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ABSTRACT

The incidence and number of deaths caused by pancreatic tumours have been gradually rising, while the
incidence and mortality of other common cancers have been declining. Risk factors for this malignant
disease include cigarette smoking, family history of chronic pancreatitis, advancing age, male sex, diabetes
mellitus, obesity, non-0 blood group, a high-fat diet, alcohol consumption and possibly Helicobacter pylori
and hepatitis B virus infections. Metabolic diseases have become the leading cause of death in many countries.
Our paper serves as a focused and updated discussion about the development of novel preventive strategies
for this deadly disease.
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Abbreviations. ARE: antioxidant response element; COX-2: cyclooxygenase-2; IGFs: insulin-like growth
factors; IGF1R: IGF-1 receptor; MetS: metabolic syndrome; NAFLD: non-alcoholic fatty liver disease;
NAFPD: non-alcoholic fatty pancreas disease; NASH: non-alcoholic steatohepatitis; NASP: non-alcoholic
steatopancreatitis; PPARY : peroxisome proliferator-activated receptor y; PPARs: peroxisome proliferator-

activated receptors.

INTRODUCTION

Pancreatic cancer is a
devastating disease characterized
by an increased incidence
in western industrialized
countries, an extremely poor
median survival of 4-6 months
after diagnosis [1] and limited
therapeutic options [2]. The
incidence and number of
deaths caused by pancreatic
tumours have been gradually
rising, although incidence and
mortality of other common
cancers have been declining [3].
The inability to detect pancreatic
carcinoma at an early stage, its
aggressiveness, and the lack of
effective systemic therapy are
responsible for the rapid death
of pancreatic carcinoma patients

[4]. Clearly, novel approaches to human pancreatic carcinoma
therapy are needed. Recently, it was shown that PPARy ligands
such as antidiabetic thiazolidinediones (e.g. pioglitazone and
rosiglitazone) inhibit the growth of pancreatic carcinoma both
in vitro and in vivo [4]. Suppression of tumor angiogenesis
may be one of the mechanisms by which PPARy activation
inhibits the growth of pancreatic carcinoma [4]. In addition,
antidiabetic thiazolidinediones may also induce ductal
differentiation but not apoptosis in pancreatic cancer cells
[5]. Risk factors for this malignant disease include cigarette
smoking, family history of chronic pancreatitis, advancing
age, male sex, diabetes mellitus, obesity, non-0 blood group,
high-fat diet, diets high in meat and low in vegetables and folate
content, and possibly Helicobacter pylori and hepatitis B virus
infections, alcohol consumption and periodontal disease [6-
13]. In the modern era, where overnutrition is more common
than starvation, metabolic diseases have become the leading
cause of death in the United States and in many other countries.
The globalization of certain fast foods and soft drinks may, in
part, be contributing to this epidemic [14].

Metabolic syndrome (MetS) is a complex of interrelated
conditions including central obesity, hypertension,
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hyperglycemia, dyslipidemia, insulin resistance and diabetes
[15]. It is estimated that approximately 25% of the world’s
population has MetS. In the United States, MetS is more
common in men and Hispanics and its incidence increases with
age [16]. Importantly, MetS increases the risk of developing
cardiovascular disease and type 2 diabetes mellitus [16]. In
addition, there is a growing interest in a potential etiological
role for MetS in the development of cancer [17]. Various studies
have shown that most components of MetS may independently
or in combination increase the risk for developing certain types
of cancer [18], such as liver, endometrial, renal cell, breast,
prostate and colon cancer [19-25].

