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Evaluation of the Prognostic Role of Leptin and Cyclin D1 Expression in Colorectal
Cancer
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Abstract

Background: Colorectal cancer (CRC) is one of the most malignancies worldwide. This study
aimed to determine the role of leptin and cyclin D1 in CRC and their association with
clinicopathological parameters and clinical outcomes of patients, and to compare them with
normal tissues.

Method: A retrospective study was carried out on 60 specimens classified as 8 normal colonic
mucosae, 40 patients suspected to have CRC, and 12 colonic dysplasia (CD) and were
evaluated in terms of tumor node metastases staging using multislice computerized tomography
scan, quantitative real-time polymerase chain reaction to calculate relative leptin mRNA
expression level; and immunohistochemical staining was performed to study leptin and cyclin
D1 expressions in CRC and CD versus the normal colonic mucosa. Normal mucosa was
obtained by colonoscopy from patients for causes other than neoplasia or dysplasia. Statistical
analysis was performed using the Statistical Package for the Social Sciences (SPSS 24 Inc.
Chicago, IL, USA) with a significance value of P < 0.05.


mailto:ahegazy@zu.edu.jor
mailto:ahegazy@edu.eg

Results: There was a significant association between leptin and cyclin D1 positive expressions
and both CRC and CD. However, poor clinical outcome was significantly correlated with high
positive leptin and cyclin D1 expressions detected in CRC patients. Cyclin D1 and leptin
showed a strong association with greater histological grade, stage, positive LN, and distant

metastases of CRC.

Conclusion: Expressions of leptin and cyclin D1 are associated with colon disorders with
unfavorable outcomes in colon cancer. New opportunities may emerge from the discovery of
cross-talk between leptin and other oncogenic pathways in obesity-related cancers, with a

particular focus on colon cancer.
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Introduction
Colorectal cancer (CRC) is the most
common malignant tumor of the
gastrointestinal tract. It is the third most
common type of cancer in males and the
second most common type of cancer in
females. Moreover, it represents the fourth
most common cause of death due to cancer
in the world.! Due to their subtle nature, a
high percentage of early CRC findings are
missed on abdominal computerized
tomography (CT), with the majority of
misses occurring in the rectosigmoid and
ascending colon. Early detection by
specifically looking for polyps, wall
thickening, and small lymph nodes can be
difficult to diagnose. The early detection of
CRC could improve survival by lowering
the stage from 3C to 3A, resulting in a 36%
increase in 5-year survival.? Moreover, the
extramural invasion has a significant
impact on the prognosis of patients with
CRC.? Unfortunately, CRC is resistant to
chemotherapy and tends to recur and
spread. Moreover, several treatment
protocols have been applied to CRC, but
they have not yielded a complete cure. This
may be because CRC stem cells are
resistant to radiotherapy and chemotherapy
and are able to proliferate.* Therefore,
identifying factors that may influence CRC
aggressiveness and allow a more accurate
diagnosis as well as prognosis is absolutely
essential.®

CRC occurs in different populations
either sporadically (75-80%) or hereditary
(20-25%). There are many predisposing
factors for CRC including previous

presence of polyps (adenomas), previous
presence of ulcerative colitis, inflammatory
bowel diseases, hereditary familial
adenomatous polyposis, and nutritional
factors such as low-fiber diet.> Obesity
and/or adipose tissue endocrine disruption
are suggested to be related to cancer
development and prognosis, but the
underlying mechanisms are unclear.®
Leptin is a 167-amino-acid peptide
hormone secreted primarily by adipocytes
and encoded by the ob (obese) gene located
on chromosome 7. The main function of
leptin is to regulate body mass through
negative feedback between adipose tissue
and the satiety center in the hypothalamus.
It is involved in stimulating energy
consumption and reducing appetite.” The
anti-apoptotic and mitogenic effects of
leptin on various cancer cell lines as well as
promoting cell growth, migration and
invasion have been  documented.®
Furthermore, there is some evidence
suggesting a potential role for leptin as a
novel growth factor driving the
development and progression of CRC, but
large clinical studies are needed to
determine the mechanisms underlying the
effects of leptin on the development and
progression of this cancer.® Leptin plays a
critical role in the cell cycle by increasing
the S-phase cells, along with increasing
cyclin D1.10

Cyclin D1 is important for the cell
cycle because it regulates the progression
from the Gy phase of the cell cycle to the S
phase which is mediated by its interactions
with cyclin-dependent kinases 2, 4 and 6.



