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Abstract

Background
Approximately 20% of children and adolescents in Europe are overweight. Survivors of

pediatric acute lymphoblastic leukemia (ALL) are at increased risk of overweight and obesity.
The purpose of this study was to assess leptin and leptin soluble receptor levels, as well as
polymorphisms of selected genes in survivors of pediatric ALL, and the influence of chemo-

and radiotherapy on development of overweight in the context of leptin regulation.

Methods
Eighty two patients (55% males), of median age 13.2 years (m: 4.8 years; M: 26.2 years) were

included in the study. The ALL therapy was conducted according to modified Berlin-
Frankfurt-Munster (BFM; n=69) regimen or New York (n=13) regimen. In 38% of patients
cranial radiotherapy (CRT) was used in median dose of 18.2Gy (m: 14Gy; M: 24Gy). Median
age at diagnosis was 4.5 (m: 1 year; M: 16.9 years) and median time from completion of ALL

treatment was 3.2 years (m: 0.5 year; M: 4.3 years). Patients with BMI >85 percentile were



classified as overweight. Correlation of plasma levels of leptin and leptin soluble receptor,
and polymorphisms of leptin gene -18G>A, leptin receptor genes K109R and Q223R, and the
overweight status were analyzed in relation to gender, intensity of chemotherapy (high
intensity vs. standard intensity regimens) and to the use of CRT.

Results

Significant differences of leptin levels in patients treated with and without CRT, both in the
entire study group (22.2+/- 3.13 ng/ml vs. 14.9+/-1.6 ng/ml; p<0.03) and in female patients
(29.94/-4.86 ng/ml vs. 16.94/-2.44 ng/ml; p=0.014), were found. Significant increase of leptin
levels was also found in overweight patients compared to the non-overweight patients in the
entire study group (29.2+/-2.86 ng/ml vs. 12.6+/-1.51 ng/ml; p<0.0001), female patients
(35.4+/-6.48 ng/ml vs. 18.44/-2.5 ng/ml; p=0.005), and male patients (25.7+/-2.37 ng/ml vs.
6.9+4/-0.95 ng/ml; p<0.0001). Negative correlation was observed for plasma levels of soluble
leptin receptor and overweight status, with significant differences in overweight and non-
overweight patients, both in the entire study group (18.2+/-0.75 ng/ml vs. 20.98+/-0.67 ng/ml;
p=0.017) and in male patients (18.2+/-1.03 ng/ml vs. 21.8+/- 1.11 ng/ml; p=0.038).
Significant (p<0.05) negative correlation was found between leptin and leptin receptor levels
in the entire group (correlation coefficient: 0.393) and in both gender subgroups (correlation

coefficient in female patients: -0.427; in male patients: -0.396).

Conclusions
The prevalence of overweight in our cohort was higher than in general European population

(31% vs 20%) and increased regardless of the use of CRT. Leptin and leptin receptor levels
may be used as useful markers of high risk of becoming overweight in ALL survivors,

particularly in females treated with CRT. Polymorphisms of leptin gene -18G>A and leptin



receptor genes K109R and Q223R were not associated with overweight status in ALL

SUrvivors.

Introduction
According to WHO, the prevalence of obesity in children in Europe has been rapidly

increasing and it is expected to affect nearly 15 million children by 2010. Approximately 20%
of adolescents and children are overweight. Moreover, 30% of those who are overweight
actually fulfill the criteria of obesity. The epidemic of obesity results in substantial economic
burden. It is currently responsible for 2- 8% of healthcare costs and 10-13% of deaths in
various parts of Europe [1]. Being overweight is a well-established risk factor of many
chronic diseases, such as diabetes, hypertension and other cardiovascular diseases [2].
Survivors of pediatric acute lymphoblastic leukemia (ALL) are at substantially increased risk
of developing obesity [3-5]. The most common explanations involve late effects of chemo-
and radiotherapy, treatment with corticosteroids, altered life style, with prolonged periods of
relative immobility and decreased energy expenditure. Leptin is a hormone synthesized
mostly by white adipose tissue. Its structure is similar to cytokines. It plays a role of
peripheral signal informing of the energy storage and thus participates in the long-term
regulation of appetite and the amount of ingested food [6]. Plasma levels of leptin depend
directly on adipose tissue mass and correlate with body mass index (BMI) [7]. Central and
peripheral effects of leptin are mediated by leptin receptors located on cell surface [8]. Several
isoforms of long form and short forms of leptin receptors are expressed in humans. The long
form of leptin receptor is expressed primarily in the hypothalamus, and the short forms of
leptin receptor are typical for peripheral tissues. Soluble leptin receptor is a unique form,
which consists solely of extracellular domain of membrane leptin receptors [9]. By binding to

