International Blood Research & Reviews %
5(1): 1-8, 2016, Article no.IBRR.23857 ﬁ/
ISSN: 2321-7219 - Z

SCIENCEDOMAIN
SCIENCEDOMAIN international
www.sciencedomain.org

Serum Leptin and Adiponectin Levels in de Novo
Acute Myeloid Leukemia Patients: Correlation with
Clinical Characteristics

Nahla Ahmad Bahgat Abdulateef ?', Mahmoud M. Kamel ?,
Omima Salaheldin * and Mohamed Ghareeb *

'Department of Clinical Pathology, National Cancer Institute, Cairo University, Cairo, Egypt.
’Department of Laboratory and Blood Bank, King Abdullah Medical City, Makkah,

Kingdom of Saudi Arabia.

®Department of Medical Oncology, National Cancer Institute, Cairo University, Cairo, Egypt.
*Department of Clinical Pathology, Ahmed Maher Education Hospital, Cairo, Egypt.

Authors’ contributions

This work was carried out in collaboration between all authors. Author NABA designed the study,
wrote the protocol, and wrote the first draft of the manuscript. Author NABA performed lab analysis at
NCI and managed the literature searches analyses of the study. Author MMK managed the
experimental process, wrote the protocol and revised the manuscript. Authors MG and OS collected
the patient data and revised the manuscript. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/IBRR/2016/23857

Editor(s):

(1) Armel Herve Nwabo Kamdje, University of Ngaoundere-Cameroon, Ngaoundere, Cameroon.
Reviewers:

(1) Burak Uz, Gazi University, Turkey.

(2) S. Aparna, Kidwai Memorial Institute of Oncology, Bangalore, India.

(3) Ambra Di Veroli, Tor Vergata University Rome, Italy.

Complete Peer review History: http://sciencedomain.org/review-history/13254

Received 25" December 2015
Accepted 2 "™ February 2016
Published 10 ™ February 2016

Original Research Article

ABSTRACT

Aim of the Study: Acute myeloid leukemia (AML) is a heterogeneous clonal stem cell malignancy
characterized by proliferation of immature hematopoietic cells. Adipokines in particular leptin and
adiponectin are highly active molecules that attracted considerable interest due to their potential
role in the development of cancer as a risk factor. We aimed to measure the body mass index,
serum levels of leptin and adiponectin in AML patients, correlating these levels with standard
prognostic markers of the disease.
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Abdulateef et al.; IBRR, 5(1): 1-8, 2016; Article no.IBRR.23857

Study Design: A total of 60 newly diagnosed AML patients and twenty healthy controls age and
sex matched were enrolled.

Methodology: All cases had complete blood counts. Patients had bone marrow aspiration/biopsy
specimens, EDTA peripheral blood or bone marrow aspirate specimens for flow cytometry analysis,
and heparinised sample for cytogenetic study. Body mass index (BMI) was calculated by dividing
body weight (kg) by square height (m?). Serum leptin and adiponectin were assayed by enzyme
linked immune assays.

Results: Out of all AML patients; 33 patients (55%) presented with hepatomegaly; 29 patients
(49%) presented with splenomegaly and 11 (18.3%) presented with lymphadenopathy. None of our
patients showed extramedullary involvement. Serum leptin were determined at a level of 10.9+9.5
ng/ml in the patient group which is significantly lower than the controls 60.2+165.6 ng/ml (P=.05).
Serum adiponectin showed highly significant lower levels in the studied group compared to controls
1.540.9 and 4.642.9 respectively (P<.001). No significant correlation was detected between serum
adipokines and other clinical or laboratory parameters except a negative significant correlation was
detected between serum adiponectin and bone marrow blast. Regarding cytogenetic analysis, no
significant correlation was detected between cytogenetic and serum leptin and adiponectin levels
(P= .98, .38), respectively.

Conclusion: The current study addressed the reduction of adipocytokines levels in AML together
with negative correlation between bone marrow blasts and adiponectin levels suggesting the
implication of adipocytokines in pathogenesis of AML, however these findings necessitate

additional studies on large scale of cases.

Keywords: Adipokines; leptin; adiponectin; acute myeloid leukemia; cytogenetic; body mass index;

obesity.
1. INTRODUCTION

Acute  myeloid leukemia (AML) is a
heterogeneous clonal stem cell malignancy
characterized by proliferation of immature
hematopoietic cells and accumulation in bone
marrow, peripheral blood, and other tissues. This
process is associated with manifestations of
bone marrow failure (neutropenia, anemia, and
thrombocytopenia) [1].