The action of cyclin D1 can be blocked by
cyclin D1-dependent kinase inhibitors,
such as p27 and p21.* Increased expression
of cyclin D1 has been documented in a
variety of tumor types, so greater focus has
been placed on its involvement in tumor
development and progression.*2
Overexpression of cyclin D1 has been
shown to be associated with worse
clinicopathological signs and prognosis of
estrogen receptor (ER)-positive breast
cancer as well as other cancers.!®> Some
authors have  evaluated  whether
overexpression of cyclin D1 may be a
prognostic factor for survival in patients
with CRC. However, the results are
inconclusive, and no consensus has been
reached.'? Therefore, this work aimed to
study leptin and cyclin D1 expressions in
CRC and colonic dysplasia (CD) versus
normal colonic mucosa.

Material and Methods

Patients and study design

A retrospective study was performed
including CRC cases as well as normal
colon mucosa samples as a control group in
the Departments of Pathology, Surgery,
Internal Medicine, Tropical Medicine,
Diagnostic Radiology, Clinical
Biochemistry and Molecular Biology of
Faculty of Medicine from June 2022 to
June 2023. All patients provided full
written consent to join the study with no
identity details. The study was approved by
IRB-committee, Faculty of Medicine, (IRB
approval number ZU-IRB #6993/2-10-
2022) and was performed following the
ethical standards of the Helsinki
Declaration.

Patients included in this study complained
of one or more of the following symptoms:
iron deficiency anemia (IDA), rectal
bleeding, bowel habits changes, weight
loss, bowel obstruction/perforation, and
abdominal mass. Pregnant and lactating
women, patients diagnosed with types of
cancer other than CRC, and patients
receiving chemotherapy or radiotherapy
were excluded from this study.

All patients underwent complete history
taking, complete physical examination,
digital rectal examination, multislice CT
evaluation, and TNM staging of CRC cases
according to AJCC/2017, where T stands
for tumor evaluation size and appearance,
N stands for nearby abnormal lymph nodes
having cancer, and M stands for mesenteric
infiltrate and  distant ~ metastasis.™®
Subsequently, partial or total colectomy
was performed in cases of colon cancer, and
colonic polypectomy in cases of colonic
adenoma and CD. Tumor samples as well
as normal colon tissues from some cases of
colposcopies were then obtained and stored
at —80°C until further processing. Finally,
the tissues were processed for routine
histological examinations using
hematoxylin and eosin (H&E) staining.™ In
addition, the following investigations were
conducted.

The specimens were classified into 3
groups as follows: group 1 (G1) containing
normal colonic mucosae, group 2 (G2)
formed of cases of CD polyps and group 3
(G3) containing CRC. G1 samples were
obtained from patients who underwent
colonoscopy for reasons other than
neoplasia, such as ulcerative colitis and
irritable bowel syndrome, and were used as
a control group.

RNA extraction and quantitative real-time
polymerase chain reaction (gPCR)
analysis

Specimens of tissue samples were
homogenized, followed by extraction of
total cellular RNA from tissue homogenate
using easy-RED™ Total RNA extraction
kit (INtRON Biotechnology, Seongnam,
Korea) following the manufacturer’s
instructions. Reverse transcription of one
pug of RNA was performed by means of
Maxime RT PreMix Kit (iNtRON
Biotechnology, Seongnam, Korea)
according to the manufacturer’s protocol.
gPCR was performed as follows: 10 pl of
TOPreal™ gqPCR 2X PreMIX (SYBR
Green with low ROX), 1 pl of each forward
& reverse primers, 2 pl of cDNA and 6 pl
of RNAase free water in 20 pl final volume.



