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           Introduction 

 Leptin is one of the best known adipocytokines. 
Successful cloning of the leptin gene was fi rst 
reported in 1994 [ 1 ]. Since then it has become an 
important target of study by researchers interested 
in understanding the biological basis for the 
strong association between obesity and many can-
cers. Some of the cancers associated with obesity 
include colon cancer [ 2 – 5 ], breast cancer [ 6 ], 
endometrial cancer [ 7 ,  8 ], esophageal adenocarci-
noma [ 9 – 12 ], kidney cancer [ 13 – 17 ], leukemia 
[ 18 ], melanoma [ 19 – 23 ], multiple myeloma [ 24 ], 
non-Hodgkin’s lymphoma [ 25 – 28 ], pancreatic 
cancer [ 29 – 32 ], prostate cancer [ 33 ,  34 ]  rectal 
cancer [ 35 ,  36 ] and thyroid cancer [ 37 – 40 ]. The 
most strongly associated cancers with obesity in 
men are esophageal adenocarcinoma, thyroid 
cancer, colon cancer, and kidney cancer [ 41 ]. In 
women, the cancers most strongly associated with 
obesity are endometrial cancer, esophageal ade-
nocarcinoma, and kidney cancer [ 41 ]. There is 
increasing evidence indicating that high circulat-
ing leptin levels characteristic of obesity may 
be promoting the development and progression 
of many of these obesity-associated cancers. 

Some of the observational and laboratory-based 
mechanistic data will be discussed in later sections 
of this chapter. The discussion will be particularly 
focused on the role of leptin in the development 
and progression of esophageal adenocarcinoma 
and colon cancer, although Table  13.1  summarizes 
the main cancer types where increased leptin and 
leptin receptor expression have been reported. The 
current state of scientifi c knowledge regarding 
how leptin regulates signal transduction and the 
cell cycle to promote carcinogenesis will be 
described. The main molecular mechanisms 
underlying the role of leptin in carcinogenesis are 
listed in Table  13.2 . For completion, it must be 
mentioned that there are other adipocytokines that 
may regulate carcinogenesis. These include adipo-
nectin, resistin, chemerin, collagenous repeat-
containing sequence of 26 kDa protein (CORS-26), 
omentin, and visfatin [ 42 – 44 ].

       Leptin and Esophageal 
Adenocarcinoma 

 Esophageal adenocarcinoma is one of two types of 
esophageal cancer. The more common type of 
esophageal cancer is esophageal squamous cell 
carcinoma. However, the incidence of esophageal 
squamous cell carcinoma has been decreasing 
whereas the incidence of esophageal adenocarci-
noma (EAC) has been rapidly increasing  worldwide 
[ 45 ]. This has especially been the case in the west-
ern world [ 45 ]. In fact, some researchers feel that 
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the incidence of EAC worldwide is rising faster 
than that of any other solid cancer. 

 As mentioned above, there is a very strong 
association between obesity and esophageal ade-
nocarcinoma. One of the earlier well-performed 
studies in this area was done in Sweden. The 
study showed that the odds ratio between obese 
persons (those with body mass index (BMI) 
greater than 30 kg/m 2 ) as compared to the leanest 
persons (individuals with BMI less than 22 kg/
m 2 ) was 16.2 [ 46 ]. Around the same time, a group 
of researchers in the USA conducted a population- 
based case–control study of 589 patients of 
esophageal and gastric adenocarcinoma and 695 
healthy control volunteers. After adjusting for 
age, sex, race, and cigarette smoking, they found 
that the odds ratio for esophageal adenocarci-
noma for men in the highest quartile of BMI as 
compared to those in the lowest quartile was 3.0 
(95 % confi dence interval was 1.7–5.0) while the 
odds ratio for women in the highest quartile as 
compared to those in the lowest quartile was 2.6 
(95 % confi dence interval was 0.8–8.5) [ 47 ]. 
Many other studies performed since then have 
consistently showed that obesity is strongly asso-
ciated with EAC [ 9 ,  10 ,  12 ,  45 ,  48 ]. Some have 
suggested that the reason for this association is 
the increased incidence of gastro-esophageal 

refl ux disease (GERD) among obese people and 
that increased GERD leads to increased Barrett’s 
esophagus (BE) and consequently increased 
EAC. It should be noted, however, that the asso-
ciation between obesity and EAC is stronger than 
that between GERD and EAC [ 46 ,  49 ]. Obesity 
is, therefore, a direct risk factor for EAC indepen-
dent of GERD [ 50 ]. Consequently, it is very 

