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Purpose: Leptin is encoded by the ob gene and is involved in the control of food intake and energy expenditure. Recent 
studies have implicated leptin expression to be an indicator of tumor features and prognosis. The purpose of this study 
was to investigate the association of tissue expression of leptin with the clinicopathological characteristics and clinical 
outcomes in colorectal cancer patients. 
Methods: Patients who had undergone a curative surgical resection for a colorectal adenocarcinoma from 2000 to 2004 
were included in the study. Immunohistochemical analyses of leptin expression were performed, and clinicopathological 
parameters were evaluated. 
Results: Clinical data and tumor tissues of 146 patients were evaluated. The mean age was 68.6 ± 11.3 years, and 61.0% 
were men. Immunohistochemically, the rates of negative, weak, moderate, and strong leptin expression were 2.7% (4 of 
146), 5.5% (8 of 146), 43.2% (63 of 146), and 48.6% (71 of 146), respectively. We compared the negative, weak, and mod-
erate expression group (group A) with the strong expression group (group B). Leptin expression was inversely associated 
with nodal stage (P = 0.007) between the two groups. Leptin expression was not significantly associated with differentia-
tion (P = 0.37), T stage (P = 0.16), and American Joint Committee on Cancer stage (P = 0.49), and no significant differ-
ences in the disease-free and the overall survivals (P = 0.78 and P = 0.61) were observed. 
Conclusion: Results demonstrated an inverse association of nodal stage with high leptin expression. Higher leptin expres-
sion level might predict better oncologic outcome. However, further studies are warranted to identify the exact role of 
leptin expression in colorectal cancer.
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INTRODUCTION

A generally accepted idea is that obesity and/or endocrine dys-
function of adipose tissue is related to the development of and the 
prognosis for colorectal cancer. Leptin is encoded by the ob gene, 
which is secreted primarily by adipocytes [1]. This 167-amino-

acid cytokine-like peptide regulates food intake and energy ex-
penditure via interactions with specific receptors in the hypothal-
amus [2, 3]. In obese individuals, increased serum leptin levels are 
observed [4].

A suggestion has been made that leptin expression can be used 
as an indicator of tumor features and prognosis as studies have 
shown that leptin can stimulate the proliferation and the migra-
tion of normal intestinal epithelial cells and colorectal cancer cells 
in vitro [5, 6]. These studies strongly suggest the potential of leptin 
in colorectal carcinogenesis. There has, however, been some con-
troversy regarding the relationship between the serum leptin level 
and colorectal cancer development [7-9]. Studies on the relation-
ship of leptin expression levels in the tissues of a normal healthy 
colon, adenomas, and adenocarcinomas have shown somewhat 
inconsistent results [10, 11]. While studies have investigated the 
correlation between tissue leptin expression and survival in 
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colorectal carcinoma patients [10-12], sufficient data are not avail-
able to reach an informed conclusion. This study, therefore, aimed 
to determine the association of leptin tissue expression with the 
clinicopathological characteristics, as well as the clinical out-
comes, in colorectal adenocarcinoma patients.

METHODS

The medical records of colorectal adenocarcinoma patients who 
had consecutively undergone a curative surgical resection from 
2000 to 2004 were reviewed retrospectively. We also obtained sur-
vival data for the patients from the Division of Cancer Registra-
tion & Surveillance, National Cancer Control Institute, Korea. Pa-
tients having a history of preoperative chemotherapy or radio-
therapy, having distant metastases and having ages less than 20 
years were excluded. A total of 146 patients were enrolled in this 
study, and 146 tumor tissue samples were collected from the pa-
tients. All tissue samples were formalin-fixed and paraffin-em-
bedded. Hematoxylin and eosin slides and all medical records 
were reviewed. This study protocol was reviewed and approved 
by the Institutional Review Board, Keimyung University Donsan 
Medical Center (IRB No.: 2014-11-046). Informed consent was 
waived due to the retrospective design of the study.