this receptor, leptin delays its clearance from circulation [10]. This results in increased leptin



levels and bioavailability and, as a consequence, potentiates its effect [11]. On the other hand,
the plasma levels of soluble leptin receptors correlate with density of the leptin receptors on
cell membranes [12]. In obese children with no comorbidities the levels of leptin are higher
and the levels of soluble leptin receptor are lower than in non-obese children [13].

Therapy of ALL (chemo- and/or radiotherapy) may permanently modify the secretion of
leptin and levels of leptin receptors [5]. Among the hereditary risk factors, the polymorphisms
of leptin or leptin receptor genes provide a good opportunity to study the relationship between
ALL and overweight status. To our knowledge there were no studies investigating
polymorphisms of leptin and leptin receptor genes and their products in ALL survivors.
Therefore, the aim of our study was to determine the polymorphisms of leptin and leptin
receptor genes and plasma levels of leptin and leptin soluble receptors in survivors of
childhood ALL. The study assessed the influence of chemo- and radiotherapy on leptin

secretion and regulation and their effect on the development of overweight.

Methods

The study group consisted of 82 subsequent patients aged 4.8 to 26.2 (median 13.2) years who
have previously completed ALL therapy and were routinely seen at the outpatient clinic of the
Department of Pediatric Oncology and Hematology, Polish-American Institute of Pediatrics,
Jagiellonian University Medical College. The patients have started the ALL therapy from
January 1985 through May 2005. The age at diagnosis of ALL was 1-16.9 (median 4.5) years.
The ALL therapy was conducted according to subsequent revisions of modified BFM (69
patients) and New York (13 patients) regimens. In 31 patients cranial radiotherapy (CRT) was
used according to the respective treatment regimens, in doses of 14 to 24 Gy (median 18.2
Gy). Second CRT (18 Gy) was applied in 1 patient. Details concerning ALL treatment

protocols were published elsewhere [14-16]. Demographic and clinical data of the patients are



provided in table 1. The median period between the end of ALL therapy and blood sampling
in this study was 3.2 years (m:0.5year; M:4.3years).

Height and body weight measurements were performed by an anthropometrist. The Body
Mass Index (BMI) and BMI percentile were calculated using online BMI calculators for
patients < 20 years [17] and patients > 20 years [18]. According to the terminology for BMI
categories published in the literature [19], patients with BMI >85 percentile were classified as
overweight.

Biochemical tests

Fasting blood samples were collected for biochemical tests. The samples were collected in
tubes containing EDTA and aprotinin and were immediately delivered to laboratory and
centrifuged for 15 minutes at 3000 rpm. The plasma samples for peptide analysis were stored
at — 80° C until the time of the assay. Levels of leptin and leptin soluble receptor were

measured using commercially available EIA kits (R&D Systems, Inc., USA).

Genotyping

All patients underwent genotyping, and in 77 cases good quality samples were available for
further testing. Subsequently, DNA was extracted from peripheral leukocytes using QIAamp
DNA Blood Mini Kit (QIAGEN, Germany). Appropriate DNA Blood Mini Kit (QIAGEN,
Germany). Appropriate DNA fragments of leptin gene —18G>A, leptin receptor gene K109R
and Q223R were amplified using PCR and analyzed using PCR-RFLP (Restriction Fragments
Length Polymorphism), DHPLC (Denaturing High Performance Liquid Chromatography) or

direct sequencing. The primer sequences are shown in table 2.