METABOLIC SYNDROME

Evidence that obesity is linked to pancreatic cancer is
increasing [26]. As pancreatic steatosis is related to obesity,
non-alcoholic fatty pancreas disease (NAFPD) has been
hypothesized to be involved in the development of pancreatic
cancer [27]. NAFPD has also been suggested to cause pancreatic
cancer via non-alcoholic steatopancreatitis (NASP), a concept
analogous to non-alcoholic fatty liver disease (NAFLD), which
can cause hepatic cancer via non-alcoholic steatohepatitis
(NASH) and hepatic cirrhosis. In summary, it appears that
pancreatic inflammation associated with obesity (pancreatic
steatosis) and substantial pancreatic fibrosis, making this
organ more susceptible to pancreatitis, may increase the risk
of pancreatic cancer [28]. Interestingly, positive associations
between pancreatic cancer and more elements of the syndrome,
including abdominal obesity, hyperinsulinemia and elevated
serum glucose level have also been reported [29-31]. Another
important Italian record-linkage study including 43 pancreatic
cancer cases reported an overall standardized incidence ratio
of 1.62 (confidence interval [CI], 1.17-2.18) for subjects with
a combined therapy of hypolipemiant, antihypertensive and
hypoglycaemic drugs [32] also found a relative risk (RR) of
pancreatic cancer of 1.80 (95%CI, 0.94-3.45) in 41 overweight
female cases with at least three MetS components, but found
no relation in men. With reference to the other factors in MetS,
i.e. hypercholesterolemia and hypertension, various studies
found no significant relations, consistent with the overall
epidemiological evidence [33-36]. In addition to increasing the
prevalence of chronic diseases, diabetes is another independent
risk factor for the development of pancreatic cancer. However,
it is debated whether diabetes is a causal risk factor or, on the
contrary, pancreatic cancer causes diabetes [37]. Huxley et
al [38] found a two-fold increase of pancreatic cancer risk in
diabetics, in accordance with a meta-analysis published in
2005 giving a relative risk (RR) of 1.82 (95% CI, 1.66-1.89) in
patients with type 2 diabetes [39]. Another Italian case-control
study, including overall 688 pancreatic cancer cases and 2204
controls, found an odds ratios (OR) of pancreatic cancer of
2.74 (95% CI, 2.04-3.67), with a stronger association for a
more recent diagnosis of diabetes; but the association persisted
for at least 10 years before pancreatic cancer diagnosis [40].
A meta-analysis including three cohort studies and one case-
control study, found a mean RR of 1.55 (95% CI, 1.19-2.01)
for subjects with MetS [39].
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DIABETES AND INSULIN RESISTANCE

It was recently reported by Li D [37] that the mechanism
of the association between diabetes and pancreatic cancer
is elusive but is known to include metabolic, hormonal
and immunological alterations that influence tumor
growth. Importantly, insulin resistance and compensatory
hyperinsulinemia as well as elevated levels of circulating
insulin-like growth factors [IGFs) are perhaps the most
hypothesized mechanisms underlying the association
between type 2 diabetes mellitus and pancreatic cancer [41].
Experimental evidence suggests that insulin is a growth-
promoting hormone with mitogenic effects [42]. Insulin
promotes cell proliferation and increases glucose use, both of
which being important to tumor development and progression
[43, 44]. Furthermore, insulin upregulates the bioavailability
of IGFs by reducing the hepatic production of IGF-binding
proteins [42, 43]. The mitogenic and antiapoptotic activities
of IGF-1 are more potent than those of insulin and may act
as growth stimuli in cells expressing insulin and the IGF-1
receptor (IGF1R) [37, 41]. Importantly, IGF-1 and IGF1R
are highly expressed in pancreatic cancer cells [45] and IGF-
1-mediated signalling transduction increases proliferation,
invasion and expression of angiogenesis mediators and
decreases apoptosis in pancreatic cancer cells [46-48]. Data
from animal studies also indicate that the islet cell turnover,
which is associated with insulin resistance, is critical for
pancreatic carcinogenesis [37]. For example, in hamsters,
stimulation of islet cell proliferation, enhanced pancreatic
ductal carcinogenesis [49], and destruction of islet cells by
treatment with streptozotocin or alloxan inhibited pancreatic
cancer induction [50, 51].

HYPOADIPONECTINEMIA

Another possible mechanism includes the effect of
adiponectin, a protein secreted by adipocytes. Interestingly,
adiponectin levels are lower in diabetics and are negatively
related with plasma glucose and insulin concentration,
although it is not clear whether this is a cause or a consequence
of insulin resistance [52]. Moreover, hypoadiponectinemia may
be considered an independent risk factor for hypertension and
also has been associated with an atherosclerotic lipid profile,
as it is an independent predictor of high-density-lipoproteins
[52, 53]. Therefore, low adiponectin levels are a common
characteristic of MetS components. Moreover, adiponectin
has been shown to inhibit endothelial cell proliferation and
migration [54] and has been involved in the etiology of several
cancers [55, 56], particularly pancreatic cancer [57].