   Table 13.1    Cancers associated with increased leptin and 
leptin receptor expression   

 Cancer type 
discussed 

 Leptin 
expression 

 Leptin receptor 
expression 

 Esophageal 
adenocarcinoma 

 Yes  Yes 

 Colon cancer  Yes  Yes 
 Breast cancer  Yes  Yes 
 Endometrial cancer  Yes  Yes 
 Kidney cancer  Yes  Yes 
 Leukemia  Yes  Yes 
 Melanoma  Yes  Yes 
 Multiple Myeloma  Yes  Yes 
 Non-Hodgkin’s 
Lymphoma 

 Yes  Yes 

 Pancreatic cancer  No  No 
 Prostate cancer  Yes  Yes 
 Thyroid cancer  Yes  Yes 
 Ovarian  Yes  Yes 

   Table 13.2    Mechanisms of leptin action in cancer   

 Mechanism  Cancer type discussed 

 Cell proliferation  Esophageal 
adenocarcinoma (EAC), 
colon cancer, ovarian 
cancer, thyroid cancer 

 Inhibition of apoptosis  EAC, colon cancer, 
thyroid cancer 

 Motility  Colon cancer 
 Migration  EAC 
 Invasiveness  Colon cancer 
 Extracellular signal- regulated 
kinase (ERK) 

 EAC 

 p38 mitogen-activated protein 
kinase (p38 MAPK) 

 EAC 

 c-Jun NH 2 -terminal kinase 
(JNK) 

 EAC 

 Akt  EAC 
 Janus kinase 2 (JAK2)  EAC 
 Signal transducer and 
activation of transcription 3 
(STAT3) 

 EAC 

 Cyclooxygenase-2 (COX-2)  EAC 
 Prostaglandin E-2 (PGE2)  EAC 
 Epidermal growth factor 
receptor (EGFR) 

 EAC 

 Increased cell population in 
the S phase of the cell cycle 

 Ovarian cancer, 
endometrial cancer 

 Increased cell population in 
the G2/M phase of the cell 
cycle 

 Ovarian cancer 

 Decreased cell population in 
the G0/G1 phase of the cell 
cycle 

 Endometrial cancer 

 Cyclin D1-dependent cell 
cycle progression 

 Thyroid cancer 

 Downregulation of p21  Thyroid cancer 
 Upregulation of cyclin D, 
cyclin G, cyclin-dependent 
kinase 2, p27, p21, and p16 

 Breast cancer 

 Downregulation of 
transforming growth factor 
beta (TGFβ) 

 Breast cancer 
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likely that there is a more direct link between 
obesity and EAC. 

 Adipocytokines are dysregulated in obesity 
and are known to exert effects on a wide variety 
of peripheral tissues [ 51 – 53 ]. Therefore, any or a 
combination of adipocytokines may provide a 
direct biological link between obesity and 
EAC. Leptin is a very strong candidate for this 
role because serum leptin concentrations corre-
late with percentage body mass and BMI [ 51 ,  54 ]. 
Consequently, many researchers have specifi -
cally investigated the direct role of leptin in the 
development and progression of many cancers. 
Although only few studies have specifi cally 
investigated EAC, their results have been clear 
and consistent. 

