol con-
sumption, history of diabetes and family history of pancreatic 
cancer. Moreover, they documented the presence of both 
AdipoR1 and AdipoR2 on PC tumor tissue. 

It seems that increased adiponectin concentrations may 
play a role in various malignancies associated with diabetes, 
as (according to some authors) in non-Hodgkin lymphoma 
[33], where was observed the association of high concentration 
of adiponectin with increased levels of IL-10, a growth factor 
with known antiapoptotic properties in B- cells and T-cells 
in non-Hodgkin lymphoma [34] which is also overexpressed 
in PC cells [35]. 

In PC, it was speculated that increased adiponectin could 
compensate for insulin resistance, or for the adiponectin resist-
ance produced by a down-regulation of adiponectin receptors 
or signaling pathways downstream of the receptors AdipoR1 
AdipoR2. Increased adiponectin could also be compensa-
tory response to the inflammation [36, 20]. Epidemiological
evidence and molecular studies both in vitro and in vivo all 
support the hypothesis that inflammation plays an important
role in the initiation and progression of pancreatic tumors [37]. 
However, in our study we did not find significantly different
concentrations of adiponectin in PC patients in comparison 
with CON group. Patients with PC and with DM2 had only 
insignificantly higher adiponectin levels than diabetics with-
out PC. Nevertheless, in type 2 diabetics, plasma adiponectin 
concentrations are usually lower than in BMI-matched con-
trols [17].

Some experimental papers showed that the simultaneous ef-
fect of adiponectin and leptin on the tumor growth (migration 
of tumor cells) can lead to different results in comparison with
the isolated effect of the both adipokines. The balance between
adiponectin and leptin can thus have significant impact on the
tumor progression [9, 38]. 

Only a few clinical studies dealt with the relationship of 
adiponectin/leptin ratio in human cancer. In breast cancer, 
the leptin/adiponectin ratio was increased in the patients 
with cancer in comparison with controls; moreover, this ratio 
showed positive correlation with the progression of tumor 
[39]. Recent study by Yamaji et al. [40] in colorectal adenoma 
indicates interactive effects of these two adipokines on the
progression of adenoma, which were independent of their 
involvement in insulin resistance. However, in our study, the 
PC patients had increased adiponectin/leptin ratio. This find-
ing corresponds with the data by Dalamaga [20], who found 
association of higher concentrations of adiponectin and lower 
levels of leptin in pancreatic cancer.

Adiponectin and leptin seem to exhibit complex and con-
certed effects on tumor cells and leukocytes [9]. In five breast
cancer cell lines treated with varying adiponectin/leptin ratio, 
different effects on the proliferation were observed [38]. Thus,
the adiponectin/leptin ratio could bear possible predictive 
power in some other types of cancer, including PC. 

Moreover, in other pathophysiological states the adi-
ponectin/leptin interactions play a role; the ratio was used 
by several authors as a marker of risk for insulin resistance in 
DM2 [41], preclinical atherosclerosis [42], and, recently, also 
as potential marker of depression [43].

To conclude, we found in the presented study low leptin 
concentrations and high adiponectin to leptin ratio in newly 
diagnosed PC. Potential significance of adiponectin/leptin
ratio in PC could reflect anticipated different roles of leptin
and adiponectin in pathogenesis of PC. We suppose that the 
manifestation of PC is linked with the dysregulation of leptin 
and adiponectin pathways in the affected individuals regard-
less to the presence of diabetes. Further studies are needed to 
elucidate the significance of both adipokines and their ratio
in the pathogenesis of PC.

Acknowledgements. The study was supported by the grant
No. 9528-3 IGA MZ CR and Research Project MZ CR MSM 
0021620820

References

[1] Novotvary 2006. Praha, ÚZIS and NOR, 2009. (in Czech)
[2] FERLAY J, AUTIER P, BONIOL M, HEANUE M, COLOM-

BET M et al. Estimates of the cancer incidence and mortality 
in Europe in 2006. Ann Oncol 2007; 18: 581–592.  doi:10.1093/
annonc/mdl498

[3] American Cancer Society: Cancer Facts and Figures. Atlanta, 
GA. Am. Cancer Soc; 2007

[4] CHARI ST. Detecting early pancreatic cancer: problems and 
prospects. Semin Oncol 2007; 34: 284–294.  doi:10.1053/
j.seminoncol.2007.05.005

[5] GODSLAND IF. Insulin resistance and hyperinsulinaemia in 
the development and progression of cancer. Clinical Science 
2010; 118: 315–332.  doi:10.1042/CS20090399

[6] LI D, MORRIS JS, LIU J, HASSAN, MM, DAY RS et al. Body 
Mass Index and Risk, Age of Onset, and Survival in Patients 
with Pancreatic Cancer. JAMA 2009; 301: 2553–2562.