GAPDH gene expression was used as
internal  control. 40 cycles; initial
denaturation at 95°c for 15 minutes,
followed by 95°c for 30 seconds, 53°c for 1
minute and 72°c for 1 minute. The thermal
program for the replication of the three
genes done under the same conditions
containing, the sequences of leptin gPCR
primers were forward primer, 5'-
ACAGAAAGTCACCGGTTTGG-3';

reverse primer, 5'-
GCTCTTAGAGAAGGCCAGCA-3', for
GAPDH forward: 5'-

ATGGAGAAGGCTGGG GCT-3' and
GAPDH reverse: 3-ATCTTGAGGCTG
TTGTCATACTTCTC-5'". Leptin relative
MRNA expression levels was normalized to
GAPDH as housekeeping gene. The
relative fold changes in mMRNA expression
levels were calculated and determined
using the threshold cycle (CT) method (2-
AACT method).

Immunohistochemical staining (IHC)
Four-micron sections of each tissue
specimen were cut onto positive-charged
slides; air dried overnight, deparaffinized in
xylene, hydrated through a series of graded
alcohol and washed in distilled water and
0.01 PBS (pH 7.4). Slides were then
processed for IHC as described by Handa et
al. using the following antibodies: leptin
(MIB-1, Dako), and cyclin D1 (DCS-6,
Dako).1® A case of mantle cell lymphoma
was used as a control for cyclin D1.
Negative controls were obtained by
replacing the primary antibody by non-
immunized rabbit or mouse serum.

IHC analysis

Assessment of leptin
immunohistochemistry  staining  was
performed by calculating the frequency of
positive cells by applying a
semiquantitative method. Staining intensity
has been given scores 0, 1, 2, and 3
demonstrating negative, mild, moderate,
and strong staining,  respectively.t’
Assessment of cyclin D1 IHC staining was
reported as negative, when positive brown
nuclear stained cells less than 5%; mild,
when positive brown nuclear stained cells

5-25%; moderate, when positive brown
nuclear stained cells 26-50%; strong, when
positive brown nuclear stained cells >51%.
No cytoplasmic staining of cyclin D1 was
found in any of the studied cases. Scores of
both markers have been grouped as
negative, low (1+) and high (2+ and 3+), as
was  reported  previously.t"®  All
interpretations of IHC have been performed
by 3 pathologists.

Statistical analysis

The collected data were computerized and
statistically analyzed wusing Statistical
Package for Social Sciences (SPSS 24 Inc.
Chicago, IL, USA). Data were tested for
normal distribution using the Shapiro Walk
test. Qualitative data were represented as
frequencies and relative percentages. Chi
square test (¥2) was used to calculate
difference between qualitative variables as
indicated. Quantitative data were expressed
as mean = SD (Standard deviation).
Independent T test was used to calculate
difference between quantitative variables in
two groups. One-way ANOVA F-test was
used to calculate difference between
quantitative variables in more than two
groups with Post hoc test for multiple
comparisons was done using LSD method.
To compare the two groups, the Mann-
Whitney test was used. The Kruskal-Wallis
method was used to compare data that were
not normally distributed in the three
independent  groups.  All  statistical
comparisons were two tailed with
significance of P-value < 0.05, while P
<0.001 indicated a highly significant
difference. 161920

Results

This prospective cross-sectional study
included a total number (N) of 60 tissue
specimens from 60 patients; 70% were
male, while 30% were female. Also, 65%
of the studied cases were obese with body
mass index (BMI) more than 30, and the
rest of them were normal. The number of
cases in each group was as follows: G1: 8
(13.3%) control cases, G2: 12 (20%) CD
and G3: 40 (66.7%) CRC. Most common



presentations in CRC patients were weight
loss (25%), and IDA (25%), followed by
bleeding per rectum (12.5%) and changes
in bowel habits (12.5%) (Table 1). Some
patients experienced more than one
symptom.

Regarding gene expression levels, g°PCR
analyzes revealed that significantly higher
expression levels of leptin and cyclin D1
MRNA were observed in CRC compared
with CD, and in CD as compared with
control tissues (Table 2; Figure 1A). High
leptin and cyclin D1 mRNA expression
were significantly associated with age
group >50 years (P <0.0001) and obesity (P
<0.0001). Nonetheless, there was no
association between leptin and cyclin D1
MRNA expression and gender in the
studied population (P = 0.09, 0.056,
respectively) (Table 3).