AML accounts for up to 90% of all acute
leukemias in adults. It is the most common form
of acute leukemia among adults and accounts for
the largest number of annual deaths from
leukemias [2].

Despite recent advances in diagnosis and
treatment of AML, the overall survival in adults
remains poor. The 5-year survival reaches <50%
in patients <45 years of age and <5% in patients
>65 years of age at diagnosis [1].

The prognostic factors affecting outcome of adult
AML patients may be subdivided into those
related to patient characteristics which include
age, performance status, comorbidities and
general health condition and those related to
characteristics particular to the AML clone such
as white blood count (WBC), existence of prior
MDS, previous cytotoxic therapy for another

disorder, and cytogenetic and molecular genetic
changes in the leukemic cells at diagnosis [3].

The host-related factors usually predict
treatment-related mortality (TRM) and become
more important as patient age increases while
the disease-related factors predict resistance to,
at least, conventional therapy [3].

Obesity or body mass index (BMI) is considered
important host factor as many studies have noted
an association between it and higher incidence of
various hematologic malignancies, including AML
[4,5].

However, data regarding the prognosis of obesity
on AML are conflicting. Pediatric leukemia
patients with unhealthy BMI showed poor
prognosis [6], but other studies showed that
obesity did not affect the prognosis of adults with
AML [7,8].

The effects of obesity may be explained by two
different mechanisms, first as a result of the
greater mass of fat itself and second as a result
of an expansion of the endocrine function of the
enlarged and higher numbers of fat cells and the
effects of these endocrine changes on target
tissues (e.g., increased plasma leptin, insulin,
insulin  growth-factor  [IGF]-1, androgens,
estrogens, IL-6, and tumor necrosis factor-a) [9].



Leptin is expressed by adipocyte tissue as a
product of the obesity gene (ob gene). It consists
of a 16 KD secreted protein [10,11]. Leptin
receptors are commonly expressed in newly
diagnosed cases of AML, Chronic myeloid
leukemia (CML) and acute lymphoblastic
leukemia (ALL). Leptin receptor expression is
higher in CD34 positive immature hematopoietic
cells than in mature neutrophils [12].

Leptin is identified as a key hormone in the
regulation of energy expenditure by reducing
food intake and controlling adipose tissue
metabolism, also it can stimulate proliferation
and inhibit apoptosis of leukocyte
subgroups. Moreover, leptin also stimulates the
growth and viability of leukemic cells, suggesting
a role for leptin in the pathogenesis of
hematologic malignancies [13].

Adiponectin is an adipose-tissue protein and it
has insulin-sensitizing, anti-inflammatory, and
antiatherogenic activities [14]. Decrease level of
adiponectin is associated with malignancies [15].

Adiponectin has been linked to increase the risk
of  myeloid hematological malignancies,
myelodysplastic  syndromes  (MDS), and
myeloproliferative disorders including chronic
myelogenous leukemia (CML). These findings
may be explained by hypothesis stating that
adiponectin induces apoptosis and inhibits
predominantly the proliferation of myeloid cell
lineage [16].

1.1 Aim of the Study

The aim of current study is to measure the body
mass index, serum levels of leptin and
adiponectin in AML patients comparing with
normal healthy controls, and correlate these
levels with standard prognostic markers of the
disease.

2. MATERIALS AND METHODS
2.1 Study Design

A total of 60 untreated newly diagnosed acute
myeloid leukemia patients presenting to the
Clinical Pathology Department of the National
Cancer Institute (NCI), Cairo University, Egypt
from October 2013 to June 2015 were enrolled.
The studied patients included 28 males (46.7%)
and 32 females (53.3%) in addition to 20 healthy
age and sex matched controls were taken.
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Patients with febrile neutropenia, sepsis, any
organ failure, with hypertension or diabetes were
excluded.

Body mass index (BMI) was calculated by
dividing body weight (kg) by square height (m?).
We dichotomized BMI as BMI < 25 (non-
overweight and non-obese) and BMI = 25
(overweight and obese). Diagnosis was based on
WHO criteria in addition to FAB classification.