[7] KRECHLER T, JACHYMOVA M, PAVLIKOVA M, VECKA 
M, ZEMAN M et al. Polymorphism -23HPhI in the promoter 
of insulin gene and pancreatic cancer: A pilot study. Neo-
plasma 2009; 56: 26–32.  doi:10.4149/neo_2009_01_26

[8] PANNALA R, BASU A, PETERSEN GM, CHARI ST. New-
onset diabetes: a potential clue to the early diagnosis of 
pancreatic cancer. Lancet Oncol 2009; 10: 88–95.  doi:10.1016/
S1470-2045(08)70337-1

[9] PANNALA R, LEIRNESS JB, BAMLET WR, BASU A, PE-
TERSEN GM et al. Prevalence and clinical profile of pancreatic
cancer-associated diabetes mellitus. Gastroenterology 2008; 
134: 981–987.  doi:10.1053/j.gastro.2008.01.039

http://dx.doi.org/10.1093/annonc/mdl498
http://dx.doi.org/10.1093/annonc/mdl498
http://dx.doi.org/10.1053/j.seminoncol.2007.05.005
http://dx.doi.org/10.1053/j.seminoncol.2007.05.005
http://dx.doi.org/10.1042/CS20090399
http://dx.doi.org/10.4149/neo_2009_01_26
http://dx.doi.org/10.1016/S1470-2045%2808%2970337-1
http://dx.doi.org/10.1016/S1470-2045%2808%2970337-1
http://dx.doi.org/10.1053/j.gastro.2008.01.039


63LEPTIN AND ADIPONECTIN IN PANCREATIC CANCER

[10] LANG K AND RATKE J. Leptin and Adiponectin: new 
players in the field of tumor cell and leukocyte migration.
Cell Communication Signal 2009; 7: 27.  doi:10.1186/1478-
811X-7-27

[11] MINOKOSHI Y, ALQUIER T, FURUKAWA N, KIM YB, LEE 
A et al. AMP-kinase regulates food intake by responding to 
hormonal and nutrient signals in the hypothalamus. Nature 
2004; 428: 569–574.  doi:10.1038/nature02440

[12] HUANG L AND LI C. Leptin: a multifunctional hormone. 
Cell Research 2000; 10: 81–92.  doi:10.1038/sj.cr.7290038

[13] BADO A, LEVASSEUR S, ATTOUB S, KERMORGANT S, 
LAIGNEAU JP et al. The stomach is a source of leptin. Nature
1998; 394: 790–793.  doi:10.1038/29547

[14] BARATTA M. Leptin-from a signal of adiposity to a hormone 
mediator in peripheral tissues. Med Sci Monit 2002; 8: 
RA282–92.

[15] MEIER U AND GRESSNER AM. Endocrine Regulation 
of Energy Metabolism: Review of Pathobiochemical and 
Clinical Chemical Aspects of Leptin, Ghrelin, Adiponec-
tin, and Resistin. Clinical Chemistry 2004; 50: 1511–1525.  
doi:10.1373/clinchem.2004.032482

[16] GAROFALO C AND SURMACZ E. Leptin and cancer. J Cell 
Physiol 2006; 207: 12–22.  doi:10.1002/jcp.20472

[17] HOTTA K, FUNAHASHI T, ARITA Y, TAKAHASHI M, 
MATSUDA M et al. Plasma concentrations of a novel, 
adipose-specific protein, adiponectin, in type 2 diabetic 
patients. Arterioscler Thromb Vasc Biol 2000; 20: 1595–
1599.

[18] WEYER C, FUNAHASHI T, TANAKA S, HOTTA K, MAT-
SUZAWA Y et al. Hypoadiponectinemia in obesity and type 2 
diabetes: close association with insulin resistance and hyper-
insulinemia. J Clin Endocrinol Metab 2001; 86: 1930–1935.  
doi:10.1210/jc.86.5.1930

[19] BARB D, WILLIAMS CJ, NEUWIRTH AK, MANTZOROS 
CS. Adiponectin in relation to malignancies: a review of exist-
ing basic research and clinical evidence. Am J Clin Nutr 2007; 
86(suppl): 858S–866S.

