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Expression of leptin in colorectal adenocarcinoma
showed significant different survival patterns
associated with tumor size, lymphovascular
invasion, distant metastasis, local recurrence,
and relapse of disease in the western province
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Abstract
Leptin phenotype has been suggested to be a possible biomarker for the diagnosis and prognosis of different neoplasms.
Nonetheless, there are conflicts among the outcomes found in several tumors, and little is proven concerning the correlation between
the phenotype of leptin and its clinical significance in colorectal carcinomas. This study will describe the phenotype of leptin in
colorectal adenocarcinomas, and investigate its correlation with clinicopathological factors.
Two hundred and twenty eight tissue samples include 155 colorectal carcinomas, 40 adenomas, and 33 noncancerous cases

were utilized in constructing tissue microarrays which have been used in the revealing of leptin expression using leptin monoclonal
antibody and immunohistochemistry staining protocol.
Immunoexpression of leptin was recognized in 145 (93.5%) of colorectal tumors and 56 (76.7%) cases of control group. Histotype

was considerably associated with leptin phenotype (P= .000), there is up regulation in leptin expression in colorectal carcinoma
cases. Significantly higher proportion of negative leptin immunostaining cases were observed in tumors which have size more than 5
cm (P= .045). Whereas, significant different survival patterns were observed in positive cases regarding tumor size, lymphovascular
invasion, distant metastasis, local recurrence and relapse of disease (P-values .046, .011, .000, .013, and .001, respectively). On the
other hand, positive leptin staining colorectal tumors with size <5cm, and with no distant metastases, local recurrence, or disease
relapse had significantly better survival estimates. However, leptin immunostaining did not show noteworthy associations with age,
gender, differentiation, tumor location, stage, margins involvement, lymphovascular invasion, and lymph node metastasis.
The current study shows up regulation in leptin expression in colorectal adenocarcinoma compared with noncancerous control

cases. Thus, immunohistochemical staining of leptin in colorectal cancer could be a helpful tool in the prediction of prognosis and
survival pattern of colorectal cancer with certain clinicopathological factors (tumor size, lymphovascular invasion, distant metastasis,
local recurrence, and relapse of disease).

Abbreviations: IBM-SPSS = International Business Machines, Statistical Package for the Social Sciences, JAR cell lysate =
choriocarcinoma cell lines, NOS = Not Otherwise Specified, Ob = obese gene, P-value = probability value, TM DAB = Multimer
Technology, 3,3’-diaminobenzidine, TMA = tissue microarray, TNM = tumor, node, and metastases.
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1. Introduction

Clinicopathological parameters such as tumor, node, and
metastases (TNM) stage, grade, tumor invasion, and lymph
nodes involvement are important factors in deciding treatment
modality for colorectal cancer.[1] Still these clinical factors are not
satisfactory enough to predict disease outcomes and colorectal
tumors remain till today a huge challenge to clinicians. This is
because of considerable differences in the clinical outcomes of
colorectal tumor cases of similar stages. Thus, the search for an
effective molecular and histopathological prognosticating
markers continues and is still main target to personalize
treatment for cases of serious consequences.[1]

Leptin is an adipokine that has several functions and has an
important role in the metabolism, lipogenesis, glucose homeostasis,
inflammation, immuneresponse,bone formation, tissue remodeling,
and neoangiogenesis.[2–6] It is a peptide of 167 amino acids which is
programmed by obese gene (Ob). Leptin is made by adipocytes and
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has been found to be expressed by some other tissues for instance
stomach, liver, ovaries, placenta, and skeletal muscles.[7–9] Several
reports havedescribed leptin role in the proliferation,migration, and
invasion of tumor cells and how it prevents apoptosis through
differentways.[10–14]Histologically,many studies have attempted to
test the relationship between leptin immunoexpression and clinical
parameters in several tumors including colorectal cancer, but the
findings are controversial,[15–25] and yet, not much is known about
the clinical significance of leptin phenotype in colorectal carcinomas.
Thus, the present study investigates the immunohistochemical
staining of leptin in colorectal cancer, and assesses the correlation of
its expression with the clinical characteristics and follow up
information of these neoplasms.
2. Material and methods

All 155 colorectal adenocarcinoma tissue samples (83 males and
72 females) and 73 control group tissue samples (adjacent tissue,
adenomas, and noncancerous condition including normal tissues)
which have been used in this study were paraffin embedded
specimens and were acquired from the pathology department of
KingAbdulazizUniversity. Paraffinblocks havebeen cut into4mm
sections, hematoxylin and eosin stained and re-evaluated. Tumor
Table 1

