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Summary

Purpose: This study tested whether there exists a correla-
tion between leptin receptors (LEPR) expression with pro-
liferation and neoangiogenesis in colorectal carcinoma.
Methods: Enrolled were 75 patients with colorectal carci-
noma, who underwent surgical tumor resection. After rou-
tine histopathological preparation, sections 3-4 um thick
were prepared. Routine H®E and immunohistochemical
ABC method with anti-LEPR, anti-Ki67 and anti-CD 105
antibodies were performed.

Results: Pronounced or moderate LEPR expression in
colorectal carcinoma was found in 77.3% of the cases.
Absence of expression of LEPR correlated with low rate
of proliferation in 94.1% of the cases, while high prolif-
eration rate showed 92% of the cases with pronounced
LEPR expression. Low grade neoangiogenesis correlated

Introduction

Colorectal carcinoma is a multifactorial dis-
ease being a consequence of intereaction between
genetic and environmental factors. Numerous ep-
idemiologic studies have demonstrated close cor-
relation of this tumor with eating habits, because
high incidence of colorectal carcinoma is observed
in obese persons with “western type diet” (highly
caloric food, rich in fats of animal origin), reduced
physical activity and reduced intake of fibers [1,2].
It is confirmed that obese persons have 1.5 -3.5-
fold increased risk for development of colorectal
carcinoma compared to normal-weight persons
[3], and it is estimated that 15-45% of deaths in

with absence of LEPR expression in 88.2% of the cases.
In 92% of the cases with pronounced LEPR expression,
high rate of angiogenesis was observed. The LEPR expres-
sion correlated significantly (p<0.001) with proliferation
index (prolDX) and neoangiogenesis index (mvdIDX). The
corresponded correlation coefficients indicated considera-
ble strength of association between variables (r=0.63 and
r=0.60).

Conclusion: Our results demonstrated that LEPR expres-
sion in colorectal carcinoma significantly corresponded to
proliferation index of tumor cells and neoangiogenesis,
which could have significant therapeutic and prognostic
implications.

Key words: angiogenesis, colorectal carcinoma, leptin/
leptin receptors, proliferation

Europe are a consequence of obesity [4].

Key molecule in obesity development is lep-
tin, product of obese gene (ob-gene), a peptide
of 16kDa, primarily secreted by adipocytes. The
main function of leptin is regulation of energy
consumption and appetite [2,4]. Leptin acts via its
receptors (LEPR), which belong to the first class
of cytokine family receptors, identified as trans-
membrane proteins with multiple isoforms, from
LEPRa to LEPRf. The second isoform LEPRb ap-
pears as functional signal-transduction isoform,
activating intracytoplasmatic transductional
pathways, and it is responsible for leptin actions.
The role of shorter isoforms is still unclear [5,06].

Expression of leptin and LEPR is observed in
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different tissues, and it has been reported that lep-
tin stimulates the proliferation of different malig-
nant cells [3,7-9]. Besides, there is more evidence
that leptin has an important role in tumor inva-
sion, metastasis, angiogenesis and refractoriness
to chemotherapy [9]. It has been shown that LEPR
are expressed on endothelial cells and adipocytes,
and that leptin increases the proliferation of ma-
lignant cells of breast , oesophagus, stomach,co-
lon and prostate cancer [3,7,8].

In prostate and endometrial carcinoma, it has
been determined that leptin not only promotes
the proliferation, but it also stimulates invasive-
ness and migration of malignant cells [7,9]. Upon
these reports, it is suggested that leptin serves as
multi-functional growth factor in carcinogenesis
and promotes more aggressive phenotypes of car-
cinomas [3,8].

The aim of this research was to investigate
the influence of LEPR expression on the prolifera-
tion and angiogenesis in colorectal carcinoma.

Methods

Patients and tissue samples

The survey covered 75 patients (45 men, mean age
65.9 years, range 34-89 and 30 women, mean age 60.8
years, range 27-83) with colorectal adenocarcinoma
who underwent surgical treatment at the Surgical Clin-
ic of the Clinical Center of Montenegro (CCMNE) be-
tween January 2010 to December 2012. Depending on
the size of the tumor, 5-15 biopsies were taken, includ-
ing also 2-3 biopsies of the adjacent , non tumorous
colorectal tissue. After fixation in 10% neutral buffered
formaldehyde, the bioptic material was routinely pro-
cessed, embedded in paraffin and archived.