Among the CRC patients, there was a
significant positive relation between leptin
and cyclin D1 with an association
coefficient of 0.67 (P < 0.0001) (Figure
1B). With the investigation of the
association of leptin mRNA expression
with the clinicopathological criteria of the
CRC patients, the expression in tissues was
found to be significantly associated with
tumor grades 3 & 4 (P = 0.018), staging 3
& 4 (P = 0.026), tumor size (P = 0.014),
lymph node, and distant metastasis (P <
0.0001). The association of cyclin D1
MRNA expression with the
clinicopathological data indicated that its
overexpression was significantly associated
with the pathological stages 3 and 4 (P =
0.043), LN metastasis (P = 0.005), and
distant metastasis (P = 0.0001) of CRC;
however, it showed no association with
tumor grade (P = 0.14) and size (P = 0.06)
(Table 4; Figure 2).

The IHC expressions of leptin and cyclin
D1 markers were negative in 11.7% and
13.3%, and positive in 88.3% and 86.7% of
the studied groups, respectively. Positive
expression of leptin and cyclin D1 was low
(mild) in 13.3% and 15.0%, and high in
75% and 71.6%, (including moderate in
20.0% and 33.3%; and strong in 55.5% and

38.3%) of the studied groups, respectively
(Table 5; Figure 3).

Positive leptin IHC expression was
significantly associated with age group (49
+ 10), obesity (69.8%), CD (20.8%) and
CRC (75.5%) (P = 0.0460, 0.032, <0.001,
respectively). Yet, there was no
relationship between leptin expression and
gender in the studied population (P =
0.334). Meanwhile, positive cyclin D1 IHC
expression was significantly correlated
with CD (21.2%) and CRC (76.9%), (P <
0.001). However, no  significant
relationship between cyclin D1 expression,
age, gender and obesity in the studied
groups, (P = 0.128, 0.246, 0.08,
respectively), (Table 6). Significant co-
expression of cyclin D1 and leptin was
observed both negatively (87.5%) and
positively (100 %), (P < 0.001),
respectively (Table 7; Figure 3).
Significant strong positive expressions of
both leptin and cyclin D1 IHC markers
were observed in CRC cases with
histological grade Il (25% and 17.5%,
respectively) & with grade 1V (45%, and
32.5%, respectively), tumor size than >
5cm (60% and 50%, respectively), positive
LN  metastasis (62.5% and 50%,
respectively), positive distant metastasis
(45%, and 47.5%, respectively), stage IlI
(25%, and 45%, respectively) and stage IV
(7.5%, and 42.5 %, respectively) (Table 8;
Figures 2 and 3).

Discussion

The present study investigated the
association of leptin as well as cyclin D1
immunohistochemical markers expression
in CD and CRC. Cyclin D1 and leptin
showed marked expression in CRC and CD
rather than in normal colon tissue. There
was also a significant association between
positive leptin expression and obesity. This
shed the light on the role of leptin and its
link to obesity in cases of colon dysplasia
pathogenesis and its progression to colon
cancer. Cyclin D1 and leptin are
significantly  correlated  with  higher



histological grade, stage, positive LN and
distant metastasis.

CRC is one of the most common and
aggressive malignancies worldwide. It
represents the second leading cause of
death due to cancer worldwide. Obesity, as
well as other risk factors, may play a role in
colon carcinogenesis.?* Both obesity and
CRC are associated with a sedentary
lifestyle, consumption of high-energy diets,
and low consumption of fruits and
vegetables.® In the present study, there was
a significant association between leptin
expression and both age and obesity, with
significant positive leptin  expression
mainly in older age and obese groups.
However, there was no significant
association between the gender of patients
and leptin markers expression in the studied
groups. Also, gRT-PCR results showed that
the elevated leptin and cyclin D1 mRNA
expression was significantly correlated
with age >50 years and obesity.
Nevertheless, there was no association
between them and gender in the studied
groups. Other studies found in accordance
with our study that obesity has been shown
to be a risk factor for the development of
CRC, with higher leptin expression in CRC
patients.®?22 On the other hand, Li et al.
reported that no significant expression
relationship was found between leptin with
age or with gender of CRC patients.?®
Regarding cyclin D1 expression, our
examination showed no significant
association between it and age, gender and
obesity in the studied groups. Al-Maghrabi
et al. and Albasri et al. agreed that cyclin
D1 overexpression did not reveal any
significant correlation with age and
gender.t” ¥ However, some authors have
suggested that CRC is a hormone-
dependent cancer and is more common in
males than in females.?* Li et al. also stated
that cyclin D1 overexpression was
associated with a higher proportion of older
patients (60 years).!! Jun et al. disagreed
and revealed that cyclin D1 intensity of
expression was significantly higher in
female CRC patients and younger age