Paraffin blocks were used for the reconstruction of the tissue 
microarray (TMA). All tissues were fixed in 10% neutral-buffered 
formalin and were embedded in paraffin. A representative area 
without necrosis was selected by using a light microscope from 
each tumor paraffin block to construct the TMA. A pair of 
3-mm-diameter tissue cores was taken from the donor paraffin 
blocks and was transferred to the recipient paraffin blocks by us-
ing a Quick-Ray Manual Tissue Microarrayer (Unitma, Seoul, 

Korea). 
Immunohistochemistry was performed by using the automated 

Benchmark platform (Ventana Medical Systems, Tucson, AZ, 
USA) according to the manufacturer’s recommendations. From 
each TMA block, 4-μm-thick sections were obtained and immu-
nostained for leptin by using an iView universal DAB detection 
kit (Ventana Medical Systems). Antigen retrieval by using a cell-
conditioning solution (Ventana Medical Systems) was applied for 
all cases. The primary antibody used was a rabbit polyclonal anti-
leptin antibody (Y-20, Santa Cruz Biotechnology, Santa Cruz, CA, 
USA) diluted 1:100. All slides were counterstained with hematox-
ylin (Fig. 1). For the negative control staining, the primary anti-
body was omitted.  In case of positive control staining, a formalin-
fixed paraffin-embedded normal human placenta-tissue section 
was used.

An expert pathologist examined the tumor tissues. Leptin ex-
pression was assessed by two pathologists who were blinded to 
the pathologic information on the TMA, the original diagnosis, 
and the patient outcomes at the time of assessment. The scoring 
systems for the staining intensity and for the extent of leptin ex-
pression were derived from a previous study [11]. The staining 
intensity for leptin was given a score of 0 (negative), 1 (weak), 2 
(moderate), or 3 (strong) (Fig. 2). The staining extent for leptin 
was given a score of 0 (0%), 1 (1%–25%), 2 (26%–50%), or 3 
(51%–100%), according to the percentage of cells stained posi-
tively for leptin. Leptin expression was categorized into four 
groups after multiplying above scores: negative (0), weak (1–3), 
moderate (4–6), and strong (9).

For statistical analyses, Pearson chi-square test, Fisher exact test, 
Student t-test, or one-way analysis of variance was used depend-
ing on the nature of data. The Kaplan-Meier method was used to 

Fig. 1. Sections of normal colonic mucosal (A) and cancer (B) tissue immunostained for leptin (×200). Diffuse and mild intensity with a cyto-
plasmic membranous staining pattern is seen in the normal colonic mucosal cells (A, filled arrow). Focal and mild intensity with a cytoplas-
mic membranous staining pattern in colon cancer cells (B, unfilled arrow). 
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analyze survival. A two-tailed P < 0.05 was considered statistically 
significant.

RESULTS

The characteristics of and the clinical data for the enrolled pa-
tients are presented in Table 1. The mean age of the patients was 
68.6 years (range, 39–100 years), and 61% were men. The mean 
body mass index (BMI) was 22.8 kg/m2 (range, 16.9–31.6 kg/m2); 
75 of the patients (51.4%) had colon cancer, and 71 (48.6%) had 
rectal cancer.

Immunohistochemically, the rates of negative, weak, moderate, 
and strong leptin expression were 2.7% (4 of 146), 5.5% (8 of 146), 
43.2% (63 of 146), and 48.6% (71 of 146), respectively. Almost half 
the patients showed strong leptin expression. The patients were 
divided into two groups: negative, weak, and moderate expression 
group (group A) and strong expression group (group B). In all, 75 
patients (51.4%) were included in group A, and 71 patients 

(48.6%) in group B.
Groups A and B were compared with respect to demographics 

and oncologic outcomes. Disease-free and overall survival rates 
were also compared. The two groups were matched for age, gen-
der, BMI, and tumor location (Table 2). Tumor differentiation 
grade (P = 0.37), T stage (P = 0.16), and American Joint Commit-
tee on Cancer (AJCC) stage (P = 0.49) were not significantly dif-
ferent between the two groups. N stage alone showed a significant 
difference (P = 0.007). Leptin expression was inversely associated 
with nodal stage between the 2 groups. No significant difference 
in the disease-free (Fig. 3) and the overall survival (Fig. 4) rates 
were observed (P = 0.78 and P = 0.61, respectively).