Distribution of various clinicopathological variables with leptin immu

Clinicopathological parameters n

Group Colorectal cancer 10
Colon adenomas 4
Non-cancerous tissues 13

Group Colorectal cancer 10
Control cases 17

Age, years <60 5
>=60 5

Gender Male 7
Female 3

Differentiation Well differentiated 4
Mod differentiated 6
Poorly differentiated 0

Tumor location Right colon 1
Left colon 8
Rectum 1

Tumor size < 5 cm 1
> or=5 cm 9

Stage 1 1
2 0
3 9
4 0

Lymphovascular invasion Negative 8
Positive 2

Serosa Resected Margin Negative 10
Positive 0

Lymph node metastasis Negative 8
Positive 2

Distant metastasis Negative 9
Positive 1

Local recurrence Negative 8
Positive 2

Tumor relapse Negative 7
Positive 3

∗
Fisher’s exact test.

† Chi-square test.

2

characteristics and clinical data such as gender, age, cancer type,
tumor volume, stage, grade, and metastasis) have been collected
from King Abdulaziz University Hospital medical records
(Table 1). All tissues of control group were selected from people
who were sampled for noncancerous disorders. Recommendation
ofWorld Health Organization was applied in grading and staging
of these colorectal cancer cases. All employed tissue samples of
colorectal neoplasms and control group were employed to make
tissue microarray. The present research was approved by King
Abdulaziz University Biomedical Ethical Unit.
2.1. Tissue microarray (TMA) construction

Tissue microarrays were made from 155 colorectal cancer cases
and 73 control tissue specimens as mentioned in our earlier
papers.[26,27] TMA blocks have been sliced into 4 micron sections
and sited on glass slides coated with aminosilane. Later, it was
employed in leptin immunohistochemistry staining protocol.
2.2. Immunohistochemistry staining method

Immunohistochemical analysis was applied using immunohis-
tochemistry autostainer (BenchMark ULTRA, Ventana, AZ) as
nostaining in colorectal adenocarcinomas.

Leptin immunostaining

Negative Positive

% n % P-value

6.5 145 93.5 .000
∗

10.0 36 90.0
39.4 20 60.6
6.5 145 93.5 .000†

23.3 56 76.7
5.6 84 94.4 .745

∗

7.6 61 92.4
8.2 78 91.8 .513

∗

4.3 67 95.7
11.1 32 88.9 .328

∗

6.1 93 93.9
0.0 20 100.0
2.7 36 97.3 .705

∗

8.0 92 92.0
5.6 17 94.4
1.6 60 98.4 .045

∗

9.6 85 90.4
50.0 1 50.0 .091

∗

0.0 25 100.0
7.8 107 92.2
0.0 12 100.0
6.2 122 93.8 .664

∗

8.0 23 92.0
6.8 138 93.2 .999

∗

0.0 7 100.0
8.7 84 91.3 .202

∗

3.2 61 96.8
7.6 109 92.4 .453

∗

2.7 36 97.3
7.3 101 92.7 .724

∗

4.3 44 95.7
6.9 95 93.1 .999

∗

5.7 50 94.3



[26,27]

Figure 1. Leptin immunostaining pattern in colorectal cancer. (A) Strong positive staining in colorectal tissue (10 X); (B) negative staining in colorectal cancer (10�);
(C) strong positive staining in colorectal cancer (10�); (D) moderate positive staining in colorectal cancer (10�).
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previously reported. Antileptin rabbit polyclonal antibody
with dilution ratio of 1 to 100 (Santa Cruz Biotechnology), then
ULTRAVIEW TM DAB visualizing protocol were used in
immunohistochemistry staining. Every staining run contained a
slide treated with tris buffer rather than antileptin antibody for
using it as a negative control. A positive control slide contained
JAR cell lysate from Santa Cruz Biotechnology. Cases with
brown granular nuclear stain in more than 5% of transformed
cells were counted positive.
Leptin immunoreactivity has been scored, by 2 pathologists,

for staining intensity and positively stained cells percentage. The
frequency of positive cells was evaluated applying semiquantita-
tive method in 3 fields with lenses of 40 amplification power.
Staining intensity has been given scores 0, 1, 2, and 3
demonstrating negative, faint, moderate, and strong staining,
respectively. Scores of staining intensity has been presented as
negative, low (1) and high (2 and 3). When a disparity between
the 2 pathologists’ staining scores has happened, the lowest score
value was reported.
2.3. Statistical analysis