Tissue samples of colorectal cancer composed the
study group whereas the cases of adjacent non tumor-
ous tissues composed the control group. The study
protocol was approved by the local Ethics Committee
which gave permission for using paraffin embedded
tissues.

Histopathology

Serial sections 3-4pum thich were made on all par-
affin blocks of all resected tumors and regional lymph
nodes, and subjected to routine H&E staining for histo-
pathological lesions’ verification.

Immunohistochemical examination

The nuclear proliferation antigen Ki67 was used
for testing the proliferative activity in colorectal car-
cinoma tissue, whereas for angiogenesis testing, we
used Endoglin (CD105, Dako, Glostrup, Denmark), and
according to its expression, we determined microvas-

cular density (MVD) in tumor and peritumoral stroma.

Representative tissue sections 3pm thick were
heated at 55 °C to melt the paraffin, deparaffinised in
xylene (3x5min) and then rehydrated through grad-
ed ethanols. Antigen retrieval was enhanced by au-
toclaving slides in sodium citrate buffer (pH 6.0) for
30 min. Endogenous peroxidase activity was blocked
with 0.3% hydrogen peroxide-methanol buffer for 25
min. The examined tissue sections were incubated
with rabbit polyclonal anti-Leptin receptor antibody
(Abcam, Burlingame, CA, USA; 1:60), rabbit mono-
clonal Ki67 antibody (Abcam; 1:100) and monoclonal
mouse anti-human CD 105 (Dako, Clone SNGh, 1:10)
at +4 °C overnight. Immunostaining was performed
by the avidin-biotin peroxidase complex (ABC) meth-
od (Vectastain ABC-Elite kit, Vector Laboratories, Burl-
ingame, CA, USA). Staining was visualized with 3,3di-
aminobenzidine tetrachloride (DAB). The slides were
counterstained with Mayer hematoxylin and mounted
in Canada balsam. In negative controls the primary an-
tibody was replaced with phosphate buffered solution
(PBS).

Quantification of immunohistochemical staining

Expression of LEPR was measured in 10 fields of
microscopic magnification 400x and classified as fol-
lows: O, no cell stained or <10% positive cells (negative
finding); +, 10-50% positive cells (moderate expres-
sion); + +, > 50% positive cells (high expression) [10].

In evaluating the expression of Ki67, only stained
nuclei were taken into account, while for the evaluation
of Ki67-positive cells per mm? by area the multipur-
pose test system M42 by Weibel was used. The objec-
tive micrometer (Reichert Wien 2mm/200) was used to
determine the measuring area of 0.016 mm? . For test-
ing Ki67, positive cells/mm? were counted successively
by 10 “hot spots”. The absolute value of the density of
positive cells in the “hot spot” was determined stere-
ometrically [11]. The arithmetic mean of the obtained
values of the “hot spots” represented the final number
of Ki67 positive cells per mm2 per case. The median
was subsequently determined and the absolute values
of the density of positive cells were divided into two
groups: those with low expression level (value < the
median value) and those with high level of expression
(values > the median value). These values represented
the proliferative activity (proIDX).

MVD was calculated by counting microvascular
CD105 positive structures, applying microscopic mag-
nification of 400x, whereas first were selected areas
with highest MVD (“hot spots”). Every single cell or
field marker was counted as microvascular structure.
For the determination of MVD it was also used the
multitask test system M42 according to Weibel and
measure field of 0.016 mm? with Olympus BH-2 micro-
scope. For the investigation of MVD per mm?, 10 “hot-
spots” were counted successively, and the absolute val-
ue of positive vascular structures density in “hotspot”
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was determined stereometrically [12]. The final result
was from the study of 10 consecutive fields on aver-
age. After having obtained data regarding the number
of microvascular structures for each patient, the me-
dian was determined, according to which, the patients
were divided into two groups: those with low grade of
angiogenesis (MVD in tumor < than median value), and
those with high grade of angiogenesis (MVD>than me-
dian value). From absolute determined values of MVD
regarding deviation from median, MVD index was ob-
tained.

The expression of the aforementioned markers
was evaluated by two independent pathologist.