groups.?® Discrepancies in the results of
these studies may be due to differences in
human races, sample sizes, tissue sections,
and cutoff points that can affect the results
of prognostic evaluation of cyclin D1
expression.

The present results also showed that cyclin
D1 expression is significantly higher in
CRC cases followed by CD cases compared
with normal cases. Li et al. agreed that
cyclin D1 is overexpressed in many human
cancers, including CRC, and plays an
important role in cancer cell cycle
progression.!* In addition, Albasri et al.
confirmed increased overexpression of
cyclin D1 in the progression from normal
tissue to adenoma to cancer suggesting a
carcinogenic role.®

In this study, the immunohistochemical
expression level of leptin and its association
with CD and CRC has also been studied. It
revealed a significantly higher expression
of leptin in CRC cases compared with CD
cases, and in CD compared with normal
cases. These findings go hand in hand with
that of Li et al. and Erkasap et al. who found
that leptin and cyclin D1 mRNA expression
is increased in CRC tissues compared with
normal tissues suggesting a critical role of
leptin in cancer development.?®>?® Koda et
al. also found that immunoreactivity for
leptin was detected in 51.2% (85/166) of
primary CRC.% Al-Maghrabi et al. agreed
that leptin has been found in a very high
percentage (93%) of the samples of CRC on
immunostaining.?’ Moreover,
immunoreactivity for leptin was observed
in 51.2% (85/166) of primary CRC.
However, Perumal et al. reported that leptin
was also expressed in other tumors such as
renal cell carcinoma.?® This could reinforce
the specific role of leptin in the
development of various types of cancer.?®
Significant co-expression of cyclin D1 and
leptin was observed in our study in both
negative (87.5%) and positive (100%)
responses (P < 0.001). This has been
approved in study of  human
hepatocarcinoma by Chen et al. who
suggested that cyclin D1 immunoreactivity



was enhanced in leptin-treated cells, as
leptin up-regulates cyclin D1 expression to
promote cell proliferation and down-
requlates pro-apoptotic protein.®® Our
present results showed that there was strong
and statistically significant positive co-
expression of both leptin and cyclin D1
IHC markers in CRC cases with
histological grades Il and 1V, tumor size
>5 cm, positive LN metastasis, positive
distant metastasis, and stages Ill and IV.
Based on these results, it has been
suggested that positive expression of both
leptin and cyclin D1 IHC can be associated
with poor prognosis in CRC.

Based on gRT-PCR results, leptin mMRNA
expression was significantly associated
with tumor grades 3 and 4, stages 3 and 4,
tumor size, lymph node, and distant
metastases. The overexpression of cyclin
D1 mRNA was significantly associated
with the pathological stages 3 and 4, LN
metastasis, and distant metastasis of colonic
cancer; however, it showed no association
with tumor grade and size. There was also
a significant positive association between
leptin and cyclin D1. This may indicate that
the biological effect of leptin in regulating
cancer cell proliferation may be mediated
by an increase in cyclin D1 expression
which is in line with what Lin and Hsiao
observed.®! Li et al. agreed that leptin
overexpression is a poor prognostic factor
for CRC.2 Moreover, other studies have
indicated that overexpression of cyclin D1
is a predictor of poor prognosis associated
with poor clinical outcome in CRC
patients.1% 18 32