All results were assessed by IBM-SPSS software (version 21). All
data values were presented as percentages and incidences. The
association between clinicopathological factors of colorectal
cancer and Leptin expression was explored statistically by chi-
square and Fisher’s exact tests. Both unadjusted and adjusted
comparison of survival distributions for various leptin immuno-
3

histochemistry staining intensity levels were assessed applying
Beslow Generalized Wilcoxon test. STATA 14 is used to perform
survival analysis. The point of importance was considered when
P-value< .05.
3. Results

Clinicopathological factors of all colorectal tumor cases with
leptin expressionwere presented in Table 1. Out of 155 colorectal
adenocarcinoma cases, 145 (93.5%) cases showed positive leptin
immunostaining, of which 33 (22.75%) cases showed moderate
to strong stain. All positive cases showed leptin cytoplasmic
immunostaining. The majority of positively stained colorectal
cancer cases (89.6%) exhibited brown color in more than 50%of
the neoplastic cells. On the other hand, 76.7% of control cases
including adenomas and noncancerous tissues were positive for
leptin immunostaining (Table 1 and Fig. 1A–D). Considerable
heterogeneity in leptin immunohistochemical staining in colorec-
tal cancer cases was identified regarding cells and glands, for
example, some tumors showed positive staining in some cells or
glands only and others revealed uniform immunostaining in all
cellular or glandular components (Fig. 1F).
Tissue type was considerably associated with leptin phenotype

(P= .000), there is upregulation in leptin expression in colorectal
carcinoma cases. Significantly higher proportion of negative
leptin immunostaining cases were observed in tumors with size
more than 5cm (P= .045). Colorectal adenocarcinoma in both
genders shared almost the same expression and distribution
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Table 2

Comparison of survival distributions by various clinicopathological variables in positive leptin immunostaining colorectal
adenocarcinomas.

P-value
∗

n Mean survival Std. error Unadjusted Age and gender adjusted

Tumor size < 5 cm 57 131.844 9.483 .046 .0606
>=5 cm 85 89.655 12.980

Lymphovascular invasion Negative 118 108.123 11.702 .011 .0110
Positive 24 63.976 10.518

Distant metastasis Negative 105 119.883 12.419 .000 .0001
Positive 37 40.666 6.936

Local recurrence Negative 96 118.901 12.915 .013 .0062
Positive 46 65.191 9.204

Tumor relapse Negative 89 124.117 13.257 .001 .0012
Positive 53 61.264 8.896

∗
Breslow (Generalized Wilcoxon).

Al-Maghrabi et al. Medicine (2018) 97:34 Medicine
patterns of leptin with slight increase in staining frequency in
female population. No significant associations, regarding
immunostaining, were found with age, gender, differentiation,
tumor size, tumor location, stage, margins involvement, vascular
invasion, lymph node and remote metastases, local recurrence
and disease relapse.
Beslow Generalized Wilcoxon test has been employed to liken

the survival distribution in colorectal cancer cases of negative and
positive leptin immunostaining. Table 2 describes the mean
survival times of colorectal cancer patients with various
clinicopathological factors adjusted for leptin immunostaining.
Significant different survival patterns were observed with tumor
size, lymphovascular invasion, distant metastasis, local recur-
rence, and disease relapse. Positive immunostaining cases with
tumor size <5cm shows better survival times than cases of large
tumors (P= .046), similar pattern was observed when adjusted
for age (P= .044); however, insignificant survival difference was
observed when adjusted for gender (P= .057). Whereas positive
cases with lymphovascular invasion, distant metastasis, local
recurrence or disease relapse showed poor survival estimates
(P= .011, .000, .013, and .001 respectively) and similar patterns
were observed when adjusted for age and gender.
Kaplan–Meier survival curves clearly shows that survival

experiences are significantly better in cases of small tumors (<5
cm) and cases of no lymphovascular invasion, distant metastasis,
local recurrence or disease relapse (Fig. 2).

