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Background: Leptin is an adipocyte-derived neurohormone, high levels of which are found in obese individuals.
Leptin controls energy expenditure, acting in the brain, and regulates different processes in peripheral organs.
Recent studies have suggested that leptin may be involved in cancer development and progression.
Aims: To analyse leptin expression in human colorectal cancer as well as in colorectal mucosa and colorectal
adenomas.
Methods: Leptin expression was assessed by immunohistochemistry in 166 colorectal cancers, 101 samples
of colorectal mucosa and 41 adenomas. Leptin concentration in colorectal cancer was correlated with
selected clinicopathological features.
Results: Immunoreactivity for leptin was observed in 51.2% (85/166) of primary colorectal cancers. In
adenomas leptin expression was observed in 14.6% (6/41) of studied cases. In normal mucosa, leptin was
present at low levels, except in tumour bordering areas where its concentration appeared to reflect levels in
the adjacent cancer tissue. Leptin expression in colorectal cancer significantly correlated with tumour G2
grade (p = 0.002) as well as with histological type (adenocarcinoma) of tumours (p = 0.044).
Conclusions: Results indicate that leptin is overexpressed in human colorectal cancer, which suggests that the
hormone might contribute to colorectal cancer development and progression.

L
eptin, the product of the ob (obese) gene, is a 16-kDa
peptide cytokine; it plays a central role in mammalian
feeding behaviour and energy expenditure.1 In addition to

its neurohormonal action in the brain, the cytokine is involved
in numerous processes in peripheral organs. Although leptin is
produced mainly by the adipose tissue, its expression has also
been detected in other tissues, including the digestive tract.2–7

In humans, leptin levels are proportional to body mass index
and are raised in obese individuals.8 Since obesity is known to
increase the risk of certain cancers, much effort has been
directed at elucidating the possible role of leptin in cancer
development.9 10 Several in vitro studies showed that leptin can
act as a mitogenic, antiapoptotic and tumourigenic factor for
different cancer cell lines.11–14 Data obtained with clinical
samples suggested that leptin and its receptor (ObR) are
expressed in cancer tissues; thus the leptin system might
promote cancer progression in an autocrine and paracrine
manner.15–19 Our latest results with breast cancer samples
showed that leptin and ObR are overexpressed in tumour tissue
with respect to non-tumour tissue. Furthermore, we have
shown that in breast cancer cells, leptin and ObR expression
can be induced by obesity-related stimuli: oestrogens, insulin-
like growth factors and hypoxia.18

Previous studies have suggested that paracrine and autocrine
leptin might regulate diverse gastric epithelial cell functions.7 For
instance, leptin appears to control local inflammatory responses
and might prevent gastric ulcer formation by increasing the
activities of the cyclo-oxygenase and nitric oxide pathways and by
enhancing mucus secretion.20–22 In human colonic goblet-like
HT29-MTX cells, leptin increased mucin secretion by the
activation of protein kinase C (PKC) and phosphatidylinositol
3-kinase (PI-3K)-dependent pathways.23

Studies in cellular models suggested involvement of leptin in
colorectal carcinogenesis. For example, leptin stimulated the
proliferation and migration of normal intestinal epithelial cells
and colorectal cancer cells, and exerted antiapoptotic properties
in HT-29 cells.11 12 14 In different colorectal cancer cell lines

(HT-29, LoVo, Caco2, SW 480), leptin treatment activated the
mitogen-activated protein kinase (MAPK) and PI-3K pathways,
and induced DNA synthesis.11–13 Hong et al found leptin
expression in gastric adenocarcinomas and suggested a
pathophysiological role in carcinogenesis.24 Additionally, leptin
mRNA expression was detected in normal mucosa, polyps and
colorectal adenocarcinomas.11

The involvement of endocrine leptin in gastric cancer develop-
ment is still controversial. For instance, Liu et al postulated that a
high fat diet might promote carcinogenesis by increasing
circulating leptin levels.25 In that study on rats, high concentra-
tions of serum leptin corresponded to increased colonic cell
proliferation, c-fos protein expression and aberrant crypt foci.25

Similarly, Stattin et al observed that high serum leptin levels in
patients correlated with increased risk of colon, but not rectal,
cancer.26 However, in another study, there was no evidence of
increased serum leptin levels in patients with colorectal cancer.27

Moreover, Bolukbas et al observed a significantly lower serum
leptin concentration in the gastrointestinal cancer group com-
pared with controls.28 Similarly, general hyperleptinaemia did not
enhance the development of intestinal adenomas and did not
promote the growth of human cancer xenografts in nude mice.13

In another study, leptin reduced the development of preneoplastic
aberrant crypt foci, which were induced by colon carcinogens in
the rat colonic epithelium.29

These data suggest that further studies are required to
explain the potential role of leptin in the pathogenesis of
colorectal cancer. Because the concentration of local leptin in
colorectal cancer has never been investigated, we investigated
whether leptin is expressed in colorectal tumours, and whether
its levels correlate with tumour progression and other
clinicopathological parameters.