Statistics

The statistical software package SPSS for Windows
(13.0) (SPSS Inc, Chicago, Ill) was used for conducting
statistical analyses. Chi-square test and Mann-Whitney
U-test were used to estimate significant differences of
parameters between the groups. Then, the Kolmogo-
rov-Smirnov normality test and correlation analysis
(Spearman’s rank correlation coefficient and Pearson’s
correlation coefficient) were used. A p<0.05 was consid-
ered as statistically significant.

Results

LEPR expression in colorectal cancer and adjacent
non tumorous tissues

Microgranular LEPR expression was detect-
ed in the cytoplasm and cell membrane. A sta-
tistically significant difference in the prevalence
of LEPR- positive cells was found between non

500

Figure 1. Pronounced intracytoplasmic and intram-
embranous LEPR expression in colorectal carcinoma
areas (ABC x200).

tumorous tissue and colorectal adenocarcinoma
(Mann-Whitney U-test = 1337.5, p<0.0001).

In non tumorous tissues LEPR expression
was negative in a significant number of the cases
(62.7%, x*=4.813, p=0.028), moderate expression
[LEPR (+)] in 28 cases (37.3%, x*>=4.813, p=0.028),
and no high expression [LEPR (++)] was found in
nontumor colorectal tissue (Table 1).

In colorectal carcinoma tissue, LEPR expres-
sion was verified in a significant number of cas-
es (77.3%), while a significantly lower number of
cases (22.7%) had negative LEPR expression. This
group was most commonly characterised (44%)
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Figure 2. Ki67 positive cells per mm? of the investigated tissues.
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Figure 3. Microvascular density (MVD) per mm? of the investigated tissues.

by moderate expression of LEPR (+). Pronounced
expression of LEPR (++) was found in one third of
the cases (33.3%; Table 1, Figure 1).

Immunohistochemical expression of Ki67 and CD105
in colorectal cancer and adjacent non tumorous tis-
sues

Box plots show the comparison of immuno-
histochemical expression of Ki67 positive cells
per mm? in colorectal cancer and adjacent non tu-
morous tissues (Figure 2), and of CD105 positive
cells per mm?2 in colorectal cancer and adjacent
non tumorous tissues (Figure 3). The comparison
revealed significant differences for both immu-
nohistochemical parameters between cancerous
and non cancerous tissues. The median number
of Ki67 positive cells per mm?2 in colorectal car-
cinoma was 3093.03 (range 1475.13-48006.08)
compared to 547.23 (range 452.06-761.36 for non

Table 1. LEPR expression in colorectal adenocarcinoma
and adjacent non tumor tissue

LEPR Colorectal Non tumor
expression adenocarcinoma tissue

N % N %
<10% positive cells 17 22.7 47 62.7*%
10-50% positive cells 33 44.0 28 37.3
>509% positive cells 25 33.3 - -
*p=0.028

tumorous tissues (p<0.0001). Similarly, the me-
dian number of CD105 positive cells per mm?2
was 582.91 (range 333.09-1231.42) compared to
142.75 (range 45.58-214.13) for non tumorous tis-
sues (p<0.00001).

Association between LEPR and KiG7 expressions

A significant correlation between the prolif-
eration levels was determined, expressed as the
proliferation index and the expression of LEPR
in colorectal carcinoma tissue. The low prolifer-
ative level correlated with absence of expression
of LEPR in a very high number of cases (94.1%).
High proliferation index corresponded to a signifi-
cant 92% of the cases with pronounced expression
of the LEPR (Figure 4). Moderate LEPR expres-
sion had a greater share of low proliferation index
(63.6%), whereas high proliferation index was de-
termined in 36.4% of the cases. (Figure 5)

Association between LEPR expression and MVD

The link between MVD, as expressed through
neoangiogenesis index (mvdIDX) and LEPR ex-
pression was very obvious. Low grade of neoan-
giogenesis correlated with absence of LEPR ex-
pression in most (88.2%) of the cases, and high
index of neoangiogenesis was connected with
pronounced LEPR expression in 92% of the cases.
In moderate LEPR expression, more common was
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Figure 4. Proliferation index in relation to LEPR
expression in colorectal carcinoma.
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Figure 5. Pronounced intracytoplasmic and intram-
embranous LEPR expression in colorectal carcinoma
areas (ABC x200).
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Figure 6. Neoangiogenesis in relation to LEPR ex-
pression in colorectal carcinoma.

the proportion of low index of neoangiogenesis
(66.7%), compared to high neoangiogenesis index
(33.3%) (Figures 0,7).