4. Discussion

Colorectal cancer is one of the most important causes of death in
Saudi Arabia. In 2013, there were 1387 cases of colorectal
cancer, which totalled about 11.9% of all new cancer cases.
Tumors of colon and rectum ranked first among males and third
among females. It affected 736 (53.1%) males and 651 (46.9%)
females with a ratio of 113:100. Sixty years was the average age
at diagnosis amongst men and fifty 6 years among females.
Morphologically, adenocarcinoma (NOS) was the most frequent
type and far less common was mucinous carcinoma followed by
signet ring cell carcinoma, and other histotypes. Youthful
patients (below the age of 50) accounted for about 20% of all
cases of colorectal cancers.[28]

Even the likely molecular mechanism of colorectal tumorigen-
esis is still ambiguous, some studies presented a considerable
relationship between the serum leptin level and the risk of
developing tumors in different sites including colon, telling that
4

leptin could possibly be engaged in colorectal tumorigenesis. In a
number of these published research papers, high concentrations
of leptin have been allied with elevated hazard of colorectal
tumor development.[29–31] However, there has been some
disagreement about the correlation between serum level of leptin
and colorectal tumor growth.[32,33] Furthermore, some in vitro
studies indicated that leptin motivates DNA synthesis, stimulates
proliferation, migration, invasion and survival of colorectal
cancer cells. These analyses suggested the likely role of leptin in
colorectal cancer evolution.[34–38] Although few studies has
recommended that the immunohistochemical staining of leptin
could be helpful as a marker to predict the characteristics and
prognosis of colorectal carcinoma, but conflicting information
has been reported.[20–25]

The present study found that high percentage of colorectal
carcinomas (93.5%) were positive for leptin immunostaining,
and in consistent with the findings of Jeong et al[25] study. But this
frequency is higher than the results of Koda et al[20], Paik et al[21],
Liu et al[22], and Wang et al[23] who reported (51.2%, 73.5%,
72.06, and 71.3%, respectively). The current study also showed
significantly increased leptin cytoplasmic immunoexpression
frequency from adjacent mucosa, normal tissue and noncancer-
ous conditions to adenomas and carcinomas as transformation
process; this finding is in harmony with Paik et al[21], and Liu
et al[22] who reported a harmonious grown leptin staining
frequency with neoplastic progression (adenoma-carcinoma
sequence in colon).
However, Jeong et al[25] and the present study reported that

leptin immunoexpression was not significantly associated with
the clinicopathological features of colorectal carcinomas. On the
other hand, Koda et al[20] significantly correlated leptin
expression in colorectal cancer with tumor histological type
and G2 grade but not with patients’ age and gender, tumor
localization or lymph node involvement. Similarly Liu et al[22]

stated that immunoexpression of leptin showed a significant
relation with grades, Dukes’ stage, wall infiltration, lympho-
vascular invasion, lymph node involvement, and distant
metastasis, but did not display any link with patients’ age,
gender, size of tumor, localization, and tumor histotypes.
Furthermore, Paik et al[21] correlated leptin immunoexpression
inversely with prognostic cancer characteristics such as stage,
differentiation, infiltration, and lymph node involvement.
Wang et al.[23] significantly associated leptin expression with
differentiation, stage and metastasis including lymph node, but
not with the age and sex of patients. In Yoon et al[24] study,



Figure 2. Kaplan–Meier survival curves by various clinicopathological variables with leptin immunostaining in colorectal adenocarcinoma.
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immunostaining of leptin was only considerably allied with stage
of tumors.
In respect of survival distribution patterns, very few reports

have researched the survival of colorectal cancer patients in
proportion to leptin immunoexpression, and the information are
5

insufficient to reach any conclusion. our findings opposed Paik
et al[21] who reported “leptin-positive adenocarcinoma revealed
better overall and disease-free survivals” while our positive
staining cases with small tumor size, lymphovascular invasion,
distant metastasis, local recurrence or disease relapse showed
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poorer survival estimates. In contrast, Jeong et al showed no
important changes in overall survival and disease-free survival
rates among colorectal tumor cases.
However, the outcomes of our study showed that there is still

some discrepancies between similar immunohistochemistry
studies regarding the association of leptin immunostaining with
clinicopathological features of colorectal carcinoma. These
differences could be due to study sample size, diversity of
populations, semiquantitative staining protocol, and procedures
sensitivity. Therefore, larger comprehensive investigations are
important for measuring the investigative and predictive
competences of leptin staining in colorectal cancer.
5. Conclusion

Our findings propose a mounting rise in the expression of leptin
during colorectal tumorigeneses. Immunoexpression of leptin
could be a helpful biomarker in the prediction of prognosis and
survival pattern of colorectal cancer with certain clinicopatho-
logical factors.
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