CIRCADIAN DISRUPTION

Animportantaspect to consider in pancreatic carcinogenesis
is the role of the circadian clock. It is thought to be an important
regulator of metabolism and disruption of this clock has
been implicated in various pathologies, ranging from obesity,
diabetes and MetS to cancer such as pancreatic cancer [58, 59].
Interestingly, MetS has been reported to be associated with a
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flattening of molecular clock rhythms in peripheral tissues and
with nighttime eating. The relationship between metabolism
and the clock is not unidirectional and the two processes are
intertwined [60]. One common clinical condition suggestive
of interactions between circadian rhythms and metabolism in
humans is that of shift work. Numerous reports have indicated
that shift workers have a higher incidence of diabetes, obesity,
and cardiovascular events [61, 62], although the mechanism
underlying this association is uncertain. Recently, Scheer et
al [63] tested the impact of forced circadian misalignment
(a simulation of shift work) on neuroendocrine control of
glucose metabolism and energetics. Specifically, in participants
subjected to circadian misalignment, the authors observed
hypoleptinemia, insulin resistance, inverted cortisol rhythms
and increased blood pressure. It is also interesting to note
that patients with diabetes exhibit dampened amplitude of
rhythms of glucose tolerance and insulin secretion [64]. Thus,
the relationship between circadian disruption and metabolic
pathologies appears to be bidirectional in humans, suggesting
that circadian disruption may lead to a vicious cycle and
contribute to the augmentation and progression of metabolic
disease. Other studies have also demonstrated that shift
workers have a higher incidence of several cancers including
pancreatic cancer [58, 65]. Collectively, these findings are
consistent with the idea that the disruption of either the
circadian clock or metabolism can lead to derangement of the
other, thus predisposing to metabolic disorders such as obesity
and type 2 diabetes as well as cancer [56, 58, 65].

ANTIOXIDANTS

Recent research also suggests that the intake of several
dietary antioxidants (e.g., coenzyme Q, vitamin C and E,
selenium) and phytochemicals (e.g., ellagic acid, curcumin,
lycopene, epigallocatechin gallate, and resveratrol) that are
present in fruit, vegetables, herbs and medicinal plants can
prevent cardiovascular abnormalities, neurodegeneration and
pancreatic carcinogenesis [66-68]. These phytochemicals not
only have direct antioxidant properties but also activate cellular
stress response pathways through the induction of kinases and
transcription factors, leading to the expression of antioxidants
and phase II enzymes [69]. For example, activation of the
Nrf2 transcription factor/antioxidant response element
(ARE) pathway by these phytochemicals plays a role of great
importance in the constitutive and inducible expression of
cytoprotective enzymes capable of dramatically influencing
susceptibility to carcinogenesis and other degenerative
pathologies [69-71]. Interestingly, many herbal or dietary
plants also contain several bioactive terpenoids, which can
modulate the activities of ligand-dependent transcription
factors, namely peroxisome proliferator-activated receptors
(PPARs) [72]. Because PPARs are dietary lipid sensors that
control energy homeostasis, daily eating of these terpenoids
might be useful for the management for obesity-induced
metabolic disorders such as type 2 diabetes, hyperlipidemia,
insulin resistance implicated in the development of pancreatic
cancer [73, 74]. However, the hormetic effect of these
phytochemicals must be considered, because at low doses
they have stimulatory effects but are toxic at higher doses

[75]. Scientific evidence also indicates that omega-3 fatty
acids may be an effective therapy for the chemoprevention and
treatment of human pancreatic cancer [76]. Specifically, the
authors provided evidence that omega-3 polyunsaturated fatty
acids suppress pancreatic cancer cell growth in vitro and in
vivo through downregulation of Wnt/Beta-catenin signalling.
Other reports also suggest that omega-3 fatty acids may act as
selective cyclooxygenase-2 (COX-2) inhibitors and therefore
help to reduce prostaglandin synthesis (e.g., PGE2), restore
apoptosis and inhibit cancer cell proliferation [77-80]. Finally,
Kunnumakkara et al [81] have suggested that y-tocotrienol
(y-3), a novel unsaturated form of vitamin E can inhibit the
growth of human pancreatic tumors and sensitize them to
gemcitabine by suppressing NF-kB-mediated inflammatory
pathway linked to tumorigenesis. In summary, these findings
suggest that treatment of MetS begins with therapeutic lifestyle
changes and then pharmacological treatment of the syndrome’s
individual components. A dietary pattern that includes more
vegetables, fruits, whole grains, monounsaturated fats and
omega-3 fatty acids and low fatty dairy products and foods
with high glycemic load is associated with a lower prevalence
of MetS [16, 77].