JBUON 2015; 20(1): 104

X 1 ¥y S
s i e=Fin. o W) & ] RS Ly J = Y .

Figure 7. Intensive CD105 expression in microcircu-
lation endothelium (ABC x200).

Table 2. Correlation matrix - correlation parameters —
significance and degree of dependence

LEPR proIDX mvdIDX
r 1.00 0.66* 0.63*
LEPR
0.00 0.00
r 0.66* 1.00 0.47*
prolDX
r 0.63* 047* 1.00
mvdIDX
0.00 0.00

*p<0.001, r: Spearman’s correlation coefficient.
For other abbreviations see text

Correlation analyses of LEPR expression, prolifera-
tion index and neoangiogenesis

Table 2 illustrates all the parameters which
were the subject of this analysis. LEPR expres-
sion with significant and highly positive corre-
lation coefficients (Spearman’s correlation coeffi-
cient, r=0.63 and r=0.66, p<0.001) was related to
expression index of nuclear proliferative antigen
(prolDX) and neoangiogenesis index (mvdIDX).
Besides the indexes of proliferation and neoangio-
genesis, the absolute values of Ki67 and Endoglin
(CD105) showed highly significant correlation
coefficients related to LEPR expression (Pear-
son’s correlation coefficient r=0.514 and r=0.548,
p<0.001). This implies that increased LEPR ex-
pression corresponds to increased proliferative
activity and creation of new vascular structures
in colorectal adenocarcinoma.
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Discussion

In recent years, the obesity and physical in-
activity are the most emphasized and pronounced
risk factors in the development of colorectal car-
cinoma [4,12-15]. It is already said that obese per-
sons have higher risk of developing this type of
tumor, compared to those with normal weight [3].
It is considered that high level of physical activ-
ity reduces the risk of colorectal carcinoma up to
50%, whereas an explanation is that physical ac-
tivity improves bowel movements [16]. Numerous
studies have shown that leptin has great influence
in development of obesity, through activation of
its receptors [5,6].

In this research, microgranular LEPR expres-
sion was detected in the cytoplasm and cell mem-
brane of cancer cells in a significant number of
cases (77.3%), while in non tumorous tissue mod-
erate expression was observed rated in 37.3% of
cases. Pronounced LEPR expression in high per-
cents of colorectal carcinoma has been reported
by other authors also. These data are, reasonably,
heterogeneous. Koda et al. detected LEPR expres-
sion in 65.2% [10], Wang et al. in 76.5% [17], and
Uddin et al. detected LEPR expression in 87.3 % of
colorectal carcinoma [18].

Numerous reports in the literature imply that
leptin has important role in the genesis and pro-
gression of colorectal carcinoma [17,19]. Leptin
serum level is increased in obese people, and it is
directly correlated with the amount of fat depos-
its. This could be an important link between obe-
sity and colorectal carcinoma, and a recent report,
that high leptin serum level represents an inde-
pendent risk factor for development of colorectal
carcinoma, supports this hypothesis [20].

Although some authors deny relations be-
tween plasma soluble LEPR and risk for colorectal
carcinoma [21], yet many authors have well doc-
umented a link between serum leptin and tumors
of epithelial origin, including colorectal carcino-
ma [22,23]. Numerous reports confirm the opinion
that leptin has stimulatory effects on malignant
cells proliferation in different localizations [3,7-
9,19,24,25], and the results of correlation analyses
in our study demonstrated that LEPR expression
had highly positive correlation related to prolifer-
ative index, in concordance to these reports. In our
research, in a very high number of cases (94.1%),
absence of LEPR expression correlated with low
proliferation index, and concurrently, high prolif-
eration index corresponded to 92% of cases with
pronounced LEPR expression. In tissue culture it
has also been demonstrated that leptin stimulates

proliferation and promotes cell migration and an-
giogenesis of human colorectal carcinoma cells
[26].