Pretreatment  evaluation included thorough
history and full clinical examination, complete
blood count (CBC), bone marrow (BM) aspiration
and  trephine biopsy  for morphology,
cytochemistry, EDTA peripheral blood or bone
marrow aspirate specimens for flow cytometry
analysis [17] and heparinised sample for
cytogenetic study [18] were collected from all
patients. Serum samples from both patients and
controls were taken for serum leptin, adiponectin,
liver and kidney functions tests, uric acid level,

serum electrolytes and LDH. Radiological
examination  includes chest radiographs,
abdominal ultrasound, ECG and

echocardiography.

Enzyme-linked immunosorbent assay (ELISA):
Leptin and adiponectin were assayed by
guantitative sandwich enzyme linked immune
assays according to the manufacturer's
instructions. The assays was performed on
serum samples collected from both patients and
controls using DIA Source Leptin-ELISA kit
(Belgium) and Avibion Human Adiponectin
(Acrp30) ELISA kit (Finland) respectively. The
intensity of color developed is proportional to the
concentration of leptin and adiponectin in the
samples. The concentration of the samples can
be read directly from standard curve.

2.2 Statistical Analysis

Statistical Data were analyzed using IBM SPSS
advanced statistics version 20 (SPSS Inc.,
Chicago, IL). Numerical data were expressed as
mean and standard deviation for variables with
normal distribution. Qualitative data were
expressed as frequency and percentage. The
Wilcoxon Rank Sum test was used to compare
categorical variables and the independent “t” test
or the Mann Whitney test was used to compare
numeric variables according to the type of data
distribution. For possible association between
each two variables Ranked Sperman test was
used for non-parametric data. Chi-square test
was used for comparison between two



independent groups as regards the categorized
data. Probability p =.05 was considered
significant and highly significant if P <.001.

3. RESULTS

The studied patients included 28 males (46.7%)
and 32 females (53.3%) with M: F ratio 1:1.4.
Their age ranged from 15 to 73 years. Twenty
healthy subjects were taken as control. They
were 11 males (55%) and 9 females (45%) with
male to female ratio 1.2:1. Their age ranged from
26 to 50 years.

Out of all AML patients; 33 patients (55%)
presented with hepatomegaly; 29 patients (49%)
presented with splenomegaly and 11 (18.3%)
presented with lymphadenopathy. None of our
patients showed extramedullary involvement.

Serum leptin were determined at a level of
10.949.5 ng/ml in the patient group which is
significantly lower than the controls 60.2+165.5
ng/ml (P= .05). Furthermore serum adiponectin
showed highly significant lower levels in the
studied group compared to controls 1.5+0.9 and
4.612.9 respectively P = .001 (Table 1).

Forty eight patients (80%) were non-overweight
and non-obese BMI <25 Kg/m? 11 of the
control group (55%) were non-overweight and

Table 1. Serum leptin and adiponectin levels in acu
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non-obese BMI <25 Kg/m?. Statically significant
difference exists regarding BMI between acute
myeloid leukemia patients when compared with
normal controls (P=.05) (Table 2).

According to cytogenetic analysis, the patient
group was divided into two risky subgroups:
favorable (n=20), both intermediate and
unfavorable (n=40) were joined together due to
low numbers of unfavorable. There was no
significant  correlation between cytogenetic
abnormalities and both serum leptin and
adiponectin levels (P= .98, .38), respectively
(Table 3).

Correlation between leptin and other laboratory
data showed no significant difference for
parameters including white blood cell count,
hemoglobin level, platelet count, percentage (%)
of peripheral or bone marrow blasts infiltration,

serum lactate dehydrogenase (LDH) level,
P> .05 (Table 4).
Correlation between adiponectin and the

previously mentioned laboratory data revealed
significant negative correlation with BM blast %
(r 0,326 & P=.05). However no significant
difference with other parameters including white
blood cell count, hemoglobin level, platelet count,
percentage (%) of peripheral blasts , serum
lactate dehydrogenase level P >.05 Table 5.

te myeloid leukemia patients versus

controls
Iltem AML cases n=60 Normal controls n=20 P- value
Leptin (ng/ml)
Mean+SD 10.9+9.5 60.2+165.5 .02*
(Median) 9.0 20.0
Adiponectin (ng/ml)
Mean+SD 1.5+0.9 4.612.9 <.001**
(Median) 1.2 3.6
** Highly significant; *Significant
Table 2. Comparison between patients and controls w ith regard to BMI
Item Patients n= 60 Control n= 20 P- value
No. % No. %
BMI (kg/m?) <25 48 80% 11 55%
225 12 20% 9 45% 0.02*
*Significant