Statistical analysis

The correlations of the genetic polymorphisms, biochemical test results, and overweight
status were analyzed with regard to gender, intensity of chemotherapy (high intensity vs.
standard intensity regimens) and to the use of CRT. Results were expressed as mean +SEM.
The data were analyzed by ANOVA followed by Scheffe’s post hoc test. For between-group
comparison of nonparametric variables Chi® test was used. Correlations between the variables
were calculated using Pearson correlation. The P values <0.05 were considered statistically
significant. The statistical analyses were performed using the Statistica 8 software package

(Stat Soft, Inc., USA).

Permanent Ethical Committee for Clinical Studies of the Medical College of the Jagiellonian
University approved the study protocol. All parents, adolescent patients and adult patients
signed written informed consent before blood sample collection. No patient refused

participation in the study.

Results

Anthropometric evaluation
Median BMI percentiles at the time of ALL diagnosis and at the time of the study were 45.3

(m:0; M:99.6) and 65.5 (m:0.3; M:99.6), respectively. After the completion of ALL treatment
BMI < 10 percentile and > 95 percentile was found in 9% and 13% of patients, respectively.
At ALL diagnosis 21% of patients were classified as overweight (BMI > 85), the respective
proportion at the time of the present study was 31%. The prevalence of the overweight status
at the time of ALL diagnosis/after ALL treatment in patients treated with and without CRT

was 10%/23% and 20%/35%, respectively (table 3).



Leptin and soluble leptin receptor

Significant differences were found between leptin levels in patients treated with and without
CRT (figure 1) both in the entire study population (22.2+/- 3.13 ng/ml vs. 14.9+/-1.6 ng/ml;
p<0.03) and in female patients (29.9+/-4.86ng/ml vs. 16.9+/-2.44 ng/ml; p=0.014).
Significant increase of leptin levels was also found in overweight patients compared to the
non-overweight subjects (figure 2) in the entire study group (29.2+/-2.86 ng/ml vs. 12.6+/-
1.51 ng/ml; p<0.0001), female patients (35.4+/-6.48 ng/ml vs. 18.4+/-2.5 ng/ml; p=0.005),
and male patients (25.7+/-2.37 ng/ml vs. 6.9+/-0.95 ng/ml; p<0.0001).

Negative correlation was observed for soluble leptin receptor levels and body mass with
significant differences in all overweight patients (18.2+/-0.75 ng/ml vs. 20.98+/-0.67 ng/ml;
p=0.017) as well as in overweight male patients (18.2+/-1.03 ng/ml vs. 21.8+4/- 1.11 ng/ml;
p=0.038). Significant negative correlation (p<0.05) was found between leptin and leptin
receptor levels in the entire study group (correlation coefficient: 0.393) and in gender
subgroups (correlation coefficient, female patients: -0.427; male patients: -0.396). In all
subgroups two distinct clusters of leptin receptor levels (above and below 15 ng/ml) relative

to leptin levels were observed (figure 3).

Genotyping
The frequency of polymorphic homozygotes was assessed in the genotyped group. No

significant correlation of the polymorphism of the leptin gene - 18 G>A and the leptin receptor
genes K109R and Q223R, and overweight status at ALL diagnosis and after ALL treatment
was found. No statistically significant correlation between variants of the tested genes and
intensity of ALL treatment, CRT and overweight status after ALL treatment was observed in
the entire study group. The distribution of the tested polymorphisms in the study group is

shown in table 4.



Discussion
Approximately 20% of adolescents and children in general European population are

