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Abstract

The objective of the present study was to investigate the effect of leptin on the progression of colorectal carcinoma to

metastatic disease by analyzing the serum leptin concentration and Ob-R gene expression in colon cancer tissues. Tissue

samples were obtained from 31 patients who underwent surgical resection for colon (18 cases) and metastatic colon (13 cases)

cancer. Serum leptin concentration was determined by an enzyme-linked immunosorbent assay (ELISA) and Ob-R mRNA

expression by real-time polymerase chain reaction (RT-PCR) for both groups. ELISA data were analyzed by the Student t-test
and RT-PCR data were analyzed by the Mann-Whitney U-test. RT-PCR results demonstrated that mRNA expression of Ob-R

in human metastatic colorectal cancer was higher than in local colorectal cancer tissues. On the other hand, mean serum leptin

concentration was significantly higher in local colorectal cancer patients compared to patients with metastatic colorectal

cancer. The results of the present study suggest a role for leptin in the progression of colon cancer to metastatic disease

without weight loss. In other words, significantly increased Ob-R mRNA expression and decreased serum leptin concentration

in patients with metastatic colon cancer indicate that sensitization to leptin activity may be a major indicator of metastasis to the

colon tissue and the determination of leptin concentration and leptin gene expression may be used to aid the diagnosis.
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Introduction

Colorectal cancer (CRC) is a commonly diagnosed

cancer type. Adipose tissue dysfunction is likely to play a

role in the growth of CRC (1). Leptin, the product of the

ob/ob gene, is a 16-kDa protein and an adipose tissue-

derived secreted protein that has been implicated

primarily in the regulation of food intake as well as other

metabolic parameters (2). Leptin, a protein hormone,

promotes proliferation and differentiation of various cell

types and is closely related to the development of cancer.

Adipose tissue leptin mRNA and serum leptin concentra-

tion directly correlate with the amount of body fat, and

there are many lines of evidence indicating that leptin is a

signaling factor for the regulation of body weight (3). In

addition, several in vitro studies have reported that leptin

can act as a growth factor promoting the proliferation of

cells and angiogenesis, and also has antiapoptotic

tumorigenic effects on various cancer cell lines (1,3-7).

Available clinicopathological data suggest that leptin and

its receptor Ob-R are expressed in cancer tissues and the

binding of leptin to its receptor stimulates the proliferation

of CRC cells (8). Similarly, studies of cellular models have

also reported the involvement of leptin in colorectal

carcinogenesis. For example, the proliferation and migra-

tion of both normal intestinal epithelial cells and CRC cells

were stimulated by leptin (9).

Metastatic colorectal cancer (mCRC) is one of the

leading causes of cancer-related death worldwide (10). In

addition to CRC, mCRC is also commonly diagnosed. But,

to our knowledge, there are no studies investigating

serum leptin concentration and Ob-R mRNA expression in

CRC and mCRC tissues concurrently. We, therefore,

planned to analyze Ob-R mRNA expression by real-time

(RT)-PCR as well as to measure the serum leptin

concentration in both CRC and mCRC patients.
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It might be possible to improve the treatment and

survival outcomes of the patients by earlier detection of

CRC and particularly of mCRC by analyzing the Ob-R

mRNA in the tissue or biopsy material. Therefore, we

investigated leptin expression in human colorectal tissues

in the sequential tumorigenic process including CRC and

mCRC tissues.

Material and Methods

Study populations

The present study was approved by the Ethics

Committee of Eskisehir Osmangazi University for

Clinical Research (24/2009). Tissue specimens from 31

patients who underwent surgical resection for CRC (18

cases; 2 females, 16 males) and mCRC (13 cases; 3

females, 10 males) were collected within a 3-year period

(from May 2008 to November 2011) at the Department of

General Surgery, Hospital of Eskisehir Osmangazi

University, Eskisehir, Turkey. Median age at diagnosis

was 68 years (range: 46-81 years) for CRC subjects and

70.3 years (range: 58-85 years) for mCRC subjects. We

statistically compared CRC and mCRC groups in terms of

age, gender, body weight, height, and body mass index

differences, and of the presence of diabetes, hyperlipide-

mia and other malignant diseases. There were no

statistically significant differences in any of the clinical

characteristics analyzed between groups. The clinical

characteristics of the two patient groups are reported in

Table 1.

Tissue and serum samples

Immediately after excision, tissue samples were fixed

in RNAlaterH solution (Life Technologies, USA) for the

isolation of Ob-R mRNA gene expression. Blood samples

were obtained at the time of operation; serum samples

were obtained by centrifugation and stored at -806C.

RNA extraction and determination of Ob-R mRNA
levels by RT-PCR

The expression of Ob-R mRNA was examined in CRC

and mCRC tissues. The mRNA levels of Ob-R (sense: 59-

TGCACAGGAGCCAAGAGTGAA-3, anti-sense: 59-

TGCACAGGAGCCAAGAGTGAA-3) in relation to the

housekeeping gene, TATA-box binding protein (TBP)

gene (sense: 59-ATGCCACCAAACCTATG-39, anti-

sense: 59-GCTGTCTCATAATGTCCATTCG-39), were

determined by RT-PCR with TaqMan probes. RT-PCR

thermal cycling conditions were as follows: 5 min at 656C,

60 min at 376C for cDNA synthesis, 15 s at 956C, 30 s at

656C for 10 cycles, and 15 s at 726C. RT-PCR data were

collected using the Rotor-gene 6000 detection system.