 In 2003, Somasundar et al. reported that leptin 
stimulated the proliferation of two different EAC 
cell lines but they were not able to detect an anti- 
apoptotic effect using their experimental 
approach [ 55 ]. However, 3 years later and work-
ing with a different EAC cell line, Ogunwobi 
et al. showed very clearly that leptin stimulated 
proliferation of an EAC cell line in a dose- 
dependent manner [ 56 ]. They were also able to 
detect an anti-apoptotic effect for leptin on the 
EAC cells. More importantly, they elucidated a 
cascade of intracellular signaling mechanisms 
via which leptin stimulates proliferation and 
inhibits apoptosis of EAC cells. Their studies 
showed that leptin stimulation resulted in the 
activation of cyclooxygenase-2 (COX-2) and 
prostaglandin E2 (PGE2) production in a manner 
dependent upon activation of extracellular signal- 
regulated kinase (ERK), p38 mitogen-activated 
protein kinase (MAPK), phosphatidylinositol 
3′-kinase (PI3K)/Akt, and janus kinase (JAK) 2. 
They also showed that the PGE2 produced was 
subsequently involved in the transactivation of the 
epidermal growth factor receptor and c-Jun amino 
terminal kinase (JNK) [ 56 ]. It is noteworthy that 
all of the signaling pathways activated by leptin 
in the Ogunwobi et al. study have been shown by 
multiple studies and research groups to be impor-
tant in the development and progression of EAC 
[ 57 – 59 ]. Furthermore, the leptin receptor is 
expressed in the OE33 EAC cell line used in the 
Ogunwobi et al. study. Moreover, leptin receptor 

expression has been demonstrated throughout the 
mouse gastrointestinal epithelium including the 
esophagus [ 60 ]. More importantly, leptin recep-
tor expression has been demonstrated in the epi-
thelium of the human lower esophagus [ 61 ] and it 
has been shown to increase as the lower esopha-
gus changes from normal to Barrett’s esophagus 
and fi nally to development of EAC [ 62 ]. 

 Mention should also be made of data that sug-
gest that hyperleptinemia in obesity likely coop-
erates with GERD in contributing to the 
development and progression of EAC. Beales 
et al. investigated the combined effects of acid 
and leptin exposure on EAC cells [ 63 ]. They 
found that there was a positive synergistic effect 
on proliferation and inhibition of apoptosis [ 63 ]. 
Additionally, these effects were via synergistic 
activation of the epidermal growth factor receptor 
(EGFR) and ERK [ 63 ]. 

 Taken together, these studies provide a strong 
basis for concluding that increased circulating 
leptin in obese people may play a direct role in 
the increased incidence and progression of EAC 
in obesity.  

   Leptin and Colon Cancer 

 The role of leptin as a direct promoter of colon 
cancer is also clear. Expression of the leptin 
receptor in the epithelium of the human colon 
was described by Hardwick et al. in their 2001 
publication [ 64 ]. In that paper, they also demon-
strated that treatment of mice with leptin resulted 
in signifi cant increase in colonic epithelial cell 
proliferation [ 64 ]. More recently, Koda and col-
leagues reported that leptin is overexpressed in 
human colon cancer [ 65 ]. Multiple research 
groups have independently demonstrated that 
leptin is able to promote proliferation, motility, 
invasiveness, and inhibit apoptosis of colonic 
epithelial cells by activation of a complex cas-
cade of intracellular signaling mechanisms that 
have all been implicated in the development of 
human colon cancer [ 64 ,  66 – 69 ]. It is noteworthy 
that many of the intracellular signaling mecha-
nisms activated by leptin in esophageal epithelial 
cells are also activated by leptin in colonic 
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 epithelial cells. However, one striking difference 
is that whereas leptin-induced proliferation is 
dependent on activation of the COX-2 pathway in 
esophageal epithelial cells [ 56 ], in colonic epi-
thelial cells leptin is able to potently induce pro-
liferation and inhibit apoptosis independent of 
activation of COX-2 [ 67 ]. 