overweight, and 30% of these are obese [1]. In various studies the prevalence of obesity
reported in survivors of ALL was 16 to 57%. An epidemic of pediatric and adult obesity in
the developed countries is a well known phenomenon, but the studies also confirm that the
prevalence of obesity in long-term survivors of ALL is substantially higher than in the general
population [3]. In the cohort reported by Oeffinger et al. nearly half of the long-term
survivors of childhood leukemia were overweight [20]. In our study the prevalence of
overweight was 31%. Currently, 5 to 25% of children with ALL are classified to high risk
groups and are treated with 18 Gy CRT. In the US approximately 25,000 to 30,000 long-term
survivors of childhood ALL have a history of exposure to CRT. This represents 8 to 10% of
all pediatric cancer survivors [21]. As radiotherapy is now spared to most patients with ALL
and the doses applied in the high risk patients are lower (18 Gy), the clinical features of ALL
survivors, that were common in the past, including short stature and obesity, are now less
frequently seen. In our cohort CRT was used in 38 % of patients, and the median dose was
18.2 Gy. Ross et al. suspected, that polymorphism of leptin receptor might influence obesity
in female survivors of childhood ALL. Female survivors with BMI>25 were more likely to be
homozygous for the 223R allele (Arg/Arg) than those with BMI <25. Moreover, among
females treated with CRT (=20Gy), the patients who were homozygous for the 223R allele
(Arg/Arg) had six times higher risk of BMI >25 than those with 223QQ or 223QR genotypes
(GIn/Gln or Gln/Arg)[22].

In our study we have determined the polymorphisms of leptin and leptin receptor genes in
pediatric population. Contrary to the results presented by Ross ef al. we have not found any

correlation of the selected polymorphisms of leptin and leptin receptor genes with overweight



and the intensity of chemotherapy and/or CRT. We have not identified any oher studies
revealing the influence of the polymorphisms of both leptin and leptin receptor genes on the
metabolism of adipose tissue in survivors of childhood ALL. In our cohort we found highly
significant increase in leptin levels in overweight patients in the entire study group and in
gender subgroups. Negative correlation was found between leptin and soluble leptin receptor
levels (in the entire study group and in male patients) suggesting negative feedback between
those peptides. The same relationship was observed by other authors in children with
uncomplicated obesity [12]. Significant increase of leptin levels in all patients treated with
CRT and in female patients treated with CRT was observed. It was consistent with previous
reports saying, that CRT causes accumulation of adipose tissue and that female patients are
more affected than male patients [3, 23, 24]. As the soluble leptin receptor levels decrease, the
clearance of leptin from circulation should be faster and its levels (and bioavailability) should
be lower [10]. This is in discrepancy with higher incidence of overweight status in such
patients. Because the plasma levels of soluble leptin receptors correlate with the density of
leptin receptors on cell membranes [12], it is possible that after CRT involving the area of
hypothalamus such density might decrease, thus reducing the inhibitory effect of the
peripheral signal informing of the accumulation of body stores of energy. We cannot explain
the presence of particular clusters of leptin receptor levels (above and below 15 ng/ml)
relative to leptin levels (figure 3). Similar distribution of leptin levels and BMI was published
by Arguelles et al.[25]. In the study by Janiszewski et al. the ALL survivors previously
treated with CRT had higher absolute and relative (expressed per kg of fat mass) leptin levels
than patients who were not treated with CRT. Females had higher absolute and relative leptin
levels than males. Females treated with CRT had 60% higher fat mass than age-matched
females from normal population [23, 26]. The observation, that the history of CRT in ALL

survivors is associated with increased plasma leptin levels suggests, that the pathogenesis of

10



obesity may involve radiation-induced hypothalamic resistance to leptin. Alternatively, the
elevated leptin levels may be a result of growth hormone (GH) deficiency, rather than
manifestation of leptin resistance per se [27]. The history of CRT in ALL survivors is not
only associated with accumulation of more abdominal fat, but causes its preferential
accumulation in the visceral depot, possibly as a consequence of relative GH deficiency [23].
Transport of leptin from blood to CNS is mediated by leptin receptors localized on the
endothelial cells of the blood-brain barrier. The dysfunction of these receptors might cause
leptin resistance and obesity. The ventromedial hypothalamus is the site of leptin, ghrelin,
neuropepeptide Y-2, and insulin receptors, which transduce peripheral hormonal afferent
signals to control efferent sympathetic and vagal modulation, appetite, and energy balance
[28]. High plasma leptin levels may be either a consequence of radiation-induced
hypothalamic damage, or an effect produced by centrally induced GH deficiency, since
hypothalamus is more sensitive to irradiation than pituitary [29]. As it was shown by Schwarz
and Niswender, insulin and leptin receptors are located in key brain areas, such as the
hypothalamic arcuate nucleus. In some cells of hypothalamus, leptin and insulin activate both
JAK-STAT and PI3K signaling pathways. Additionally, both enzymes terminating leptin and
insulin function -- SOCS3 and PTP-1B -- are expressed in the hypothalamus. Impaired
receptor function (in the context of macrophage/inflammatory reactions) caused by
radio/chemotherapy may be the reason of leptin resistance. The closed-loop leptin/insulin
feedback makes the GH/insulin/leptin relations understandable [ 30, 31]. According to Link et
al. leptin might serve as a good marker for high risk of overweight/obesity, particularly in
patients treated with CRT [5]. The lack of correlation of the tested genes and obesity in ALL
survivors together with changes in leptin/soluble leptin receptor plasma levels suggest, that
influence of the selected genetic polymorphisms was not very potent. It is possible that the