There are numerous reports emphasizing the
predictive value of MVD in different malignant
tumors [27-30], but regarding the role of angio-
genesis in colorectal carcinoma, results from dif-
ferent studies are controversial. While Bossa et
al. [31] and Pietra et al. [32] denied a predictive
importance of angiogenesis, Saad et al. using En-
doglin, claimed that significant correlation existed
between increased MVD with recurrence, metas-
tasis and survival [30]. These conflicting results
can be explained by the fact that different mark-
ers were used, and different immunohistochem-
ical techniques as well. Namely, in the research
of Bossi et al. [31] and Pietra et al. [32] used were
the panendothelial markers CD34, CD31 and von
Willebrand factor, which show pronounced ex-
pression in normal tissue also and are not spe-
cific for blood vessels, because they stain lym-
phatics as well [28,33]. In this context, Endoglin
as marker of angiogenesis has some advantages;
first, Endoglin antibody binds mainly to activated
endothelial cells that take part in tumor angio-
genesis, and only to 20% of non neoplastic blood
vessels, and doesn’t bind to inflammatory or stro-
mal cells [30,34]. In our study, for investigation of
MVD in tumor tissue, Endoglin (CD105) was used.
Pronounced Endoglin expression was present in
tumor and peritumoral vasculature in all cases
of colorectal carcinoma, while its expression was
weak or negative in adjacent non tumorous tissue
, which is in concordance with the results of Saad
et al. [30] and Minhajat et al. [34].

The results of our research indicate that high
index of neoangiogenesis (92% of the cases) was
related to high LEPR expression, while low index
of angiogenesis (88.2%) was related to absence
of LEPR expression. In cases of moderate LEPR
expression, low angiogenesis index was more fre-
quent (66.7%), compared to high index of angio-
genesis (33.3%). Correlation analysis demonstrat-
ed that LEPR expression correlated significantly
with the proliferation and neoangiogenesis in-
dices. The corresponding correlation coefficients
indicated considerable strength of association
between LEPR expression and proliferative activ-
ity and neoangiogenesis in colorectal carcinoma.
Our results are convergent to the studies em-
phasizing that leptin takes part in tumor spread-
ing and stimulation of angiogenesis, like VEGF
[3,9,19,22,26,35].

It is observed that, when it comes to the in-
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crease of number and size of adipocytes , it starts
with production of leptin that is secreted in the
circulation [20]. Circulating leptin levels increase
at night, and reach peak in the middle of night
hours. Leptin secretion in adipocytes and its cir-
culatory values are mainly regulated by insulin,
glucocorticoids and catecholamines [5]. Leptin is
released cyclically, usually 2-3 hours after meals,
and its half-life is 30 min. During aging, leptin
levels decrease slowly, and this reduction is high-
er in women compared to men, not depending on
body mass index and other endocrine changes
connected to aging [36].

The main function of leptin is the regulation
of body weight by negative feedback between ad-
ipose tissue and satiety center in hypothalamus
[3,37]. Leptin acts on metabolism directly, by in-
creasing the metabolism in adipocytes and non
adipose tissue with increased oxidation of fatty
acids, and indirectly, by decreasing the plasma
insulin level and decreasing the sensitivity of
peripheral tissue (first of all adipocytes) to in-
sulin [22,38]. Leptin gives information to brain
about fat deposits in the body, and acts like part
of reversal mechanism that can work as lipostat
[39,40]. Besides, leptin acts in regulation of ener-
gy consumption, in the proliferation of many nor-
mal and neoplastic tissues, in angiogenesis, but
also has role in hematopoiesis and reproduction
[3,22,39,41]. Experimentally, it has been demon-
strated that leptin administration to female rats
results in ovulation, pregnancy and lactation [35].
It is also observed that during the reproductive
years, leptin level is higher in the middle of lu-
tein phase, and that estrogens increase leptin
level, while in menopauseal women leptin level
decreases [35,42].

Leptin action in energetic metabolism is well
known, but its role becomes more complex after
information about LEPR expression in many tu-
mor tissues. Koda et al. demonstrated positive
correlation between leptin, LEPR and hypoxia-in-
ducible-factor-lalpha (HIF-la) in endometrial
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carcinoma, which clearly implies contribution
of tissue hypoxia on the expression of leptin and
LEPR [10]. It is known that HIF-1a positive tum-
ors can be resistant to chemotherapy and radio-
therapy because of accelerated transcription pro-
cesses that confront apoptosis and favor tumor
cells survival [43,44].

Except colorectal carcinoma, LEPR expres-
sion is found in tumor cells of the stomach, breast,
lung, prostate, endometrial and thyroid carcino-
mas [3,7,8,9,25,37,45]. Also, it is observed that en-
dometrial , breast and prostate carcinoma are as-
sociated with obesity, so it is suggested that this
phenomenon can be associated with production of
biologically active substances secreted in adipose
tissue [46,47].