DISCUSSION

Much controversy has existed regarding the relationship between 
serum leptin levels and colorectal cancer development. For exam-
ple, a study by Stattin et al. [7] found a significant increase in co-

Fig. 2. Sections of colorectal cancer tissue immunostained for leptin (×200): (A) negative, (B) weak, (C) moderate, and (D) strong expression. 
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lon cancer risk with increasing levels of serum leptin while an-
other study observed no increases in serum leptin concentrations 
in colorectal cancer patients [8], and a third investigation reported 
that serum leptin concentrations in patients with advanced gas-
trointestinal cancer were lower than those in controls [9]. 

Studies have also investigated and compared the levels of tissue 
leptin expression in a normal colon, an adenoma, and an adeno-
carcinoma. Although the results were somewhat inconsistent, 
studies have indicated that high tissue leptin expression may be 
correlated with colorectal carcinogenesis. Koda et al. [5] found 

that the leptin expression levels in both adenoma and adenocarci-
noma tissues were higher than those in normal tissues while the 
percentages of positive leptin expression in adenoma and adeno-
carcinoma tissues were similar. However, Paik et al. [11] demon-
strated a gradient of increasing tissue leptin expression in normal, 
adenoma, and adenocarcinoma tissues (normal - adenoma - ade-
nocarcinoma), which may be an indication of the key involve-
ment of leptin in multistep colorectal carcinogenesis.

Recently, experimental studies regarding the effects of leptin on 
colorectal cancer have been published. Leptin has been shown to 
have mitogenic and anti-apoptotic effects on colon cancer [5, 6, 
13, 14]. In vitro studies have demonstrated that leptin affects pro-
cesses related to colon cancer initiation and progression [15], in-
fluences the growth and survival of colorectal cancer stem cell, 
and enhances adhesion and invasion of colorectal cancer [16]. In 
an animal study, leptin seemed to stimulate the proliferation of 
colon cancer cells [17].

The relationship between leptin expression and oncologic out-

Table 1. Demographics and clinical data for 146 patients with a 
colorectal carcinoma

Characteristic Value

Age (yr) 68.6 ± 11.3

Sex

   Male 89 (61)

   Female 57 (39)

Body mass index (kg/m2) 22.8 ± 3.2

Tumor location

   Colon 75 (51.4)

   Rectum 71 (48.6)

T stage

   1 2 (1.4)

   2 28 (19.2)

   3 107 (73.3)

   4 9 (6.2)

N stage

   0 79 (54.1)

   1 41 (28.1)

   2 26 (17.8)

AJCC stage

   1 21 (14.4)

   2 58 (39.7)

   3 67 (45.9)

Differentiation

   Well 7 (4.8)

   Moderate 127 (87)

   Poor and mucinous 12 (8.2)

Leptin expression

   Negative 4 (2.7)

   Weak 8 (5.5)

   Moderate 63 (43.2)

   Strong 71 (48.6)

Values are presented as mean ± standard deviation or number (%). 
AJCC, American Joint Committee on Cancer.

Table 2. Comparison of clinicopathological data for the two leptin 
expression groups

Characteristic
Negative, weak, 

moderate expression 
Strong 

expression 
P-valuea

Age (yr) 68.3 ± 11.4 68.9 ± 11.3 0.76b

Sex

   Male:female 42:33 47:24 0.21

Body mass index (kg/m2) 22.8 ± 3.2 22.7 ± 3.2 0.97b

Tumor location 0.40

   Colon 36 (48) 39 (54.9)

   Rectum 39 (52) 32 (45.1)

Differentiation 0.37

   Well, moderate 67 (89) 67 (94)

   Poor and mucinous 8 (11) 4 (6)

T stage 0.16

   1, 2 11 (15) 19 (27)

   3 60 (80) 47 (66)

   4 4 (5) 5 (7)

N stage 0.007

   0 42 (56) 37 (52)

   1 14 (19) 27 (38)

   2 19 (25) 7 (10)

AJCC stage 0.49

   1 9 (12) 12 (17)

   2 33 (44) 25 (35)

   3 33 (44) 34 (48)