Table 3. Serum adipocytokine levels (mean £SD) in d

ifferent cytogenetically classified acute

myeloid leukemia patients

AML cases n= 60 Favorable n= 20 Intermediate+ Unfav  orable n= 40 P-value
Leptin (ng/ml) 10.94+9.9 10.87+9.4 .980
Adiponectin (ng/ml) 1.340.8 1.6+1.1 .386




Table 4. Correlation between serum leptin level and
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, WBCs, HB, PLT count, blast %

(Blood & bone marrow), LDH in acute myeloid leukemi  a patients
Leptin (ng/ml) WBC HB PLT Blast % Blast % LDH
(blood) (blood) (blood) (blood) (bone marrow) lu/L
R -0.09 0.03 -0.03 -0.11 0.09 0.014
P- value 0.470 0.846 0.821 0.389 0.484 0.914

Table 5. Correlation between serum adiponectin leve

| and WBCs, HB, PLT count, blast %

(blood & bone marrow), LDH in acute myeloid leukemi  a patients
Adiponectin (ng/ml) WBC HB PLT Blast% Blast % LDH
(blood) (blood) (blood) (blood) (bone marrow) lu/L
R 0.05 -0.10 -0.13 -0.07 -0.326 -0.02
P- value 0.692 0.446 0.329 0.573 0.04* 0.859
* Significant
4. DISCUSSION which were not altered by the presence of an
inflammatory response and is not a determined
Acute  Myeloid Leukemias (AML) are factor in weight loss in those patients [30,31].
heterogeneous group of blood malignancies,

characterized by a block at various stages of
hematopoietic differentiation, leading to the
accumulation of immature myeloid cells in bone
marrow and peripheral blood [19]. The more
carefully AML is studied; the clearer appears the
heterogeneity = between cases regarding
morphology, immunological phenotype, and
associated molecular genetic abnormalities [20].
Serum leptin levels are affected by many factors
including energy imbalance, fasting, acute
infection, inflammation, hormones and many
cytokines [21,22].

Leptin alone and in combination with other
cytokines has a stimulatory effect on leukemia
hematopoiesis and has anti —apoptotic effect
[23,24]. We could speculate that lower levels of
leptin could represents a stimulating factor for
uncontrolled proliferation. This effect could be
explained by the expression of leptin by bone
marrow stromal cells and the detection of leptin
receptors on normal and leukemic hematopoietic
cells [25,26,27].

Serum leptin levels have been examined in
different malignancies including leukemia.
Significant lower levels of serum leptin in the
studied AML group was detected than the control
group (P =.05). This is in agreement with (Aref et
al. [28], (Bruserud et al. [29]). Both detected
significant lower levels of serum leptin in their
AML patients. This reduction in serum level of
leptin is not altered during chemotherapy —
induced cytopenia and complicating febrile
neutropenia [29].

In addition studies on gastrointestinal cancers
revelaed lower circulating leptin concentration,

However in contrary to our results in a small
study done by Hamed NA and his colleague a
significantly elevated level of leptin was detected.
This elevation was unrelated to the presence
of extramedullay infiltaration or repose to
chemotherapy [32].

Adiponectin, an adipocyte-derived secretory
protein, is a 30-kDa complement Clg- related
protein. Adiponectin circulates as several
multimericspecies, including a high molecular
weight form thought to be the most clinically
relevant. Serum levels of adiponectin are
markedly decreased in individuals with visceral
obesity and states of insulin resistance, such as
type 2 diabetes mellitus and atherosclerosis [33].

In the present work, adiponectin levels were
significantly lower in AML patients as compared
to healthy controls. This reduction might be due
to decrease in the bone marrow fat mass due to
overcrowding of the BM by blast cells; this is
confirmed by the significant negative correlation
between the BM blast cell counts and
adiponectin levels detected in our AML patients.
This finding is keeping with that reported in
several types of cancers including leukemia
[14,15,28].

In an in vitro study done by Yokota et al. [34] in
2000 they have investigated the functions of
adiponectin in haematopoiesis and found that
adiponectin predominantly inhibits proliferation of
myeloid cell lines, and induces apoptosis in
myelomonocytic leukemia lines, but did not
suppress proliferation of erythroid or lymphoid
cell lines. This hormone has also been inversely



associated with adult forms of cancer that have
been epidemiologically investigated, namely
breast cancer [35,36], endometrial cancer [37],
acute leukemia [38,39].