Several authors, using different cell lines
of colorectal carcinoma have shown that leptin
through its receptors can activate different signal
pathways for growth and proliferation of cancer
cells, including JAK/STAT,PI3K/AKT and MAP-ki-
nase pathway [48]. Other researchers have shown
that leptin stimulates phosphorylation and activa-
tion of STAT3 protein on JAK2 dependent pathway,
whereby activated STAT?3 is involved in prolifera-
tion, inhibition of apoptosis and cell transforma-
tion [49,50]. Similar are the results of Abubaker et
al. [51], who determined that inhibition of JAK2
activity breaks the signal pathway of STAT3 acti-
vation. It is also demonstrated that activation of
PI3K/AKT with leptin happens through activation
of JAK2 [51]. According the reports of Wang et al.
[17,52], it can be presumed that leptin modulates
the survival of colorectal cancer cells through ac-
tivation of PI3K/AKT/mTOR signal pathways. For
PI3K/AKT signal pathway, it is known that it reg-
ulates multiple cell processes, including cell pro-
liferation, growth and viability [53].

In conclusion, this study has demonstrated that
LEPR expression in colorectal carcinoma is signifi-
cantly related with the proliferation index of tumor
cells and neoangiogenesis , which could have sig-
nificant therapeutic and prognostic implications.



Leptin receptors in colorectal carcinoma

107

References

1.

10.

11.

12.

13.

14.

15.

16.

Ferlay ], ShinHR, Bray F, FormanD, Mathers C, Par-
kin DM. Cancer Incidence and Mortality Worldwide.
IARC Cancer Base, Globocan 2008, No 10, pp 1027-
1056, TARC Lyon.

Van Duijnhoven FJ, Bueno-De-Mesquita HB, Ferrari P
et al. Fruit, vegetables, and colorectal cancer risk: the
European Prospective Investigation into Cancer and
Nutrition. Am J Clin Nutr 2009;89:1441-1452.

Zhao L, Shen ZX, Luo HS, Shen L. Possible involve-
ment of leptin and leptin receptor in developing
gastric adenocarcinoma. World ] Gastroenterol
2005;28;11:7666-7670.

Pischon T, No6thlings U, Boeing H. Obesity and cancer.
Proc Nutr Soc 2008;67:128-145.

Myers MG Jr. Leptin receptor signaling and the reg-
ulation of mammalian physiology. Recent Progr Hor-
mone Res 2004;59:287-304.

Tu H, Pan W, Feucht L, Kastin AJ. Convergent traf-
ficking pattern of leptin after endocytosis mediated by
ObRa-ObRd. J Cell Physiol 2007;212:215-222.

Frankenberry KA, Somasundar P, McFadden DW, Vo-
na-Davis LC. Leptin induces cell migration and the ex-
pression of growth factors in human prostate cancer
cells. Am J Surg 2004;188:560-565.

Jeong YJ, Bong JG, Park SH, Choi JH, Oh HK. Expres-
sion of leptin, leptin receptor, adiponectin, and adi-
ponectin receptor in ductal carcinoma in situ and in-
vasive breast cancer. ] Breast Cancer 2011;14:96-103.

Sharma D, Saxena NK, Vertino PM, Anania FA. Leptin
promotes the proliferative response and invasiveness
in human endometrial cancer cells by activating mul-
tiple signal-transduction pathways. Endocr Relat Can-
cer 2006;13:629-640.

Koda M, Sulkowska M, Kanczuga-Koda L et al. Expres-
sion of the obesity hormone leptin and its receptor
correlates with hypoxia-inducible factor-lalpha in
human colorectal cancer. Ann Oncol 2007;18(Suppl
6):vil16-119.

Mouton PR. Unbiased Stereology: A Concise Guide.
Baltimore, John Hopkins University Press, 2011, pp
1-171.

Boeing H. Obesity and cancer--the update 2013. Best
Pract Res Clin Endocrinol Metab 2013;27:219-227.

Hamilton SR, Bosman FT, Lyas M et al. Carcinoma
of the colon and rectum. In: Bosman FT, Carniero F,
Hruban RH, Theise D (Eds): WHO Classification of Tu-
mours Of the Digestive System (4th Edn),IARC, Lyon
2010, pp 132-140.