MATERIALS AND METHODS
Tissue samples
The expression of leptin was assessed in colorectal mucosa,
colorectal adenomas and colorectal cancer. Tissue samples were
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obtained from 166 patients (88 men and 78 women) who
underwent surgical resection because of colon (87 cases) and
rectal (79 cases) carcinomas. Immediately after excision, tissue
samples were fixed in 10% buffered formaldehyde solution,
embedded in paraffin blocks at 56 C̊ and stained with H&E. The
protocol of the present study was reviewed and approved by the
local ethical committee.

Colorectal mucosa
A total of 101 samples of colorectal mucosa were analysed: 28
were from the surgical resection margin and 73 directly
bordered (within 1.0 cm) on colorectal tumours.

Adenomas
A total of 41 samples of adenomas were studied, including
samples from low to high grade of dysplasia.

Colorectal cancer samples
A total of 166 colorectal cancer samples were analysed: 141
adenocarcinomas and 25 mucinous adenocarcinomas. Within
all cancer samples, 118 were G2 grade and 48 cases were G3
grade; 3 tumours were in pT1 stage, 14 in pT2 stage, 128 in pT3
stage and 21 in pT4 stage. For statistical analyses, because of
both clinical staging and the relatively small number of pT1,
pT2 and pT4 cases, the samples were divided into two groups,
pT1 + pT2 and pT3 + pT4. Involved lymph nodes at the time of
diagnosis were present in 84 of 166 (50.6%) patients. The age of
patients ranged from 35 to 92 years (mean 65.6 years).

Immunohistochemistry
Leptin expression was analysed by immunohistochemistry in
5 mm tissue sections obtained from tissue samples using
previously described methodology.18 After antigen unmasking
and endogenous peroxidase removal, non-specific binding was
blocked by incubating the slides for 1 h with 1.5% normal
serum in phosphate-buffered saline. The sections were then
incubated with an anti-leptin rabbit polyclonal antibody A-20
(Santa Cruz Biotechnology, Santa Cruz, California, USA) at
dilution 1:100. Antibody–antigen reaction was revealed with
avidin–biotin–peroxidase complex (ABC Staining System,
Santa Cruz, California, USA); the slides were then counter-
stained with haematoxylin. Specimens previously classified by
us as positive for the expression of leptin were used as a positive
control.18 In negative controls, the leptin antibody was omitted.
The expression of leptin was analysed by light microscopy in 10
different section fields and the mean percentage of tumour cells
displaying positive staining was scored. The expression of leptin
in cancer samples was classified using a 3-point scale: 0, ,10%
cells with positive staining; 1+, 10–50% cells with positive
staining; 2+, .50% cells with positive staining. The expression
of leptin in adenomas and colorectal mucosa was classified as
negative (,5% of positive cells) or positive (.5% positive cells).

Statistical analysis
The associations of leptin with clinicopathological features were
evaluated using the x2 test. Values of p,0.05 were taken as
statistically significant.

RESULTS
Leptin expression in colorectal mucosa
Leptin was absent from all 28 studied sections of normal
colorectal mucosa from the surgical resection margin (at a
distance at least 10 cm from tumour). However, in several
cases, colorectal mucosa directly bordering on colorectal
tumours (within 1 cm) showed leptin immunoreactivity. The
concentration of leptin in the bordering mucosa appeared to
reflect the level of leptin expression in the adjacent cancer

tissue (fig 1). In mucosa bordering on leptin-negative colorectal
tumours, focal expression of leptin was found in only 5 out of
40 cases (12.5%) (mainly at the luminal surface) (table 1). In
cases of cancers expressing leptin at 1+ or 2+ levels, leptin was
more often expressed in the bordering colorectal mucosa (in
20% and 23.1%, respectively), in all parts (superficial and basal)
of the colorectal crypts (table 1).

Leptin expression in adenomas
The frequency and intensity of leptin immunostaining in
tubular, villous and tubulovillous adenomas of different
degrees of dysplasia were similar, therefore all cases were
treated as one group of adenomas. Of the 41 adenomas, 20
(48.8%) were negative for leptin expression, while leptin
expression was detected in 21 (51.2%) (fig 1). In 15 of these
latter sections, leptin was expressed in ,50% of colorectal
epithelial cells; however in 6 cases, it was found in .50% of
cells.

Leptin expression in colorectal cancers
Positive leptin expression was detected in 51.2% (85/166) of
primary colorectal cancers. In 33.7% (56/166) of studied cases,
leptin immunostaining was classified as 1+, while high (2+)
leptin expression was found in 17.5% (29/166) of colorectal
cancer cases (fig 1). The expression of leptin was undetectable
in the control samples when immunostaining was performed
with the omission of the primary antibody.