treatment-related risk factors (i.e. CRT) have stronger impact. The small size of the study

11



group makes more profound analysis difficult. The common additional explanation is the
sedentary life style of ALL survivors. Almost 44% of adult survivors of childhood ALL are
unlikely to meet the Centers for Disease Control and Prevention recommendations for
physical activity and over 74% are less likely to be physically active [32]. When controlling
for BMI, the ALL survivors treated with CRT were less likely to be physically active.
Importantly, the ALL survivors with a confirmed history of previous GH therapy were 2.7
times more likely to be physically inactive than ALL survivors, who were at low risk for GH

deficiency [33]. Again, it suggests hormone-dependent or regulatory peptide-dependent

mechanism.
Conclusions
1. The prevalence of overweight status in our cohort was higher than in general

European population (31% vs 20%), and increased regardless of introducing of CRT.
2. Leptin and leptin receptor levels may serve as good markers for high risk of
becoming overweight, particularly in female patients treated with CRT.

3. Polymorphisms of leptin gene -18G>A, and leptin receptor genes K109R and

Q223R were not associated with overweight status in ALL survivors.

List of abbreviations
ALL - acute lymphoblastic leukemia, BFM — Berlin - Frankfurt- Miinster, BMI — Body Mass

Index, CRT - cranial radiotherapy, DHPLC - Denaturing High Performance Liquid
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Polymorphism

12



Competing interests

The authors declare no competing interests.

Authors' Contribution

SS designed and coordinated the study, collected the follow-up information, performed data
analysis and drafted the manuscript, PT designed biochemical methods and performed
biochemical analysis, performed data analysis and participated in drafting of the manuscript
MB-M designed genotyping methods and performed genotyping, performed data analysis and
participated in drafting of the manuscript, MS performed biochemical analysis, performed
data analysis and participated in drafting of the manuscript, WB consulted the results and
participated in drafting of the manuscript, JJP consulted the results and participated in drafting
of the manuscript, KS consulted the results and participated in drafting of the manuscript, JG
consulted the results and participated in drafting of the manuscript, DG-L consulted the
results and participated in drafting of the manuscript, WS consulted the results, participated in
drafting of the manuscript and critically revised the final version

All authors read and approved the final version of the manuscript.

Acknowledgements
The genotyping was sponsored by Nutricia Research Foundation, grant number RG1/2007,

biochemical analyses were sponsored by University grant number WEL/NKL/137/L.

Authors state that informed consent was obtained from all patients or their guardians, where
applicable.

The sponsoring institutions had no influence on the study design; the collection, analysis, and

interpretation of data; writing of the manuscript and on the decision to submit the manuscript

to publication.

13



References

1. Branca F, Nikogosian H, Lonstein T: The challenge of obesity in the WHO
European Region and the strategies for response. WHO Europe 2007,

[http://www.euro.who.int/ _data/assets/pdf_file/0010/74746/E90711.pdf].

2. Scuteri A, Sanna S, Chen WM, Uda M, Albai G, Strait J, Najjar S, Nagaraja R, Orra
M, Usala G, Dei M, Lai S, Maschio A, Busonero F, Mulas A, Ehret GB, Fink AA,
Weder AB, Cooper RS, Galan P, Chakravarti A, Schlessinger D, Cao A, Lakatta E,
Abecasis GR: Genome-wide association scan shows genetic variants in the FTO
gene are associated with obesity-related traits. PLoS Gener 2007, 3: el15.