Haggar FA, Boushey RP. Colorectal cancer epidemi-
ology: incidence, mortality, survival, and risk factors.
Clin Colon Rectal Surg 2009;22:191-197.

de Jong AE, Morreau H, Nagengast FM et al. Preva-
lence of adenomas among young individuals at av-
erage risk for colorectal cancer. Am ] Gastroenterol
2005;100:139-143.

Chan AT, Giovannucci EL. Primary prevention of
colorectal cancer. Gastroenterology 2010;138:2029-
20453.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Wang D, Chen J, Chen H et al. Leptin regulates pro-
liferation and apoptosis of colorectal carcinoma
through PI3K/Akt/mTOR signalling pathway. ] Biosci
2012;37:91-101.

Uddin S, Bavi PB, Hussain AR et al. Leptin recep-
tor expression in Middle Eastern colorectal cancer
and its potential clinical implication. Carcinogenesis
2009;30:1832-1840.

Yoon KW, Park SY, Kim JY et al. Leptin-induced adhe-
sion and invasion in colorectal cancer cell lines. Oncol
Rep 2014;31:2493-2498.

Tutino V, Notarnicola M, Guerra V, Lorusso D, Caruso
MBQG. Increased soluble leptin receptor levels are asso-
ciated with advanced tumor stage in colorectal cancer
patients. Anticancer Res 2011;31:3381-3383.

Song M, Zhang X, Wu K et al. Plasma adiponectin and
soluble leptin receptor and risk of colorectal cancer: a
prospective study. Cancer Prev Res (Phila) 2013;6:875-
885.

Janeckova R. The role of leptin in human physiology
and pathophysiology. Physiol Res 2001;50:443-459.

Stattin P, Lukanova A, Biessy C et al. Obesity and co-
lon cancer: does leptin provide a link? Int J Cancer
2004;109:149-152.

Fenton JI, Lavigne JA, Perkins SN et al. Microarray
analysis reveals that leptin induces autocrine/parac-
rine cascades to promote survival and proliferation of
colon epithelial cells in an Apc genotype-dependent
fashion. Mol Carcinog 2008;47:9-21.

Sheffield L. Malignant transformation of mammary
epithelial cells increases expression of leptin and lep-
tin receptor. Endocr Res 2008;33:111-118.

Ratke ], Entschladen F, Niggemann B, Zanker KS,
Lang K. Leptin stimulates the migration of colon car-
cinoma cells by multiple signaling pathways. Endocr
Relat Cancer 2010;17:179-1809.

Liu H, Wan D, Pan Z et al. Expression and biologi-
cal significance of leptin, leptin receptor, VEGF, and
CD34 in colorectal carcinoma. Cell Biochem Biophys
2011;60:241-244.

Sundov Z, Tomic S, Alfirevic S et al. Prognostic val-
ue of MVD, LVD and vascular invasion in lymph
node-negative colon cancer. Hepatogastroenterology
2013;60:432-438.

Hansen TF, Nielsen BS, Jakobsen A, Serensen FB. Vis-
ualising and quantifying angiogenesis in metastatic
colorectal cancer: A comparison of methods and their
predictive value for chemotherapy response. Cell On-
col (Dordr) 2013;36:341-350.

Saad RS, Liu YL, Nathan G, Celebrezze J, Medich D,
Silverman JF. . Endoglin (CD105) and vascular en-
dothelial growth factor as prognostic markers in
colorectal cancer. Mod Pathol 2004;17:197-203.

Bossi P, Viale G, Lee AK et al. Angiogenesis in colorec-
tal tumors: microvessel quanitation in adenomas and
carcinomas with clinicopathological correlations.
Cancer Res 1995;55:5049-5053.

Pietra N, Sarli L, Caruana P et al. Is tumor angiogene-
sis a prognostic factor in patients with colorectal can-
cer and no involved nodes? Eur J Surg 2000;166:552-

JBUON 2015; 20(1): 107



108 Leptin receptors in colorectal carcinoma
556. strual cycles and gonadotropin treatment cycles. Gy-
33. Anannamcharoen S, Nimmanon T. Study of the vascu- necol Obstet Invest 2000;49:119-123.

34,

35.

30.

37.

38.

39.

40.

41.

42.