Regarding correlation studies a negative
significant correlation was detected between
serum adiponectin and bone marrow blast cell
percentage (P = .05), which is in line with
different other studies [28,40]. On the other hand
no significant correlation was detected between
serum adipocytokines (leptin and adiponectin)
and different hematologiocal parameters (WBCs,
Hb, platelet count), serum LDH level and,
peripheral blood blasts. These finding were
demonstrated by Yilmaz et al. [12] and Hamed
et al. [32], who reported a none significant
correlation with peripheral blood and bone
marrow blasts.

Leptin and adiponectin levels did not show a
significant correlation with the two cytogenetic
groups, contrary to Aref et al. [28] and Molica
et al. [40], who demonstrated a significant
correlation between adipocytokines and different
cytogenetic groups. In their study higher levels of
leptin and adiponectin were estimated in
unfavourable and favourable cytogentic groups
respectively. Their results point out for the
prognostic value of serum leptin and adiponectin
levels in acute myeloid leukemia patients.

In a series of recent papers researches
described leptin and adiponectin levels during
diagnosis and treatment  of  different
hematological diseases demonstrating the
changes in adipose tissue and metabolism in
their disease states [22,38,41,42].

5. CONCLUSION

The current study addressed the reduction of
adipocytokines levels in association with de novo
AML together with negative correlation between
bone marrow blasts and adiponectin .These
finding suggest the implication of both leptin and
adiponectin in AML pathogenesis which might be
useful as prognostic markers of AML , however
These findings necessitate additional studies of
leptin and adiponectin in AML patients and to be
related to other risk factors as severe illness,
altered energy balance and disease
complications on large scale of cases.

CONSENT

Written informed consent was obtained from all
participants involved in the study.

Abdulateef et al.; IBRR, 5(1): 1-8, 2016; Article no.IBRR.23857

ETHICAL APPROVAL

The study was approved by the Regional
Research and Ethics Committee at the National
Cancer Institute (NCI), Cairo University.

DISCLAIMER

This  manuscript the

conference.

was presented in

Conference name:
“SCIENTIFICPROGRAM2015”

Conference link is
“http://www.ascpme.org/download/Program-
PATHUP15-20151202-CS5-10122015.pdf”

Date 11-12 December, 2015, Abu Dhabi, United
Arab Emirates.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Smith B. Douglas, Lillian Sung. Acute
myeloid leukemia. American Society of
Hematology Self-Assessment Program.
2013;481-490.

2. Siegel R, Ma J, Zou Z, Jemal A. Cancer
statistics. CA Cancer J Clin. 2014;64:9-29.
DOI: 10.3322/caac.21208
Epub 2014 Jan 7.

3. Dohner H, Estey EH, Amadori S,
Appelbaum FR, Buchner T, Burnett AK,
etal. Diagnosis and management of acute
myeloid leukemia in adults. Blood. 2010;
115(3):453-476
DOI: 10.1182/blood-2009-07-235358.
Epub 2009 Oct 30.

4. Larsson SC, Wolk A. Overweight and
obesity and incidence of leukemia: A meta-
analysis of cohort studies. Int J Cancer.
2008;122:1418-1421.

5. Castillo JJ, Mulkey F, Geyer S, Kolitz JE,
Blum W, Powell BL, et al. Relationship
between obesity and clinical outcome in
adults with acute myeloid leukemia: A

pooled analysis from four CALGB
(Alliance) clinical trials. Am J Hematol;
2015.

DOI: 10.1002/ajh.24230.
[Epub ahead of print].

6. Inaba H, Surprise HC, Pounds S, Cao X,
Howard SC, Smith KR, et al. Effect of body
mass index on the outcome of children



10.

11.

12.

13.

14.

15.

16.

with acute myeloid leukemia. Cancer.
2012;118:5989-5996.

DOI: 10.1002/cncr.27640. Epub 2012 May
30

Medeiros BC, Othus M, Estey EH, Fang M,
Appelbaum FR. Impact of body-mass
index on the outcome of adult patients with
acute myeloid leukemia. Haematologica.
2012;97(9):1401-1404.

DOI: 10.3324/haematol.2011.056390

Epub 2012 Feb 7.

Brunner AM, Sadrzadeh H, Feng Y,
Drapkin BJ, Ballen KK, Attar EC, et al.
Association between baseline body mass
index and overall survival among patients
over age 60 with acute myeloid leukemia
Am J Hematol. 2013;88(8):642-646.