3. Gregory JW, Reilly J1J: Body composition and obesity. Late effects of childhood
cancer. Edited by Wallace H, Green D. London 2004

4. Chow EJ, Pihoker C, Hunt K, Wilkinson K, Friedman DL: Obesity and hypertension
among children after treatment for acute lymphoblastic leukemia. Cancer 2007,
110: 2313-2320.

5. Link K, Moéll C, Garwicz S, Cavallin-Stahl E, Bjork J, Thilén U, Ahrén B, Erfurth
EM: Growth hormone deficiency predicts cardiovascular risk in young adults
treated for acute lymphoblastic leukemia in childhood. J Clin Endocrinol Metab
2004, 89: 5003-5012.

6. Ahima RS, Flier JS: Leptin. Annu Rev Physiol 2000, 62: 413-437.

7. Maffei M, Halaas J, Ravussin E, Pratley RE, Lee GH, Zhang Y, Fei H, Kim S, Lallone
R, Ranganathan S: Leptin levels in human and rodent: measurement of plasma
leptin and ob RNA in obese and weight —reduced subject. Nar Med 1995, 1: 1155-
1161.

8. Tartaglia LA: The leptin receptor. J Biol Chem 1997, 272: 6093— 6096.

14



10.

11.

12.

13.

14.

15.

Ge H, Huang L, Pourbahrami T, Li C: Generation of soluble leptin receptor by
ectodomain shedding of membrane-spanning receptors in vitro and in vivo. J Biol
Chem 2002, 277: 45898— 45903.

Lammert A, Kiess W, Bottner A, Glasow A, Kratzsch J: Soluble leptin receptor
represents the main leptin binding activity in human blood. Biochem Biophys Res
Commun 2001, 283: 982— 988.

Huang L, Wang Z, Li C: Modulation of circulating leptin levels by its soluble
receptor. J Biol Chem 2001, 276: 6343— 6349.

Maamra M, Bidlingmaier M, Postel-Vinay MC, Wu Z, Strasburger CJ, Ross RJ:
Generation of human soluble leptin receptor by proteolytic cleavage of
membrane-anchored receptors. Endocrinology 2001, 142: 4389— 4393.

Balagopal PB, Gidding SS, Buckloh LM, Yarandi HN, Sylvester JE, George DE,
Funanage VL: Changes in circulating satiety hormones in obese children: a
randomized controlled physical activity-based intervention study. Obesity (Silver
Spring) 2010, 18: 1747-53. Epub 2010 Jan 21, 2010 Sep;18(9):1747-53.

Radwanska U, Michalewska D, Armata J, Balwierz W, Boguslawska-Jaworska J,
Cyklis R, Derulska D, Kolecki P, Lastowska M, Newecka-Samol T: Acute
lymphoblastic leukemia therapy in Poland. A report from the Polish Children’s
Leukaemia/Lymphoma Study Group. Folia Haematol Int Mag Klin Morphol
Blutforsch 1989, 116: 199-210.

Radwanska U, Michalewska D, Kolecki P, Armata J, Balwierz W, Boguslawska-
Jaworska J, Chybicka A, Cyklis R, Kowalczyk J, Ochocka M: Standard and
intermediate risk acute lymphoblastic leukemia in Poland. A report of the Polish

Children's Leukemia/Lymphoma Study Group. Acta Paediatr Jpn 1995, 37: 31-36.

15



16.

17.

18.

19.

20.

21.

22.

Balwierz W, Moryl-Bujakowska A, Skoczen S, Pawiniska K, Balcerska A, Ptoszynska
A, Chybicka A, Dobaczewski G, Juszczak K, Wachowiak J, Derwich K, Kowalczyk J,
Wisniewska-Slusarz H, Matysiak M, Krauze A, Rokicka-Milewska R, Pawelec K,
Sonta-Jakimczyk D, Luszczynska A, Tomaszewska R, Wysocki M, Styczynski J,
Swiatkiewicz V: Improvement of treatment results in children with high risk
acute lymphoblastic leukemia (ALL) treated with modyfied ,,NEW YORK”
protocols between 1987 and 2002. Przeg Lek 2003, 60 (Suppl 5): 13-16.