However, in disagreement with us, Al-
Maghrabi et al. stated that cyclin D1
immunoexpression cannot be used as a
predictor of survival in CRC.!" It also does
not show any significant association with
clinicopathological features except for
lymphovascular invasion. Moreover, Jun et
al.pointed out that cyclin D1 expression can
be used as a favorable prognostic indicator
in patients with CRC.? Jeong et al. also
reported high leptin expression level was
found to be inversely associated with nodal

stage.® They also added that a higher leptin
expression level might also be a predictor
of a better oncologic outcome. This may be
due to aberrant signaling as well as leptin
genetic variations associated with obesity
and CRC. High expression, rare mutations,
and single nucleotide polymorphisms have
been found in obesity, leading to the
identification of an association between
leptin genetics, obesity, and colon cancer
risk.® Other authors also revealed that leptin
is correlated with better prognosis in CRC
patients.>*® This might be due to leptin
paradox which means better outcomes in
CRC patients with high BMI by inhibiting
tumor growth and promoting patients’
survival during the disease depending on
the amount of leptin stored in adipose
tissue.

Prognostic biomarkers can significantly
improve the choice of treatment protocol
for CRC patients. Early detection of CD
and its differentiation from neoplastic colon
lesions enables surgeons to perform
laparoscopic resection of focal dysplasia,
rather than colectomy.*® The risk of
developing CRC increases with longer
duration of colitis and greater anatomic
extent of colitis. This also indicates that the
pathogenesis of CRC in inflammatory
bowel disease (IBD) follows a sequence of
inflammation, dysplasia, and
carcinogenesis. 3637

The present study may have some
limitations. They may include a relatively
small number of samples. Furthermore, this
work evaluated leptin mRNA in general
and its association with colon dysplasia as
a predictive indicator, without taking into
account different mutations. Furthermore,
distinct leptin genetic variations, leptin
receptor mutations, and polymorphisms
may alter the prognosis of colon cancer.
Therefore, BMI can also be examined to
determine its relationship to obesity-related
colon cancer. Studies of leptin association
are limited to differences detected at the
time of inquiry. Different ethnic
backgrounds with multiple characteristics
could also be studied and integrated in



future research, as our study was conducted
in Egypt only.

Conclusion

Cyclin Dland leptin show marked
expression in colon disorders with
unfavorable outcomes in colon cancer.
Therefore, it is suggested that both leptin
and cyclin D1 can be used as markers of
poor prognosis in CRC. It is recommended
that further studies investigate larger
numbers of patients, and in different
ethnicities regarding the association of
cyclin D1 and leptin in predicting CRC
prognosis before adopting it in clinical
practice.
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Figure 1. A) BAR chart shows leptin and cyclin D1 relative expression analysis in the studied
groups expressed as mean +SD, ™ means P < 0.001 in comparison between normal colonic
mucosa, colonic dysplasia, and colonic cancer specimens. B) Scatter plot shows positive
association between leptin and cyclin D1 relative gene expression in the colonic cancer group
with a Pearson correlation coefficient (r) of 0.67, P < 0.0001.



Figure 2. This figure shows the radiological and surgical images of sigmoid colon cancer. (a)
Axial CT pelvis with contrast reveals hyperdense mass lesion in the sigmoid colon (white
arrows) measures about 10x8 cm with narrowing of the lumen (T3 NO MO0). (b) Photography

shows presence of large mass in sigmoid colon.
T3: Tumor 3; NO: Node 0; MO: Metastasis 0, CT: Computed tomography

Figure 3. This figure shows the leptin and cyclin D1 immunohistochemical marker expression
in different cases of normal and diseased colon cases. (1) Micrography shows normal colonic
mucosal glands (H&E, 200x%); (b) Micrography shows negative leptin IHC expression in
adjacent normal colonic mucosa (Leptin IHC, 200x); (c) Micrography shows mild leptin IHC
expression in a case of grade 1 well differentiated CRC (Leptin IHC, 200x); (d) Micrography
shows moderate leptin IHC expression in a case of grade 2 moderately differentiated colonic
carcinoma (Leptin IHC, 400x); (e) Micrography shows strong leptin IHC expression in a case
of grade 3 poorly differentiated colonic carcinoma (Leptin IHC, 400x); (f) Micrography shows
normal colonic mucosal glands (H&E, 200x%); (g) Micrography shows negative cyclin D1 IHC
expression in adjacent normal colonic mucosa (Cyclin D1 IHC, 200x); (h) Micrography shows
moderate cyclin D1 IHC expression in a case of grade 2 moderately differentiated CRC (Cyclin
D1 IHC, 400x); (i) Micrography shows moderate cyclin D1 IHC expression in a case of grade
3 poorly differentiated CRC (Cyclin D1 IHC, 400%); (j) Micrography shows strong cyclin D1
IHC expression in a case of grade 4 undifferentiated CRC (Cyclin D1 IHC, 400%).