[20] DALAMAGA M, MIGDALIS I, FARGNOLI JL, PAPADAVID 
E, BLOOM E et al. Pancreatic cancer expresses adiponectin 
receptors and is associated with hypoleptinemia and hyper-
adiponectinemia: a case–control study Cancer Causes Control 
2009; 20: 625–633.  doi:10.1007/s10552-008-9273-z

[21] ALBERTI KGM and ZIMMET PZ. Definition, diagnosis and
classification of diabetes mellitus and its complications. Part
1: diagnosis and classification of diabetes mellitus. Provi-
sional Report of a WHO Consultation. Diabet Med 1998; 15: 
539–553.  doi:10.1002/(SICI)1096-9136(199807)15:7<539::
AID-DIA668>3.0.CO;2-S

[22] AJCC Cancer staging Handbook. The 6th edition, New York:
Springer Verlag 2002.

[23] ROSE DP, KOMNINOU D, STEPHENSON GD. Obes-
ity, adipocytokines, and insulin resistance in breast cancer. 
Obesity Reviews 2004; 5: 153–165.  doi:10.1111/j.1467-
789X.2004.00142.x

[24] SHARMA D, SAXENA NK, VERTINO PM, ANANIA FA. 
Leptin promotes the proliferative response and invasiveness 
in human endometrial cancer cells by activating multiple 

signal-transduction pathways. Endocr Relat Cancer 2006; 13: 
629–640.  doi:10.1677/erc.1.01169

[25] SOMASUNDAR P, FRANKENBERRY KA, SKINNER, H. 
VEDULA G, MCFADDEN DW et al. Prostate cancer cell 
proliferation is influenced by leptin. J Surg Res 2004; 118:
71–82.  doi:10.1016/j.jss.2004.01.017

[26] TESSITORE L, VIZIO B, JENKINS O, DE STEFANO I, 
RITOSSA C et al. Leptin expression in colorectal and breast 
cancer patients. Int J Mol Med 2000; 5: 421–426.

[27] ARPACI F, YILMAZ MI, OZET A, AYTA H, OZTURK B, et 
al. Low serum leptin level in colon cancer patients without 
significant weight loss. Tumori 2002; 88: 147–149.

[28] BOLUKBAS FF, KILIC H, BOLUKBAS C, GUMUS M, 
HOROZ M et al. Serum leptin concentration and advanced 
gastrointestinal cancers: a case controlled study. BMC Cancer 
2004; 4: 29.  doi:10.1186/1471-2407-4-29

[29] BROWN DR, BERKOWITZ DE, BRESLOW MJ. Weight 
loss is not associated with hyperleptinemia in humans with 
pancreatic cancer. J Clin Endocrinol Metab 2001; 86: 162–166.  
doi:10.1210/jc.86.1.162

[30] BARBER MD, MCMILLAN DC, WALLACE AM, ROSS 
JA, PRESTON T et al. The response of leptin, interleukin-
6 and fat oxidation to feeding in weight-losing patients 
with pancreatic cancer. Br J Cancer 2004; 90: 1129–1132.  
doi:10.1038/sj.bjc.6601712

[31] CHANG MC, CHANG YT, SU TC, YANG WS, CHEN CL et 
al. Adiponectin as a potential differential marker to distinguish
pancreatic cancer and chronic pancreatitis. Pancreas 2007; 35: 
16–21.  doi:10.1097/MPA.0b013e3180547709

[32] STOLZENBERG-SOLOMON RZ, PIETINEN P, TAYLOR PR, 
VIRTAMO J, ALBANES D. A prospective study of medical 
conditions, anthropometry, physical activity, and pancreatic 
cancer in male smokers (Finland). Cancer Causes Control 
2002; 13: 417–426.  doi:10.1023/A:1015729615148

[33] Mitri J, Castillo J, PITTAS AG. Diabetes and risk of Non-Hodg-
kin‘s lymphoma: a meta-analysis of observational studies. 
Diabetes Care 2008; 31: 2391–2397.  doi:10.2337/dc08-1034

[34] PETRIDOU ET, SERGENTANIS TN, DESSYPRIS N, 
VLACHANTONI IT, TSELENI-BALAFOUTA S et al. Serum 
Adiponectin As a Predictor of Childhood Non-Hodgkin’s 
Lymphoma: A Nationwide Case-Control Study. J Clin Oncol 
2009; 27: 5049–5055.  doi:10.1200/JCO.2008.19.7525

[35] BELLONE G, TURLETTI A, ARTUSIO E, MARESCHI K, 
CARBONE A et al. Tumor-Associated Transforming Growth 
Factor-b and Interleukin-10 Contribute to a Systemic Th2
Immune Phenotype in Pancreatic Carcinoma Patients. Am J 
Pathol 1999; 155: 537–547.