Krebs NF, Himes JH, Jacobson D, Nicklas TA, Guilday P, Styne D: Assessment of
child and adolescent overweight and obesity. Pediatrics 2007, 120 (Suppl 4): 5164-
5192.

Body Mass Index seeker. [www.halls.md/body-mass-index/bmi.htm].

Barlow SE and the Expert Committee: Expert Committee recommendations
regarding the prevention, assessment, and treatment of child and adolescent
overweight and obesity. Pediatrics 2007, 120 (Suppl 4): 5164-5192.

Oeffinger KC, Mertens AC, Sklar CA, Yasui Y, Fears T, Stovall M, Vik TA, Inskip
PD, Robison LL; Childhood Cancer Survivor Study: Obesity in adult survivors of
childhood acute lymphoblastic leukemia: A report from the childhood cancer
survivor study. J Clin Oncol 2003, 21: 1359-1365.

Pui CH, Evans WE: Treatment of acute lymphoblastic leukemia. N Engl J Med
2006, 354: 166-178.

Ross JA, Oeffinger KC, Davies SM, Mertens AC, Langer EK, Kiffmeyer WR, Sklar
CA, Stovall M, Yasui Y, Robison LL: Genetic variation in the leptin receptor gene
and obesity in survivors of childhood acute lymphoblastic leukemia: a report

from the Childhood Cancer Survivor Study. J Clin Oncol 2004, 22: 3558-3562.

16



23.

24.

25.

26.

27.

28.

29.

Janiszewski PM, Oeffinger KC, Church TS, Dunn AL, Eshelman DA, Victor RG, Brooks
S, Turoff AJ, Sinclair E, Murray JC, Bashore L, Ross R: Abdominal obesity, liver fat,
and muscle composition in survivors of childhood acute lymphoblastic leukemia. J
Clin Endocrinol Metabol 2007, 92: 3816-3821.

Tonorezos ES, Vega GL, Sklar CA, Chou JF, Moskowitz CS, Mo Q, Church TS, Ross
R, Janiszewski PM, Oeffinger KC: Adipokines, body fatness and insulin resistance
among survivors of childhood leukemia. Pediatr Blood Cancer 2011 Jan 19. doi:
10.1002/pbc.22964. [Epub ahead of print]

Arguelles B, Barrios V, Buno M, Madero L, Argente J: Anthropometric parameters
and their relationship to serum growth hormone-binding protein and leptin levels
in children with acute lymphoblastic leukemia: a prospective study. Eur J
Endocrinol 2000, 143: 243-250.

Karaman S, Ecran O, Yildiz I, Bolayiri M, Celkan T, Apak H, Ozkan A, Onal H,
Canbolat: Late effects of childhood ALL treatment on body mass index and serum
leptin levels. J Pediatr Endocrinol Metab 2010, 23: 669-674.

Brennan BM, Rahim A, Blum WF, Adams JA, Eden OB, Shalet SM:
Hyperleptinaemia in young adults following cranial irradiation in childhood:
growth hormone deficiency or leptin insensitivity? Clin Endocrinol (Oxf) 1999, 50:
163-169.

Lustig RH, Post SR, Srivannaboon K, Rose SR, Danish RK, Burghen GA, Xiong X,
Wu S, Merchant TE: Risk factors for the development of obesity in children
surviving brain tumors. J Clin Endocrinol Metab 2003, 88: 611-616.

Constine LS, Woolf PD, Cann D, Mick G, McCormick K, Raubertas RF, Rubin P:
Hypothalamic-pituitary dysfunction after radiation for brain tumors. N Engl J

Med 1993, 328: 87-94.

17



30. Schwartz MW, Niswender KD: Adiposity signaling and biological defense against
weight gain: Absence of protection or central hormone resistance? J Clin
Endocrinol Metab 2004, 89: 5889-5897.