CONCLUSION

Several studies indicate that the presence of MetS or a
greater number of MetS components are associated with a
significantly higher risk for all-cause cancer mortality, as
well as pancreatic cancer mortality. Interestingly, the key
component of MetS in pancreatic carcinogenesis appears
to be diabetes. Improved understanding of the pathological
mechanisms shared by diabetes and pancreatic cancer would
be the key to the development of novel preventive and
therapeutic strategies for this deadly disease.

Conflicts of interest. No conflict to declare.

Authors” contribution. A.G. contributed to the conception of the
study, A.C. and E.E. to data analysis and manuscript drafting, M.Ga.,
G.A. and M.ET. to manuscript revision for important intellectual
contents, M.Gr. and A.A. to data acquisition and critical revisions for
important intellectual contents. M.M. contributed to conception and
design of the study, and offered methodological advice.

REFERENCES

1. Li]J, Podoltsev N, Saif MW. Management of advanced pancreatic cancer.
Expert Rev Clin Pharmacol 2009;2:527-541.

2. Warshaw AL, Fernandez-del Castillo C. Pancreatic carcinoma. N Engl
] Med 1992;326:455-465.

3. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M. Pancreatic
cancer. Lancet 2011;378:607-620.

4. Dong YW, Wang XP, Wu K. Suppression of pancreatic carcinoma
growth by activating peroxisome proliferator-activated receptor gamma
involves angiogenesis inhibition. World J Gastroenterol 2009;15:441-
448.

5. Ceni E, Mello T, Tarocchi M, et al. Antidiabetic thiazolidinediones
induce ductal differentiation but not apoptosis in pancreatic cancer
cells. World ] Gastroenterol 2005;11:1122-1130.

] Gastrointestin Liver Dis, March 2014 Vol. 23 No 1: 73-77



76

Giudice et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Raimondi S, Maisonneuve P, Lowenfels AB. Epidemiology of pancreatic
cancer: an overview. Nat Rev Gastroenterol Hepatol 2009;6:699-708.
Klein AP, Brune KA, Petersen GM, et al. Prospective risk of pancreatic
cancer in familial pancreatic cancer kindreds. Cancer Res 2004;64:2634-
2638.

Ojajarvi IA, Partanen TJ, Ahlbom A, et al. Occupational exposures and
pancreatic cancer: a meta-analysis. Occup Environ Med 2000;57:316-
324.

Hassan MM, Bondy ML, Wolff RA, et al. Risk factors for pancreatic
cancer: case-control study. Am ] Gastroenterol 2007;102:2696-2707.
Iloeje UH, Yang HI, Jen CL, et al. Risk of pancreatic cancer in chronic
hepatitis B virus infection: data from the REVEAL-HBV cohort study.
Liver Int 2010;30:423-429.

Bosetti C, Gallus S, Talamini R, et al. Artificial sweeteners and the risk of
gastric, pancreatic, and endometrial cancers in Italy. Cancer Epidemiol
Biomarkers Prev 2009;18:2235-2238.

Bosetti C, Rosato V, Polesel J, et al. Diabetes mellitus and cancer risk
in a network of case-control studies. Nutr Cancer 2012;64:643-651.
Bidoli E, Pelucchi C, Zucchetto A, et al. Fiber intake and pancreatic
cancer risk: a case-control study. Ann Oncol 2012;23:264-268.

Pitt HA. Hepato-pancreato-biliary fat: the good, the bad and the ugly.
HPB (Oxford) 2007;9:92-97.

Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention; National Heart,
Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International
Association for the Study of Obesity. Circulation 2009;120:1640-1645.
Prasad H, Ryan DA, Celzo MF, Stapleton D. Metabolic syndrome:
definition and therapeutic implications. Postgrad Med 2012;124:21-30.
Cowey S, Hardy RW. The metabolic syndrome: A high-risk state for
cancer? Am J Pathol 2006;169:1505-1522.