DOI: 10.1002/ajh.23462.

Epub 2013 May 30.

Bray GA. Medical consequences of
obesity. J Clin Endocrinol Metab. 2004;
89(6):2583-25809.

Zhang Y, Proenca R, Maffei M, Barone M,
Leopold I, Freidman JM Positional cloning
of the mouse obese gene and its human
homologue.  Nature.  1994;372(6505):
425-432.

Considine RV, Sinha MK, Heiman ML,
Kriauciunas A, Stephens TW, Nyce MR,
et al. Serum immunoreactive- leptin
concentration in normal-weight and obese
humans. N Engl J Med. 1996;334:
292-295.

Yilmaz M, Kis C, Ceylan NO, Okan V,
Pehlivan M, Kucukosmanoglu E, et al.

Serum leptin level in acute myeloid
leukemia patients. Hematology. 2008;
13(1):21-23.

DOI: 10.1179/102453308X315771

Iversen PO, Drevon CA, Reseland JE.
Prevention of leptin binding to its receptor
suppresses rat leukemic cell growth by

inhibiting angiogenesis. Blood. 2002;
100(12):4123-4128.

Epub 2002 Jul 5.

Barb D, Wiliams CJ, Neuwirth AK,

Mantzoros CS. Adiponectin in relation to
malignancies: A review of existing basic
research and clinical evidence. Am J Clin
Nutr. 2007;86(3):5858—s866.

Kelesidis |, Kelesidis T, Mantzoros CS.
Adiponectin and cancer: A systematic
review. Br J Cancer. 2006;94:1221-1225.
Dalamaga M, Diakopoulos KN, Mantzoros
CS. The role of adiponectin in cancer: A
review of current evidence. Endocr Rev.
2012;33(4):547-594.

Abdulateef et al.; IBRR, 5(1): 1-8, 2016; Article no.IBRR.23857

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

DOI: 10.1210/er.2011-1015.

Epub 2012 Apr 30.

Ludwig WD, Rieder H, Bartram CR, Heinze
B, Schwartz S, Gassmann W, et al.
Immunophenotypic and genotypic features,
clinical characteristics, and treatment
outcome of adult pro-B acute
lymphoblastic leukemia: Results of the
German multicenter trials GMALL 03/87
and 04/89. Blood. 1998;92(6):1898-909.
ISCN. An international system of human
cytogenetic nomenclature: Birth Defects.
1985;21:1-117.

Gocek E, Kielbinski M and Baurska H.
Different susceptibilities to 1,25 (OH) D-
induced differentiation of AML cells
carrying various mutation. Leukemia
research. 2010;34:649-657.

DOI: 10.1016/j.leukres.2009.10.004.

Epub 2009 Oct 31.

Burnett AK, Venditti A. Acute myeloid
leukaemia, in postgraduate haematology,
sixth edition. (Eds Hoffbrand AV, Catovsky
D, Tuddenham EG, Green AR). Wiley-
Blackwell, Oxford, UK; 2010.

DOI: 10.1002/9781444323160.ch23

Sinha MK, Caro JF. Clinical aspects of
leptin. Vitam Horm. 1998;54:1-30.

Fantuzzi G, Faggioni R. Leptin in the
regulation of immunity, inflammation, and
hematopoiesis. J Leukoc Biol. 2000;68:
437-446.

Beaulieu A, Poncin G, Belaid-Choucair Z,
Humblet C, Bogdanovic G, Lognay G,
et al. Leptin reverts pro-apoptotic and
antiproliferative effects of a-linolenic acids
in BCR- ABL positive leukemic cells:
Involvement of PI3K pathway. PLoS One.
2011;6(10):e25651.

DOI: 10.1371

Ning HM, Zhang Y, Mao N. leptin and its
receptor in acute myeloid leukemia
Zhongguo Shi Yan Vue Ye Xue Za Zhi.
2010;18(1):234-7. (Abstract).

Nakao T, Hino M, Yamane T, Nishizawa
Y, Moru H, Tatsumi N. Expression of the
leptin receptor in human leukemic blast
cells. Br J Haematol. 1998;102:740-745.
Laharrague P, Larrouy D, Fontaniles AM,
Truel N, campfield A, Tenenbaum R, et al.
High expression of leptin by human bone
marrow adipocytes in primary culture.
FASEB J. 1998;12:747-752.