 The epidemiologic data supporting leptin’s 
role in the promotion of colon cancer is also com-
pelling. In Stattin et al’s 2003 Sweden-based 
case–control study, they measured the 
 prediagnostic plasma leptin levels of 75 men, 93 
women, and 327 control volunteers. They per-
formed statistical analysis using logistic regres-
sion and found that plasma leptin was associated 
with increased risk of colon cancer in men. The 
odds ratio (OR) between the highest and lowest 
quartiles was 1.96 (95 % confi dence interval (CI) 
was 0.72–5.29) [ 70 ]. Subsequently, in 2005 
Tamakoshi and colleagues performed a separate 
case–control study in Japan where they found an 
association between plasma leptin and colon can-
cer risk in women. Their study assessed 58 colon 
cancer patients and 145 colon cancer-free volun-
teers matched for study area and age. They also 
used logistic regression for their statistical analy-
sis. In addition, however, they also accounted for 
BMI, life-style factors, reproductive factors, and 
insulin-like growth factor and its binding protein. 
Their analysis revealed that the ORs of female 
colorectal cancer risk for the second and third 
quintiles combined and the fourth and fi fth quin-
tiles combined relative to the fi rst quintile were 
1.40 (95 % CI was 0.41–4.78) and 4.84 (95 % CI 
was 1.29–18.1) respectively [ 71 ]. Around the 
same time, Stattin and colleagues reported a 
case–control study they performed in Norway 
wherein they analyzed serum levels of leptin in 
cryopreserved prediagnostic sera of 235 men 
with colon cancer and 378 control volunteers 
matched for age and date of blood collection. 
This time they performed logistic regression 
analysis and their data showed about a threefold 
increase in the risk of colon cancer associated 
with increasing concentrations of leptin. The 
odds ratio between the lowest and highest quar-
tiles was up to 2.72 (95 % CI was 1.44–5.12);  p  
(trend) was 0.008 [ 72 ]. 

 Consequently, there is compelling evidence 
that circulating leptin concentrations correlate 
with colon cancer risk and that leptin directly 
promotes colon cancer.  

   Leptin and Cell Cycle in Cancer 

 Dysregulation of the cell cycle is undoubtedly a 
fundamental factor in the development and pro-
gression of cancer. This is especially the case 
with the uncontrolled proliferation and the 
genetic alterations that are characteristic of can-
cer cells (reviewed in [ 73 ]). It is, therefore, not 
surprising that the role of leptin in promoting 
many cancers often involves dysregulation of the 
cell cycle. 

 Consider a few examples. In an ovarian cancer 
study that used leptin receptor-expressing 
OVCAR-3 ovarian cancer cells, leptin was found 
to stimulate proliferation by upregulating cell 
cycle progression genes and suppressing cell 
cycle inhibitor genes. The authors also reported 
that leptin promoted cell cycle progression, as 
demonstrated by an increased cell population in 
both the S and G2/M phases [ 74 ]. In a separate 
study that used a mouse model of spontaneous 
thyroid cancer, consumption of a high-fat diet 
resulted in the development of obesity and ele-
vated serum leptin levels. This in turn resulted in 
increased speed of tumor growth and reduced sur-
vival. Interestingly, thyroid tumor cell prolifera-
tion was increased via cyclin D1-dependent cell 
cycle progression [ 38 ]. Also, in an endometrial 
cancer model, leptin exposure reduced the num-
ber of cells in the G0/G1 phase while increasing 
the number of cells in the S-phase of the cell 
cycle. These regulatory effects on the cell cycle 
were also associated with differential regulation 
of cyclin D1 and the cyclin-dependent kinase 
inhibitor, p21: there was upregulation of cyclin 
D1 and downregulation of p21 [ 75 ]. Furthermore, 
in a separate study using the MCF-7 human breast 
cancer cell line, leptin treatment led to upregula-
tion of the cell cycle genes cyclin D, cyclin G, 
cyclin-dependent kinase 2, p27, p21, and p16 as 
well as downregulation of the cell cycle sup-
pressor, transforming growth factor beta [ 76 ]. 
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The authors of the study further demonstrated that 
leptin down-regulates apoptosis- inducing genes 
and inhibits apoptosis. And they concluded that 
these tumorigenic effects of leptin in the MCF-7 
human breast cancer model are mediated in part 
via regulation of the cell cycle [ 76 ]. 

 The above examples clearly show that leptin is 
able to dysregulate the cell cycle to promote the 
development and progression of cancer.  