H&E: Hematoxylin and Eosin; IHC: Immunohistochemical staining; CRC: Colorectal cancer

2



Table 1. Characteristics of the investigated patients (N = 60)

Variable Total specimens
N =60
N =60 %
Age in years (Mean + SD) 49+10
Gender Female 18 30.0%
Male 42 70.0%
Obesity/ BMI 2 30 Absent 2 35.0%
Present 39 65.0%
Groups (N = 60) G1 (Normal) 8 13.3%
G2 (CD) 12 20.0%
G3 (CRC) 40 66.7%
N =40 %
Clinical presentations of CRC Symptoms overlap* 5 125.0%
patients (N = 40) IDA 10 25.0%
Bleeding per rectum 5 125%
Changes in bowel habits 5 125 %
Weight loss 10 25.0%
Intestinal obstruction/Perforation 2 5.0 %
Abdominal mass 3 7.5 %

*Symptoms overlap (patients complaining of more than one of the above symptoms); N: Number; G: Group; BMI: Body mass
index; CD: Colonic dysplasia; CRC: Colorectal cancer

Table 2. Comparison of leptin and cyclin D1 mRNA relative gene expression levels in the
studied cases

Control (N =8) CD(N=12) CRC (N =40)
Gene P-value LSD
Mean = SD Mean = SD Mean + SD

Leptin 0.98+0.11 2.28+0.73 5.71+1.36 <0.0001™ 0.04" (1)
<0.0001™ (2)
<0.0001™ (3)

Cyclin D1 1.04 +£0.19 2.42 +0.66 412 +0.86 <0.0001™ 0.0005"(1)
<0.0001™(2)
<0.0001™(3)

(1) G1 vs. G2, (2) G1 vs. G3, and (3) G2 vs. G3; ™: Statistically highly significant difference (P <0.001); *: Statistically
significant difference (P <0.05). P for ANOVA test; N: Number; CD: Colonic dysplasia; CRC: Colorectal cancer; SD:
Standard deviation; LSD: Least significant difference post-hoc test



Table 3. Characteristics of the studied population as regard leptin and cyclin D1 mRNA

expression

Variable N. Leptin U P Cyclin D1 U P

Age
<50 36 3.21+£1.92 94 <0.0001™ 2.69 + 0.30 118.5 <0.0001™
>50 24 6.18+1.31 4.39+£0.66

Gender
Male 42 4.77+2.02 275 0.09 3.63+1.24 259 0.056
Female 18 353+252 2.76x1.49

Obesity

(BMI 230)
Absent 21 2.60 £2.02 126 <0.0001™ 2.34+1.42 1575 0.0001™
Present 39 5.36 £1.69 3.92 +£0.98

The data expressed as mean +SD, **: Statistically highly significant difference (P <0.0001), P-value for Mann-Whitney U test;
SD: Standard deviation; BMI: Body mass index; N: Number

Table 4. Association of leptin and cyclin D1 mRNA expression and clinicopathological
characteristics in colonic cancer patients

Characteristics N. Leptin U P Cyclin D1 U P
Histological
Grade
G1&G2 9 4.74 +1.07 66.5 0.018" 3.83+0.74 94 0.14
G3&G4 31 599 +1.31 4,21 +£0.88
Staging
1&2 9 481+1.13 705 0.026" 3.58 +0.92 76.5 0.043"
3&4 31 597 +1.32 4.28 £0.79
Tumor size
<5cm 15 5.02 +£1.08 99.5 0.014" 3.82 +0.86 120.5 0.06
>5cm 25 6.13 +1.36 4.30 £0.82
LN metastasis
Negative 14 4.43 +0.59 19 <0.0001™ 3.65+0.83 84.5 0.005"
Positive 26 6.40 £1.13 4.38+0.78
Distant
metastasis
Negative 19 458 +£0.61 4 <0.0001™ 3.57 +0.85 55.5 0.0001™
Positive 21 6.74 £0.97 4.62 +0.50