Cycle threshold values were determined by automated

threshold analysis. Primer quality (lack of primer-dimer

amplification) was confirmed by melting curve analysis.

Relative quantification of gene expression was performed

using the standard curve method, constructed with serial

dilutions of control mRNA or RT-PCR amplicons. All

experiments were carried out in triplicate. Ob-R levels

were standardized with TBP (ratio, Ob-R/TBP) to account

for loading differences. Gene expression levels were

reported using the median as a point estimator and the

range of values.

Determination of serum leptin concentration by
ELISA

Serum leptin concentration was determined using a

commercially available human leptin ELISA kit

(DIAsource ImmunoAssay, Belgium). The sensitivity of

the assay was 0.04 ng/mL and inter-assay precision

(coefficient of variation) was in the range of 10.2 to 12.7%.

Statistical analysis

All statistical analyses were performed using SPSS

15.0 and SigmaStat 3.5. The descriptive statistisics are

reported as n (sample size), mean and standard deviation

for continuous variables and n (sample size), median and

25th and 75th percentiles for categorical variables.

Continuous normally distributed measurements were

compared across the groups by the t-test. In the

comparisons between the two groups, the continuous

variables that did not show normal distribution were

Table 1. Clinical characteristics of all participants of this study.

Means ± SD

Age

CRC 64.67 ± 10.42

mCRC 65.0 ± 10.10

Weight (kg)

CRC 68.00 ± 8.44

mCRC 73.00 ± 6.54

Height (cm)

CRC 165.00 ± 8.27

mCRC 164.67 ± 6.77

BMI (kg/m2)

CRC 24.9 ± 1.25

mCRC 26.98 ± 2.56

Diabetes mellitus

CRC -

mCRC -

Hyperlipidemia

CRC -

mCRC -

Metastasis

CRC -

mCRC Liver

Data for the CRC (n = 18) and mCRC (n = 13) groups were

compared by the t-test. There were no statistically significant

differences. CRC = colorectal cancer; mCRC = metastatic

colorectal cancer; BMI = body mass index.
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compared by the Mann-Whitney U-test. A P value less

than 0.05 (P , 0.05) was accepted as significant.

Results

mRNA expression of Ob-R in human mCRC was

significantly higher than in CRC tissues (P = 0.016). The

mean serum leptin concentration was significantly higher in

CRC patients compared to mCRC patients (P = 0.024).

Data for tissue leptin Ob-R mRNA expression and serum

leptin concentration are reported in Table 2.

Discussion

The present study is the first to demonstrate that

mRNA expression of Ob-R in human mCRC tissues is

higher than that of CRC tissues. On the other hand, serum

leptin concentration was significantly higher in CRC than

in mCRC patients.

Several in vitro studies have shown that leptin is a

mitogenic, antiapoptotic and tumorigenic factor for different

cancer cell lines (4-6). Koda et al. (9) showed that leptin

and Ob-R increase in tumoral tissue compared to non-

tumoral tissue in the breast and suggested that local, rather

than endocrine, leptin might play a significant role in breast

tumorigenesis. They also reported that leptin is over-

expressed in human CRC cases as determined by

immunohistochemistry and concluded that the hormone

might contribute to CRC development and progression (9).

Although CRC is a very common type of cancer

worldwide, a study comparing serum leptin concentration

and expression of leptin receptors in cancer tissue in

patients with CRC and mCRC has not been conducted

before. However, there are conflicting reports about the

role of leptin in the development of CRC. For example,

Arpaci et al. (11) studied only serum leptin concentrations

in patients with colon cancer and found them to be lower

compared to healthy subjects, whereas Liu et al. (12)

studied the effect of leptin on human colon cancer cell

(HT29) growth and also the relationship between serum

leptin concentration and colon cell proliferation. The

authors demonstrated that a high-fat diet results in

enhancement of colon cell proliferation and carcinogen-

esis, which is mediated by increased serum leptin

concentration (8).

In a study by Tutino et al. (13), leptin and leptin

receptor concentration were only measured in serum and

the authors suggested an association between leptin and

CRC progression and aggressiveness. In an in vitro study

by Attoub et al. (14), leptin promoted tumor invasion in

CRC cell lines. However, Paik et al. (15) reported an

inverse correlation between leptin expression and several

prognostic parameters including tumor invasion depth,

lymph node metastasis and lymphatic invasion. Uchiyama

et al. (16) demonstrated that expression and activation of

the long form leptin receptor (ObRL) were higher in

colorectal adenoma and cancer tissues compared to the

normal colorectal tissues. They also reported that leptin

signaling might have a crucial role in the development of

colorectal adenomas (16). However, Wiwanitkit (17)

reported that interaction between leptin and leptin

receptor has a critical role in the development of gastric

carcinomas and leptin receptor suppresses the expres-

sion of leptin. Thus, the relationship of CRC and leptin

was neither examined in terms of the involvement of leptin

receptors in colorectal tissue nor compared to serum

leptin concentration or leptin receptors in tumor tissue in

mCRC patients. In patients with CRC or mCRC, the

present study demonstrated an inverse correlation

between serum leptin concentration and Ob-R mRNA

gene expression, the latter being evaluated in colorectal

tissue for the first time, rather than in serum. In other

words, Ob-R mRNA gene expression in the tissues from

mCRC patients was associated with decreased serum

leptin concentration, suggesting an increased sensitivity

to leptin receptors.