Values are presented as mean ± standard deviation or number (%).
AJCC, American Joint Committee on Cancer.
aPearson chi-square test. bStudent t-test.
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comes has not been elucidated sufficiently. Although studies have 
investigated the survival of patients with a colorectal adenocarci-
noma according to leptin expression, data are insufficient to draw 
any conclusions. In the current study, the strong leptin expression 
group (group B) showed less lymph node metastasis than the 
negative, weak, and moderate leptin expression group (group A). 
No significant differences were observed between the two groups 
when the N0 and the N1+N2 stages were compared (56% and 
44% vs. 52% and 48%, respectively; P = 0.638). The percentages of 
N0 stage between the two groups were similar (42 of 75, 56% vs. 
37 of 71, 52%). Fewer patients in group A had N1 stage (14 of 75, 
19% vs. 27 of 71, 38%); however, the percentage of N2 stage was 
higher in group A (19 of 75, 25% vs. 7 of 71, 10%). Group A had 
more patients with more advanced N stage (N2) than group B. 
Our data suggest that leptin expression is inversely associated 
with lymph node involvement. We postulate that a higher leptin 
expression level might predict a better oncologic outcome. 

These results are consistent with those of a study by Paik et al. 
[11], in which low leptin expression correlated frequently with 
lymph node metastasis. Koda et al. [5], however, reported no sig-
nificant relationship between leptin expression and lymph node 
metastasis. In our study, no significant associations of leptin ex-
pression with depth of invasion (T stage) and AJCC stage were 
observed, which is in line with the results reported in previous 
studies by Koda et al. [5]. In contrast, Paik et al. [11] reported that 
leptin expression correlated with tumor features, such as the 
depth of invasion and the AJCC and Duke’s stages. Another prog-
nostic factor evaluated in our study was tumor differentiation, 
and we found no significant differences in leptin expressions for 
the different tumor differentiation grades between the two groups 

in this study, although well and moderately differentiated tumors 
were more prominent in group B (89% vs. 94%, respectively). 
Previous investigations have found lower levels of leptin expres-
sion in poorly differentiated tumors than in better differentiated 
tumors [5, 11]. Furthermore, Paik et al. [11] reported that the 
high leptin expression group showed better survival than the low 
or the negative leptin expression group. In the current study, how-
ever, we found no significant differences in the disease-free and 
the overall survival rates between groups A and B.

In the current study, the relationship between leptin expression 
in cancer tissue and oncologic outcome was not fully consistent 
with that reported in previous studies. In those studies, high 
leptin expression did not show unfavorable oncologic outcome, 
although the prognostic factors showing favorable outcome were 
inconsistent between studies. In the study by Koda et al. [5], tu-
mors with better differentiation showed high leptin expression 
while in the study by Paik et al. [11], high leptin expression corre-
lated with favorable outcomes with regard to the depth of inva-
sion, lymph node metastasis, AJCC stage, tumor differentiation, 
and lymphatic invasion. In our study, high leptin expression cor-
related with lower nodal stage. Based on these results, high leptin 
expression in colorectal cancer tissue might be a prognostic factor, 
although further evaluation is required to determine the role of 
leptin in the prognosis for colorectal cancer patients.

The current study has some limitations. First, this study was not 
a randomized controlled study; thus, it could be affected by po-
tential selection bias. Second, the sample size (146 patients) of this 
study was not estimated because tumor tissues were retrospec-
tively recruited, so a sample-size estimate could not be performed. 
Finally, the sample size was relatively small. The number of pa-

Fig. 3. Comparison of disease-free survival rates. No significant dif-
ference in the disease-free rates was observed between the two 
groups (P = 0.78).
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Fig. 4. Comparison of overall survival rates. No significant difference 
in the overall survival rate was observed between the two groups  
(P = 0.61).
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tients enrolled in the study of Paik et al. [11] was notably higher 
than those in the study of Koda et al. [5] and our study (437, 166, 
and 146, respectively). 

In conclusion, in this study, high leptin expression level was 
found to be inversely associated with nodal stage. In addition, the 
results showed that a higher leptin expression level might also be 
a predictor of a better oncologic outcome. However, further stud-
ies are warranted to identify the exact role of leptin expression in 
colorectal cancer.
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