The data are expressed as mean +SD, *: Statistically significant difference (P: <0.05), ™*: Statistically highly significant
difference (P: <0.0001), P: -value for Mann-Whitney U test; N: Number; G: Group; LN: Lymph node

Table 5. Frequency of IHC leptin and cyclin D1 expression in the investigated cases (N = 60)

Leptin Cyclin D1
N % N %
Negative 7 11.7% 8 13.3%
Positive Mild 8 13.3% 9 15.0%
Moderate 12 20.0% 20 33.3%
Strong 33 55.0% 23 38.3%
Total Negative 7 11.7% 8 13.3%
Positive 53 88.3% 52 86.7%

N: Number; IHC: Immunohistochemical staining



Table 6. Characteristics of the studied groups as regard cyclin D1 and leptin expression

Variable Cyclin D1 P- Leptin P-
- — value . - value
Negative Positive Negative Positive
N=8 N =52 N=7 N =53
N % N % N % N %

Age (years) 43 +8 49 10 0.128 416 49 £10 0.046
Gender Female 1 125% 17 327% 0246 1 143% 17 32.1% 0.334
Male 7 87.5% 35 67.3% 6 85.7% 36 67.9%

Obesity  Absent 5 62.5% 16 30.8% 0.08 5 71.4% 16 30.2% 0.032

(BMI 2 Present 3 375% 36 69.2% 2 28.6% 37 69.8%

30)

Group Gl 7 875% 1 19% <0.001 6 85.7% 2 3.8% <0.001
(Normal)
G2(CDh) 1 125% 11 21.2% 1 143% 11 20.8%
CRC 0 0.0% 40 76.9% 0 0.0% 40 75.5%

Quantitative data were expressed as mean +SD and compared using independent T test, while qualitative data were expressed
as numbers and percentages and compared using Chi-square X2 test; N: Number; G: Group; BMI: Body mass index; CD:
Colonic dysplasia; CRC: Colorectal cancer

Table 7. Frequency of immunohistochemical markers co- expression of leptin and cyclin D1
in the studied cases

Markers Cyclin D1 P-
Negative (N =8) Positive (N =52) value
N % N %
Leptin Negative 7 87.5% 0 0.0% <0.001
Positive 1 12.5% 52 100.0%

Variables expressed as numbers (N) and percentages (%) and compared using chi-square X2 test



Table 8. Association of cyclin D1 IHC expression and clinicopathological features of CRC (N = 40)

Cyclin D positive cases Chi- P- Leptin positive cases Chi-square P value
square value
Variable . test .
Total Low High Low High
N % N % N % N % N %
Histological G1,2 9 225 7 175 2 5 10.8524 0.000987* 8 20 1 25 10.2261 0.001385*
Grade (G) G34 31 775 6 15 25 625 9 225 22 55
Tumor size” 1 15 375 9 225 6 15 6.5934 0.010236* 10 25 5 125
2 25 62.5 5 125 20 50 4 10 21 52.5 10.5788 0.001144*
LN metastasis ™ 0 14 35 10 25 4 10 11.4004 0.003345* 8 20 6 15
1 26 65 5 125 21 525 3 75 23 57.5 9.4926 0.002063*
Distant 0 19 475 13 325 6 15 8.0211 0.004624* 12 30 7 175
Metastasis *** 1 21 52.5 5 125 16 40 6 15 15 375 4.8211 0.028113*
Staging 1,2 9 22.5 5 125 4 10 6 15 3 75
according  to 34 31 775 5 125 26 65 5.7826 0.016186* 8 20 23 57.5 5.1188 0.023669*
AJCC /2017

*

: Tumor size (1 < 5cm, 2 >5 cm);
AJCC: American Joint Committee on Cancer

™. LN metastasis (0 =absent, 1 =present);

£33

: Distant metastasis (0= absent, 1= present); G1,2: Groups 1 and 2; G3,4: Groups 3 and 4; LN: Lymph node;