43,

lar endothelial growth factor (VEGF) expression and
microvascular density (MVD) in primary colorectal
cancer specimens. ] Med Assoc Thai 2012; 95:1041-
1047.

Minhajat R, Mori D, Yamasaki F, Sugita Y, Satoh T,
Tokunaga O. Endoglin (CD105) expression in angi-
ogenesis of colon cancer: analysis using tissue mi-
croarrays and comparison with other endothelial
markers. Virchows Arch 2006;448:127-134.

Elias CF, Purohit D. Leptin signaling and circuits in
puberty and fertility. Cell Mol Life Sci 2013;70:841-
862.

Isidori AM, Strollo F, Morée M et al. Leptin and ag-
ing: correlation with endocrine changes in male and
female healthy adult populations of different body
weights. J Clin Endocrinol Metab 2000;85:1954-1962.

Landry D, Cloutier F, Martin L]. Implications of leptin
in neuroendocrine regulation of male reproduction.
Reprod Biol 2013;13:1-14.

Dai Z, Xu YC, Niu L. Obesity and colorectal cancer risk:
a meta-analysis of cohort studies. World ] Gastroen-
terol 2007;13:4199-4200.

Hausman GJ, Barb CR. Adipose tissue and the re-
productive axis: biological aspects. Endocr Dev
2010;19:31-44.

Baile CA, Della-Fera MA, Martin R]. Regulation of
metabolism and body fat mass by leptin. Annu Rev
Nutr 2000;20:105-127.

Vernooy JH, Ubags ND, Brusselle GG et al. Leptin as
regulator of pulmonary immune responses: involve-
ment in respiratory diseases. Pulm Pharmacol Ther
2013;26:464-472.

Méndez-Lépez LF, Davila-Rodriguez MI, Zavala-Pom-
pa A et al. Expression of leptin receptor in endome-
trial biopsies of endometrial and ovarian cancer pa-
tients. Biomed Rep 2013;1:659-663.

Yamada M, Irahara M, Tezuka M, Murakami T, Shima
K, Aono T. Serum leptin profiles in the normal men-

JBUON 2015; 20(1): 108

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Koukourakis MI, Giatromanolaki A, Sivridis E, Fe-
zoulidis I. Cancer vascularization: implications in ra-
diotherapy? Int J Radiat Oncol Biol Phys 2000;48:545-
553.

Di Cristofano A. Obesity and thyroid cancer: is leptin
the (only) link? Endocrinology 2013;154:2567-2569.

Zhang Y, Proenca R, Maffei M, Barone M, Leopold L,
Friedman JM. Positional cloning of the mouse obese
gene and its human homologue. Nature 1994;372:425-
432.

Sulkowska M, Golaszewska J, Wincewicz A, Koda M,
Baltaziak M, Sulkowski S. Leptin--from regulation
of fat metabolism to stimulation of breast cancer
growth. Pathol Oncol Res 2006;12:69-72.

Saxena NK, Sharma D, Ding X et al. Concomitant acti-
vation of the JAK/STAT, PI3K/AKT, and ERK signaling
is involved in leptin-mediated promotion of invasion
and migration of hepatocellular carcinoma cells. Can-
cer Res 2007;67:2497-2507.

Zizi-Sermpetzoglou A, Savvaidou V, Myoteri D, Rizos
S, Marinis A. Expression of pSTAT3 in human colorec-
tal carcinoma: correlation with clinico-pathological
parameters. ] BUON 2012;17:691-694.

Quintads-Cardama A, Verstovsek S. Molecular path-
ways: Jak/STAT pathway: mutations, inhibitors, and
resistance. Clin Cancer Res 2013;19:1933-1940.

Abubaker K, Luwor RB, Zhu H et al. Inhibition of the
JAK2/STAT?3 pathway in ovarian cancer results in the
loss of cancer stem cell-like characteristics and a re-
duced tumor burden. BMC Cancer 2014;14:317.

Wang D, Chen J, Chen H et al. Expression of leptin and
p-mTOR and their clinicopathological significance in
human colon carcinoma. Zhong Nan Da Xue Xue Bao
Yi Xue Ban 2012;37:233-237.

Malinowsky K, Nitsche U, Janssen KP et al. Activation
of the PI3K/AKT pathway correlates with prognosis
in stage II colon cancer. Br J Cancer 2014;110:2081-
2089.