Pelucchi C, Serraino D, Negri E, et al. The metabolic syndrome and risk
of prostate cancer in Italy. Ann Epidemiol 2011;21:835-841.

Turati F, Talamini R, Pelucchi C, et al. Metabolic syndrome and
hepatocellular carcinoma risk. Br ] Cancer 2013;108:222-228.
Montella M, Crispo A, Giudice A. HCC, diet and metabolic factors:
Diet and HCC. Hepat Mon 2011;11:159-162.

Rosato V, Bosetti C, Talamini R, et al. Metabolic syndrome and the risk
of breast cancer in postmenopausal women. Ann Oncol 2011;22:2687-
2692.

Rosato V, Zucchetto A, Bosetti C, et al. Metabolic syndrome and
endometrial cancer risk. Ann Oncol 2011;22:884-889.

Pelucchi C, Negri E, Talamini R, et al. Metabolic syndrome is associated
with colorectal cancer in men. Eur ] Cancer 2010;46:1866-1872.

Calle EE, Rodriguez C, Walker-Thurmond K, Thun M]. Overweight,
obesity, and mortality from cancer in a prospectively studied cohort of
U.S. adults. N Engl ] Med 2003;348:1625-1638.

Friedenreich CM. Review of anthropometric factors and breast cancer
risk. Eur J Cancer Prev 2001;10:15-32.

Bracci PM. Obesity and pancreatic cancer: overview of epidemiologic
evidence and biologic mechanisms. Mol Carcinog 2012;51:53-63.
Mathur A, Marine M, Lu D, et al. Nonalcoholic fatty pancreas disease.
HPB (Oxford) 2007;9:312-318.

Patel AV, Rodriguez C, Bernstein L, Chao A, Thun M], Calle EE. Obesity,
recreational physical activity, and risk of pancreatic cancer in a large
U.S. Cohort. Cancer Epidemiol Biomarkers Prev 2005;14:459-466.
Berrington de Gonzalez A, Spencer EA, Bueno-de-Mesquita HB, et

al. Anthropometry, physical activity, and the risk of pancreatic cancer

] Gastrointestin Liver Dis, March 2014 Vol. 23 No 1: 73-77

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

in the European prospective investigation into cancer and nutrition.
Cancer Epidemiol Biomarkers Prev 2006;15:879-885.
Stolzenberg-Solomon RZ, Graubard BI, Chari S, et al. Insulin, glucose,
insulin resistance, and pancreatic cancer in male smokers. JAMA
2005;294:2872-2878.

Stattin P, Bjor O, Ferrari P, et al. Prospective study of hyperglycemia
and cancer risk. Diabetes Care 2007;30:561-567.

Russo A, Autelitano M, Bisanti L. Metabolic syndrome and cancer risk.
Eur ] Cancer 2008;44:293-297.

Inoue M, Noda M, Kurahashi N, et al. Impact of metabolic factors on
subsequent cancer risk: results from a large-scale population-based
cohort study in Japan. Eur ] Cancer Prev 2009;18:240-247.

Batty GD, Kivimaki M, Morrison D, et al. Risk factors for pancreatic
cancer mortality: extended follow-up of the original Whitehall Study.
Cancer Epidemiol Biomarkers Prev 2009;18:673-675.
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.

Borena W, Stocks T, Jonsson H, et al. Serum triglycerides and cancer
risk in the metabolic syndrome and cancer (Me-Can) collaborative
study. Cancer Causes Control 2011;22:291-299.

Li D. Diabetes and pancreatic cancer. Mol Carcinog 2012;51:64-74.
Huxley R, Ansary-Moghaddam A, Berrington de Gonzalez A, Barzi F,
Woodward M. Type-II diabetes and pancreatic cancer: a meta-analysis
of 36 studies. Br ] Cancer 2005;92:2076-2083.

Rosato V, Tavani A, Bosetti C, et al. Metabolic syndrome and pancreatic
cancer risk: a case-control study in Italy and meta-analysis. Metabolism
2011;60:1372-1378.

Lipworth L, Zucchetto A, Bosetti C, et al. Diabetes mellitus, other
medical conditions and pancreatic cancer: a case-control study. Diabetes
Metab Res Rev 2011;27:255-261.