Associations of leptin with clinicopathological features
Analysis of associations revealed a statistically significant
relationship between leptin expression in colorectal cancer
and tumour differentiation (table 2). Leptin was expressed
significantly less in tumours in grade G3 of histological
differentiation than in grade G2 (p = 0.002; table 2). A
statistically significant weak association was observed between
leptin expression and histological type of tumours (p = 0.044;
table 2). The expression of leptin did not correlate significantly
with age, sex of patients, tumour localisation or lymph node
involvement (table 2).

DISCUSSION
Epidemiological data have suggested that obesity is a risk factor
for colon cancer development25 26; however, possible molecular
mechanisms underlying this phenomenon remain unclear. In
this context, several recent studies examined the link between
the obesity hormone leptin and colorectal cancer. The in vitro
work clearly suggested that colorectal cancer cells can express
leptin receptors and respond to leptin with the activation of
downstream signalling pathways and subsequent induction of
DNA synthesis, cell proliferation, migration and invasion.11–14

However, studies using animal models as well as epidemiolo-
gical data yielded controversial results, which noted either a
positive or a negative correlation between serum leptin levels
and colorectal cancer (or colorectal cancer risk). Additionally,
some reports indicated that circulating leptin has no association
with colorectal cancer.26–28 30

Previous work of our and other laboratories suggested that
local, rather then endocrine, leptin might play a significant role
in breast tumourigenesis. Specifically, both leptin and ObR
(mRNA and protein) were found in breast tumours, indicating
that leptin could influence cancer cells through autocrine or
paracrine mechanisms.15 17 18 Importantly, the levels of leptin
and ObR were significantly raised in breast cancer cells relative
to normal mammary epithelial cells, and this overexpression
appeared to be induced by obesity-related stimuli.18

Until now, the expression of leptin protein in colorectal
cancer has not been investigated. In the current
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immunohistochemistry study we showed that, similarly to breast
tumours, leptin is overexpressed in human colorectal cancers
relative to colorectal mucosa. Our results suggested a progressive
increase in leptin expression during colorectal carcinogenesis.
Weak or undetectable leptin immunostaining was observed in
colorectal mucosa, while higher leptin levels were found in tissues
adjacent to colorectal cancer. We also noted decreased leptin
expression in poorly differentiated (G3) tumours relative to better
differentiated (G2) tumours. Interestingly, downregulation of
leptin expression in less differentiated tumours was also observed
by other authors in gastric adenocarcinomas, which could indicate
a trend for silencing leptin expression during dedifferentiation of
gastric cancers.24
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Figure 1 Immunohistochemical detection of leptin expression in colorectal mucosa, adenoma and colorectal cancer. Cytoplasmic leptin expression, mainly
at the luminal surface, in colorectal mucosa (A). Weak, focal leptin expression in all parts of colorectal crypts in colorectal mucosa adjacent to cancer tissue
expressing leptin at 1+ level (B and C). Focal leptin expression in a few epithelial cells of colorectal adenoma (D). Strong leptin immunoreactivity is present in
colorectal cancer in grade G2 of histological differentiation (E), while significantly lower immunostaining can be seen in G3 tumours (F). Original
magnification: 2006 (A, C, D, E. F); 1006 (B).

Table 1 Leptin expression in normal colorectal
mucosa directly bordering on colorectal tumours

Colorectal mucosa

Adjacent cancerNegative (n) Positive (n)

35 5* 0
16 4 1+
3 10 2+

n, number of cases in each staining category.
*Focal expression only; bordering normal tissue was within
1.0 cm of cancer tissue.
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The molecular mechanism responsible for leptin overexpres-
sion in colorectal cancer is presently unknown; however, we
speculate that it could be related to local hypoxia in cancer
tissue. Indeed, in several cellular systems, including breast
cancer cells, leptin mRNA expression is induced by hypoxia,
and the leptin gene promoter is regulated by hypoxia-inducible
factor-1a (HIF-1a).18 31 32 Our preliminary analysis of colorectal
cancer tissues suggested that, similar to leptin, HIF-1a was
significantly associated with the G2 grade tumours (data not
shown).

In summary, our study is the first to evaluate leptin protein
expression in a relatively high number of samples of normal
mucosa and colorectal cancer. Other investigators described
leptin mRNA in normal mucosa, polyps and colorectal
adenocarcinomas, but they did not quantify leptin protein
expression and its correlation with cancer progression.11 Our
results suggest that in normal epithelium and colorectal

adenomas leptin expression is relatively weak, but the hormone
is overproduced in colorectal cancer. We postulate that this
overabundance of local leptin might contribute to colorectal
cancer growth and progression.
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