31. Niswender KD, Magnuson MA: Obesity and the B cell: Lessons from leptin. J Clin
Invest 2007, 117: 2753-2756.

32. Florin TA, Fryer GE, Miyoshi T, Weitzman M, Mertens AC, Hudson MM, Sklar CA,
Emmons K, Hinkle A, Whitton J, Stovall M, Robison LL, Oeffinger KC: Physical
inactivity in adult survivors of childhood acute lymphoblastic leukemia: A report
from the childhood cancer survivor study. Cancer Epidemiol Biomarkers Prev
2007, 16: 1356-1363.

33. Ness KK, Mertens AC, Hudson MM, Wall MM, Leisenring WM, Oeffinger KC, Sklar
CA, Robinson LL, Gurney JG: Limitations on physical performance and daily
activities among long-term survivors of childhood cancer. Ann Intern Med 2005,

143: 639-647.

Figure 1. Differences between leptin and leptin receptor levels in patients treated with and
without CRT

Figure 2. Differences between leptin and leptin receptor levels in overweight and non-

overweight patients

Figure 3. Distribution of leptin receptor levels relative the leptin levels
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Table 1. Patient characteristics

Feature Total CRT No CRT
Number of patients (%)

Total 82 (100) 31(38) 51(62)

Gender:

Female 37 (45) 16 (20) 21(26)

Male 45 (55) 15 (18) 30 (36)

ALL status :

First complete remission 79 (96) 29 (35) 50 (61)

Relapses 3 2 1

CNS 1 1 0

Testes 2 1 1

BM+CNS 0 0 0

Intensity of protocol:

High intensity 14 (17) 13 (16) 1(1)

Standard intensity 68 (83) 18 (22) 50 (61)

Age at diagnosis(years) 1-16,9 1,9-13,7 1-16,9

Median 4,5 4,2 4.8

Age at study (years) 4,8-26,2 4,8-26,2 5,6-24,2

Median 13,2 17,7 11,4

Time from the start of 0,9-20,7 2,8-20,7 0,9-10,4

ALL treatment (years)

Median 7.8 12,7 6,1

Time from completion of 0,5-4,3 1,8-4,3 0,5-3,4

ALL treatment (years)

Median 32 2,7 3,2

ALL - acute lymphoblastic leukemia; CRT - cranial radiotherapy

Table 2. Sequences of primers

Genetic polymorphism Sequences of primers Genotyping method
used (restriction

enzyme)

Leptin gene - 18G>A tggagccccgtaggaatcgea PCR-RFLP (Acil)

tgggtctgacagtctcccaggga

Leptin receptor gene - tttccactgttgetttcgga PCR-RFLP (Haelll)
K109R aaactaaagaatttactgttgaaacaaatggc

Leptin receptor gene - aaactcaacgacactctcctt PCR-RFLP (Mspl)
Q223R tgaactgacattagaggtgac
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Table 3. Anthropometric evaluation

Patients Total CRT No CRT
Number of patients (%)

Total 82 (100) 31 (38) 51 (62)

Gender:

Female 37 (45) 16 (20) 21 (26)

Male 45 (55) 15 (18) 30 (36)

Overweight at ALL 13 (16) 3(10) 10 (20)

diagnosis

Overweight after 25 (1) 7 (23) 18 (35)

ALL treatment

CRT - cranial radiotherapy

Table 4. Distribution of the of the tested polymorphisms in the study group

Genotyping group (n=77)

Overweight Leptin gene; -18G>A

Leptin receptor gene;

Leptin receptor gene;

polymorphisms K109R polymorphisms  Q223R polymorphisms
-18AA -18GG and R/R K/K R/R Q/Q
genotype -18GA genotype and K/R genotype and Q/R
genotypes genotypes genotypes
Yes 5 19 4 20 2 22
No 11 42 5 48 14 39
CRT (n=30)
Yes 0 7 2 5 1 6
No 3 20 1 22 18
No CRT (n=47)
Yes 5 12 2 15 1 16
No 8 22 4 26 9 21

CRT - cranial radiotherapy
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