   Leptin and Adiponectin Cross-Talk 
to Regulate Carcinogenesis 

 As mentioned above, obesity is an established risk 
factor for many cancers. And it is characterized by 
hyperleptinemia and hypoadiponectinemia. It is, 
therefore, possible that either elevated serum 
leptin levels or reduced serum adiponectin levels 
may independently contribute to the development 
of obesity-associated cancers. In the previous sec-
tions of this chapter, compelling evidence indicat-
ing that leptin directly promotes development and 
progression of obesity-related cancers has been 
presented. It should be noted that there is also 
independent evidence that reduced circulating 
levels of adiponectin may contribute to the devel-
opment of obesity- associated cancers [ 77 – 80 ]. 
Nevertheless, it is most likely that a variety of 
molecular factors inter-play to regulate the devel-
opment and progression of cancers. Consequently, 
it is not surprising that there is increasing experi-
mental evidence that leptin and adiponectin cross-
talk to regulate the development and progression 
of obesity- associated cancers. 

 For example, using multiple cellular models of 
esophageal adenocarcinoma (EAC), Ogunwobi 
and Beales demonstrated that the globular form of 
adiponectin inhibited leptin-induced proliferation 
of EAC cells in a manner dependent on the adi-
poR1 receptor isoform and 5′-AMP-activated pro-
tein kinase [ 81 ]. In a more recent study of the 
OE33 esophageal adenocarcinoma model, Beales 
et al. further reported that the globular form of adi-
ponectin inhibited leptin-induced proliferation, 
migration, and anti- apoptosis via protein tyrosine 
phosphatase 1B-mediated downregulation of sig-
nal transducer and activator of transcription 3 

(STAT3) transcriptional activity [ 82 ]. Similar 
 fi ndings have been reported in other cancer types. 
A recent case–control study of 516 Chinese 
women specifi cally evaluated potential correlation 
between serum leptin and adiponectin levels with 
the presence of endometrial carcinoma. The study 
found that patients with endometrial carcinoma 
had higher serum leptin and lower serum adipo-
nectin concentrations than normal healthy volun-
teers. After adjusting for cholesterol, triglycerides, 
fasting insulin, serum glucose, BMI, and age, 
logistic regression analysis of their data revealed 
that high serum leptin concentration and low 
serum adiponectin concentration are both signifi -
cantly associated with endometrial carcinoma 
[ 83 ]. Data from the study by Jardé and colleagues 
published in 2009 are also very interesting [ 84 ]. 
They found that leptin mRNA expression in the 
MCF-7 breast cancer model was 34.7 times 
higher than adiponectin mRNA expression 
[ 84 ]. Furthermore, they found that adiponectin 
treatment resulted in loss of expression of leptin 
and its receptors whereas leptin treatment 
resulted in loss of expression of the adiponectin 
receptor, adipoR1 [ 84 ]. They also found that 
adiponectin treatment inhibited the prolifera-
tion of the MCF-7 breast cancer cells whereas 
leptin treatment stimulated their proliferation 
[ 84 ]. In addition, adiponectin inhibited leptin-
induced proliferation of the MCF-7 breast can-
cer cells [ 84 ]. 

 Consequently, there is epidemiological as well 
as experimental evidence suggesting that leptin 
likely is not the only adipocytokine regulating 
tumor development and progression. The role of 
leptin in cancer development and progression is 
probably dependent in ways not yet fully under-
stood on adiponectin activity.  

   Potential Clinical Impact 
of Understanding the Role of Leptin 
in Carcinogenesis 

 Understanding the pathophysiological role of 
leptin in cancer development and progression is 
undoubtedly important. It is especially important 
that we understand the molecular signaling 
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 mechanisms mediating leptin activity as it relates 
to cancer. This may reveal novel insights into can-
cer development and progression in general. More 
importantly, it is possible that some of these 
mechanisms may be exploitable for screening, 
diagnostic, therapeutic, or monitoring purposes. 