Ding XZ, Fehsenfeld DM, Murphy LO, Permert J, Adrian TE.
Physiological concentrations of insulin augment pancreatic cancer
cell proliferation and glucose utilization by activating MAP kinase, PI3
kinase and enhancing GLUT-1 expression. Pancreas 2000;21:310-320.
Ooi GT, Tseng LY, Tran MQ, Rechler MM. Insulin rapidly decreases
insulin-like growth factor-binding protein-1 gene transcription in
streptozotocin-diabetic rats. Mol Endocrinol 1992;6:2219-2228.
Powell DR, Suwanichkul A, Cubbage ML, DePaolis LA, Snuggs MB, Lee
PD. Insulin inhibits transcription of the human gene for insulin-like
growth factor-binding protein-1. ] Biol Chem 1991;266:18868-18876.
Donohoe CL, Doyle SL, Reynolds JV. Visceral adiposity, insulin
resistance and cancer risk. Diabetol Metab Syndr 2011;3:12.
Bergmann U, Funatomi H, Yokoyama M, Beger HG, Korc M. Insulin-like
growth factor I overexpression in human pancreatic cancer: evidence
for autocrine and paracrine roles. Cancer Res 1995;55:2007-2011.
Ohmura E, Okada M, Onoda N, et al. Insulin-like growth factor I and
transforming growth factor alpha as autocrine growth factors in human
pancreatic cancer cell growth. Cancer Res 1990;50:103-107.
Stoeltzing O, Liu W, Reinmuth N, et al. Regulation of hypoxia-inducible
factor-1lalpha, vascular endothelial growth factor, and angiogenesis
by an insulin-like growth factor-I receptor autocrine loop in human
pancreatic cancer. Am J Pathol 2003;163:1001-1011.

Zeng H, Datta K, Neid M, Li J, Parangi S, Mukhopadhyay D.
Requirement of different signaling pathways mediated by insulin-like
growth factor-I receptor for proliferation, invasion, and VPF/VEGF
expression in a pancreatic carcinoma cell line. Biochem Biophys Res
Commun 2003;302:46-55.



Metabolic syndrome and pancreatic cancer

77

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Pour PM, Kazakoff K. Stimulation of islet cell proliferation enhances
pancreatic ductal carcinogenesis in the hamster model. Am ] Pathol
1996;149:1017-1025.

Pour PM, Donnelly K, Stepan K. Modification of pancreatic
carcinogenesis in the hamster model. 3. Inhibitory effect of alloxan.
Am ] Pathol 1983;110:310-314.

Pour PM, Patil K. Modification of pancreatic carcinogenesis in
the hamster model. X. Effect of streptozotocin. ] Natl Cancer Inst
1983;71:1059-1065.

Brochu-Gaudreau K, Rehfeldt C, Blouin R, Bordignon V, Murphy BD,
Palin ME Adiponectin action from head to toe. Endocrine 2010;37:11-32.
Okada T, Saito E, Kuromori Y, et al. Relationship between serum
adiponectin level and lipid composition in each lipoprotein fraction
in adolescent children. Atherosclerosis 2006;188:179-183.
Brékenhielm E, Veitonmiki N, Cao R, et al. Adiponectin-induced
antiangiogenesis and antitumor activity involve caspase-mediated
endothelial cell apoptosis. Proc Natl Acad Sci U S A 2004;101:2476-2481.
Mantzoros C, Petridou E, Dessypris N, et al. Adiponectin and breast
cancer risk. ] Clin Endocrinol Metab 2004;89:1102-1107.

Dal Maso L, Augustin LS, Karalis A, et al. Circulating adiponectin and
endometrial cancer risk. ] Clin Endocrinol Metab 2004;89:1160-1163.
Dalamaga M, Migdalis I, Fargnoli JL, et al. Pancreatic cancer expresses
adiponectin receptors and is associated with hypoleptinemia and
hyperadiponectinemia: a case-control study. Cancer Causes Control
2009;20:625-633.

Dallmann R, Viola AU, Tarokh L, Cajochen C, Brown SA. The human
circadian metabolome. Proc Natl Acad Sci U S A 2012;109:2625-2629.
Filipski E, Li XM, Lévi E Disruption of circadian coordination and
malignant growth. Cancer Causes Control 2006;17:509-514.

Asher G, Schibler U. Crosstalk between components of circadian and
metabolic cycles in mammals. Cell Metab 2011;13:125-137.