[36] WOLF I, SADETZKI S, KANETY H, KUNDEL Y, PARIENTE 
C et al. Adiponectin, ghrelin, and leptin in cancer cachexia in 
breast and colon cancer patients. Cancer 2006; 106: 966–973.  
doi:10.1002/cncr.21690

[37] GARCEA G, DENNISON AR, STEWARD WP, BERRY DP. 
Role of inflammation in pancreatic carcinogenesis and the im-
plications for future therapy. Pancreatology 2005; 5: 514–529.  
doi:10.1159/000087493

[38] NKHATA KJ, RAY A, SCHUSTER TF, GROSSMANN ME, 
CLEARY MP. Effects of adiponectin and leptin co-treatment

http://dx.doi.org/10.1186/1478-811X-7-27
http://dx.doi.org/10.1186/1478-811X-7-27
http://dx.doi.org/10.1038/nature02440
http://dx.doi.org/10.1038/sj.cr.7290038
http://dx.doi.org/10.1038/29547
http://dx.doi.org/10.1373/clinchem.2004.032482
http://dx.doi.org/10.1002/jcp.20472
http://dx.doi.org/10.1210/jc.86.5.1930
http://dx.doi.org/10.1007/s10552-008-9273-z
http://dx.doi.org/10.1002/%28SICI%291096-9136%28199807%2915:7%3C539::AID-DIA668%3E3.0.CO;2-S
http://dx.doi.org/10.1002/%28SICI%291096-9136%28199807%2915:7%3C539::AID-DIA668%3E3.0.CO;2-S
http://dx.doi.org/10.1111/j.1467-789X.2004.00142.x
http://dx.doi.org/10.1111/j.1467-789X.2004.00142.x
http://dx.doi.org/10.1677/erc.1.01169
http://dx.doi.org/10.1016/j.jss.2004.01.017
http://dx.doi.org/10.1186/1471-2407-4-29
http://dx.doi.org/10.1210/jc.86.1.162
http://dx.doi.org/10.1038/sj.bjc.6601712
http://dx.doi.org/10.1097/MPA.0b013e3180547709
http://dx.doi.org/10.1023/A:1015729615148
http://dx.doi.org/10.2337/dc08-1034
http://dx.doi.org/10.1200/JCO.2008.19.7525
http://dx.doi.org/10.1002/cncr.21690
http://dx.doi.org/10.1159/000087493


64 T. KRECHLER, M. ZEMAN, M. VECKA, J. MACASEK, M. JACHYMOVA, T. ZIMA, A. ZAK

on human breast cancer growth. Oncology Rep 2009; 21: 
1611–1619.

[39] CHEN DC, CHUNG YF, YEH YT, CHAUNG HC, KOU FC 
et al. Serum adiponectin and leptin levels in Taiwanese breast 
cancer patients. Cancer Lett 2006; 237: 109–114.  doi:10.1016/
j.canlet.2005.05.047

[40] YAMAJI T, IWASAKI M, SASAZUKI S, TSUGANE S. Interac-
tion between Adiponectin and Leptin Influences the Risk of
Colorectal Adenoma. Endocrine Abstracts 2007; 14: P136.

[41] INOUE M, MAEHATA E, YANO M, TANIYAMA M, SU-
ZUKI S. Correlation between the adiponectin-leptin ratio 

and parameters of insulin resistance in patients with type 2 
diabetes. Metabolism Clin Exp 2005; 54: 281–286.

[42] NORATA GD, RASELLI S, GRIGORE L, GARLASCHELLI 
K, DOZIO E et al. Leptin: Adiponectin ratio is an independ-
ent predictor of intima media thickness of the common 
carotid artery. Stroke 2007; 38: 2844–2846.  doi:10.1161/
STROKEAHA.107.485540

[43] ZEMAN M, JIRAK R, JACHYMOVA M, VECKA M, TVR-
ZICKA E et al. Leptin, adiponectin, leptin to adiponectin ratio 
and insulin resistance in depressive women. Neuroendocrinol 
Lett 2009; 30: 387–395.

http://dx.doi.org/10.1016/j.canlet.2005.05.047
http://dx.doi.org/10.1016/j.canlet.2005.05.047
http://dx.doi.org/10.1161/STROKEAHA.107.485540
http://dx.doi.org/10.1161/STROKEAHA.107.485540