 The good news is that there is already indica-
tion that knowledge gained so far from researching 
the role of leptin in cancer may be useful clini-
cally. For example, a retrospective analysis of 
leptin and leptin receptor expression in normal 
lung tissue in comparison to non-small cell lung 
cancer tissue revealed that leptin expression sig-
nifi cantly affected survival time and that leptin 
expression is an independent prognostic factor in 
non-small cell lung cancer [ 85 ]. Also, a study of 
71 consecutive colon cancer patients that exam-
ined serum leptin and leptin receptor levels found 
that serum leptin and leptin receptor levels corre-
late with advanced tumor stage [ 86 ], thus indicat-
ing that information regarding serum leptin and 
tissue leptin receptor expression may be clinically 
useful in this setting. Data from breast cancer stud-
ies also suggest potential clinical usefulness in that 
setting. Several research groups have reported that 
leptin and leptin receptor expression may be useful 
as prognostic factors in breast cancer [ 87 ,  88 ]. 
Interestingly, there are even data suggesting that 
leptin levels may predict response or resistance to 
anti-estrogen therapy during breast cancer treat-
ment [ 89 ]. Also, in gastric cancer, there is evidence 
that leptin expression may be useful clinically as a 
prognostic factor [ 90 ]. 

 Therefore, there is real potential for the use of 
leptin or its receptor as clinical biomarkers. And 
our understanding of its pathophysiologic signal-
ing mechanisms in cancer may also lead to clini-
cal applications. Figure  13.1  summarizes the key 
signaling pathways that may be important in the 
role of leptin in carcinogenesis. These are also 
potential molecular targets that can be exploited 
for clinical applications.

      Contrarian Reports 

 There is, of course, some data (though fewer) that 
may suggest that leptin does not play a role or 
that it plays an anti-tumorigenic role in certain 

cancers. For example, a 2013 report of a case–
control study and meta-analysis of the associa-
tion between leptin and colorectal adenoma or 
colon cancer mentioned that there was a positive 
association of serum leptin with colorectal ade-
noma, but not colorectal cancer [ 91 ]. It should be 
noted, though, that even the authors of the report 
explicitly mentioned that there was signifi cant 
heterogeneity between the studies they analyzed 
and that there may have been multiple effect 
modifi ers [ 91 ]. Another 2013 report partly 
focused on the association between leptin and 
prostate cancer [ 92 ]. The authors used nested 
case–control methodology and utilized both con-
ditional and unconditional logistic regression for 
their analyses [ 92 ]. And they reported that there 
was no compelling evidence of an association 
between leptin and prostate cancer stage [ 92 ]. An 
earlier study that examined breast, esophageal, 
prostate, and pancreatic cancer cell lines found 
that the effects of leptin may be cell line specifi c. 
They found that whereas leptin had a prolifera-
tive effect on the breast, esophageal, and prostate 
cancer cell lines, it had an anti-proliferative effect 
on the pancreatic cancer cell lines [ 93 ]. More 
recently, it was reported that leptin exerted sig-
nifi cant anti-tumor effects in hepatocellular car-
cinoma [ 94 ]. In athymic nude mice implanted 
with Hep3B human hepatocellular carcinoma 
cells, leptin signifi cantly reduced tumor size and 
improved animal survival [ 94 ]. Furthermore, it 
was reported that leptin exerted anti-proliferative 
effects on the MDA-MB-231 breast cancer cell 
line via downregulation of protein kinase A [ 95 ]. 

 These reports, although not exhaustive, cer-
tainly indicate that in some organs or cell types 
leptin may not have a pro-carcinogenic role.  

   Conclusion 

 There is much more that can be said about the 
role of leptin in the cell cycle and cancer develop-
ment and progression. This chapter has, some-
what narrowly, focused on only some of the 
peer-reviewed scientifi c evidence that leptin does 
indeed play a role in cancer development and 
progression. As discussed in the previous section 
of this chapter, there is some data that may 
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 suggest that leptin does not play a role in certain 
cancers. Nevertheless, the evidence that leptin is 
an important player in carcinogenesis is compel-
ling and is very likely to continue to grow.     
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