Bass J, Takahashi JS. Circadian integration of metabolism and energetics.
Science 2010;330:1349-1354.

Spiegel K, Tasali E, Leproult R, Van Cauter E. Effects of poor and short
sleep on glucose metabolism and obesity risk. Nat Rev Endocrinol
2009;5:253-261.

Scheer FA, Hilton ME, Mantzoros CS, Shea SA. Adverse metabolic and
cardiovascular consequences of circadian misalignment. Proc Natl Acad
Sci U S A 2009;106:4453-4458.

Boden G, Chen X, Polansky M. Disruption of circadian insulin secretion
is associated with reduced glucose uptake in first-degree relatives of
patients with type 2 diabetes. Diabetes 1999;48:2182-2188.
Pogue-Geile KL, Lyons-Weiler J, Whitcomb DC. Molecular overlap
of fly circadian rhythms and human pancreatic cancer. Cancer Lett
2006;243:55-57.

Johnson LJ, Meacham SL, Kruskall LJ. The antioxidants--vitamin C,

vitamin E, selenium, and carotenoids. ] Agromedicine 2003;9:65-82.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Hoffmann J, Junker H, Schmieder A, et al. EGCG downregulates IL-1RI
expression and suppresses IL-1-induced tumorigenic factors in human
pancreatic adenocarcinoma cells. Biochem Pharmacol 2011;82:1153-
1162.

Zhou JH, Cheng HY, Yu ZQ, He DW, Pan Z, Yang DT. Resveratrol
induces apoptosis in pancreatic cancer cells. Chin Med J (Engl)
2011;124:1695-1699.

Giudice A, Arra C, Turco MC. Review of molecular mechanisms
involved in the activation of the Nrf2-ARE signaling pathway by
chemopreventive agents. Methods Mol Biol 2010;647:37-74.

Nguyen T, Sherratt PJ, Pickett CB. Regulatory mechanisms controlling
gene expression mediated by the antioxidant response element. Annu
Rev Pharmacol Toxicol 2003;43:233-260.

Talalay P, Dinkova-Kostova AT, Holtzclaw WD. Importance of phase
2 gene regulation in protection against electrophile and reactive
oxygen toxicity and carcinogenesis. Adv Enzyme Regul 2003;43:121-
134.

Mo H, Elson CE. Apoptosis and cell-cycle arrest in human and murine
tumor cells are initiated by isoprenoids. ] Nutr 1999;129:804-813.
Elson CE, Underbakke GL, Hanson P, Shrago E, Wainberg RH, Qureshi
AA. Impact of lemongrass oil, an essential oil, on serum cholesterol.
Lipids 1989;24:677-679.

Burke YD, Stark MJ, Roach SL, Sen SE, Crowell PL. Inhibition of
pancreatic cancer growth by the dietary isoprenoids farnesol and
geraniol. Lipids 1997;32:151-156.

Son TG, Camandola S, Mattson MP. Hormetic dietary phytochemicals.
Neuromolecular Med 2008;10:236-246.

Song K§, Jing K, Kim JS, et al. Omega-3-polyunsaturated fatty
acids suppress pancreatic cancer cell growth in vitro and in vivo
via downregulation of Wnt/Beta-catenin signaling. Pancreatology
2011;11:574-584.

Gong Z, Holly EA, Wang F, Chan JM, Bracci PM. Intake of fatty
acids and antioxidants and pancreatic cancer in a large population-
based case-control study in the San Francisco Bay Area. Int ] Cancer
2010;127:1893-1904.

Wendel M, Heller AR. Anticancer actions of omega-3 fatty acids--
current state and future perspectives. Anticancer Agents Med Chem
2009;9:457-470.

Spencer L, Mann C, Metcalfe M, et al. The effect of omega-3 FAs on
tumour angiogenesis and their therapeutic potential. Eur ] Cancer
2009;45:2077-2086.

Saif MW. Novel drug targets based on association between inflammation
and pancreatic ductal adenocarcinoma. JOP 2010;11:403-404.
Kunnumakkara AB, Sung B, Ravindran J, et al. {Gamma}-tocotrienol
inhibits pancreatic tumors and sensitizes them to gemcitabine treatment
by modulating the inflammatory microenvironment. Cancer Res
2010;70:8695-8705.

] Gastrointestin Liver Dis, March 2014 Vol. 23 No 1: 73-77