Hino M, Nakao T, Yamane T, Ohta K,
Takubo T, Tatsumi N. Leptin receptor
and leukemia. Leuk Lymphoma. 2000;36:
457-461.



28.

29.

30.

31.

32.

33.

34.

35.

Aref S, lbrahim L, Azmy E, Rasha Al
Ashary R. Impact of serum adiponectin
and leptin levels in acute leukemia.
Hematology. 2013;18(4):198-203.

DOI: 10.1179/1607845412Y.0000000059
Epub 2013 Jan 3.

Bruserud Q, Huang TS, Glenjen N, Tore B,
Foss B. Leptin in human acute
myelogenous leukemia: Studies of in vivo
levels and in vitro effects on native
functional leukemic blasts. Haematologica.
2002;87:584-95.

Wallace AM, Sattare N, Mc Millan DC.
Effect of weight loss and the inflammatory
response on leptin concentration in
gastrointestinal cancer patients. Clin
Cancer Res. 1998;4:2977-9.

Bolukbas FF, Kilic H, Bolukbas C, Gumus
M, Horoz M, Turhal N, et al. Serum
leptin  concentration and advanced
gastrointestinal cancers: A case controlled
study. BMC Cancer. 2004;4:29.

DOI: 10.1186/1471-2407-4-29

Hamed NA, Sharaki OA, Zeidan MM. leptin
in acute leukemia: Relationship to
interleukin -6 and vascular endothelial
growth factor. Egyt J immunol. 20083;
10(1):57-66.

Berg A, Combs D. The adipocyte-secreted
protein Acrp30 enhances hepatic insulin
action. Nat Med. 2001;7:947-953.

Yokota T, Oritani K, Takahashi I, Ishikawa
J, Matsuyama A, Ouchi N, et al
Adiponectin, a new member of the family
of soluble defense collagens, negatively
regulates the growth of myelomonocytic
progenitors and the functions of
macrophages. Blood. 2000;96:1723-32.
Miyoshi Y, Funahashi T, Kihara S, Taguchi
T, Tamaki Y, Matsuzawa Y, et al.
Association of serum adiponectin levels

Abdulateef et al.; IBRR, 5(1): 1-8, 2016; Article no.IBRR.23857

36.

37.

38.

39.

40.

41.

42.

with breast cancer risk. Clin Cancer Res.
2003;9(15):5699-704.

Mantzoros C, Petridou E, Dessypris N,
Chavelas C, Dalamaga M, Alexe DM, et al.
Adiponectin and breast cancer risk. J Clin
Endocrinol Metab. 2004;89(3):1102-7.

Dal Maso L, Augustin LS, Karalis A,
Talamini R, Franceschi S, Trichopoulos D,
et al. Circulating adiponectin and
endometrial cancer risk. J Clin Endocrinol
Metab. 2004;89(3):1160-1163.

Petridou E, Mantzoros CS, Dessypris N,
Dikalioti SK, Trichopoulos D. Adiponectin
in relation to childhood myeloblastic
leukaemia. Br J Can. 2006;94:156—60.
EL-Baz HA, Mosa TE, ELAbd EM,
Ramadan A, ELHaroun AS, ELMorsy EA,
Fouda MI. Serum adiponectin and resistin
levels in de novo and relapsed acute
lymphoblastic leukemia children patients.
Iranian J Publ Health. 2013;42(5):504-510.
Molica S, Vitelli G, Cutrona G, Todoerti K,
Mirabelli R, Digiesi G. Prognostic
relevance of serum levels and cellular
expression of adiponectin in B-cell chronic
lymphocytic leukemia. Intern J Hematol.
2008;88:374-380.

DOI: 10.1007/s12185-008-0165-5

Epub 2008 Sep 27.

Moschovi M, Trimis G, Vounatsou M,
Katsibardi K, Margeli A, Damianos A, et al.

Serial plasma concentrations of
adiponectin, leptin, and resistin during
therapy in children with acute

lymphoblastic leukemia. J Pediatr Hematol
Oncol. 2010;32(1):e8-13.

Pamuk GE, Demir M, Harmandar F, Yesil
Y, Turgut B, Vural O. Leptin and resistin
levels in serum of patients with
hematologic malignancies: Correlation with
clinical characteristics Exp Oncol. 2006;
28(3):241-244.

© 2016 Abdulateef et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/13254