Leptin receptors are involved in colorectal tumor

growth in vivo, indicating that leptin is an important factor

for the regulation of CRC growth (1). Endo et al. (1)

suggested that leptin is a crucial factor for the growth of

CRC cells, regardless of dietary composition. Liu et al. (8)

reported that leptin is overexpressed and binds to its

receptor in pathological states, which results in tumor

overgrowth in CRC. The authors also reported an

association between the expression of leptin, leptin

receptor, and vascular endothelial growth factor (VEGF)

in CRC, suggesting a possible role for the promotion of

angiogenesis. They concluded that while binding of leptin

to its receptor stimulates the proliferation of CRC cells, the

synergism of leptin and VEGF can enhance the angio-

genesis and promote cancer invasion and metastasis of

colon cancers to other tissues in CRC patients (8). VEGF

is a key regulator of angiogenesis (18) and a synergism

was found between leptin and VEGF that results in the

induction of blood vessel growth and increased vascular

permeability (19). The proangiogenic and mitogenic

effects of leptin have been implicated in the development

Table 2. Data for tissue leptin Ob-R mRNA expression and

serum leptin concentration in colorectal cancer (CRC) and

metastatic colorectal cancer (mCRC).

P

Tissue leptin Ob-R mRNA
expression

Median (25-75%)

CRC 0.72 (0.38-1.34) 0.016

mCRC 1.36 (0.74-1.79)

Serum leptin concentration Mean ± SD

CRC 4.02 ± 2.26 0.024

mCRC 1.45 ± 0.94

The Mann-Whitney U-test was used for statistical analysis.
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and progression of various neoplasms. Studies have

reported that leptin stimulates proliferation, migration,

invasiveness, and survival of certain cancer cell types.

Moreover, leptin may be also involved in tumor neoangio-

genesis in several studies. Leptin can upregulate the

expression of other angiogenic factors, such as basic

fibroblast growth factor, interleukin 1-b, and leukemia

inhibitory factor other than VEGF in cancer cells, which

results in the potentiation of the proangiogenic effects of

leptin. Because leptin and VEGF function synergistically

(19), leptin may also contribute to tumor development in a

similar manner as VEGF.

There are different studies, which measure serum

leptin concentrations in CRC cases. Koda et al. (9)

investigated whether leptin is expressed in colorectal

tumors, and other clinicopathological parameters.

However, we were the first to compare Ob-R mRNA

expression and serum leptin concentration in CRC and

mCRC patients. The results of the present study suggest

that increased serum leptin concentration and decreased

Ob-R mRNA expression in CRC might result in increased

binding of leptin to its receptor, which can promote tumor

growth. It is also a general pharmacological fact that

whenever the first messenger is decreased then its

receptor is increased (upregulation-downregulation).

Moreover, Cao et al. (20) reported that decreased Ob-R

expression might be related to the negative feedback

resulting from high leptin protein concentrations.

The present study is the first to demonstrate that

decreased serum leptin concentration is associated with

increased Ob-R mRNA expression in the colon tissue of

patients with mCRC in contrast to increased serum leptin

concentration and decreased Ob-R mRNA expression in

those with CRC. Thus, we suggest that serum leptin

concentration and Ob-R mRNA expression in colon tissue

vary according to the stage of the colon cancer, such as

local or metastatic disease.

Our results define a novel role for leptin signaling in

the control of tumor growth in addition to its essential role

in food intake and energy regulation. The role of leptin

signaling is evidenced by the finding of increased Ob-R

expression in mCRC. The present study suggests that

high levels of Ob-R mRNA expression in colorectal tissue

may be indicative of metastasis. On the other hand,

serum leptin concentration may have a greater effect on

the progression of CRC than mCRC through the stimula-

tion of blood vessel growth and vascular permeability,

thus contributing to tumor neoangiogenesis.

Further studies of leptin will be helpful for a better

understanding of CRC and mCRC development and it is

possible that future chemotherapy regimens will include

the potent inhibitors of leptin activity.

As a result, significantly increased Ob-R m-RNA gene

expression and decreased serum leptin concentration in

mCRC tissues might implicate that activation of leptin may

play a role in the metastasis of CRC. In conclusion, we are

the first to compare Ob-R mRNA expression and serum

leptin concentration in CRC and mCRC patients. The

results of the present study may indicate the presence of

a biomarker for future studies that will evaluate the

effectiveness of leptin and/or leptin receptor inhibitors for

the treatment of CRC and mCRC.
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