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Does leptin have a role in the development

of intracranial meningiomas?

Hraje leptin roli v rozvoji intrakranialnich meningeom?

Abstract

Introduction: Meningiomas are the most frequent benign tumours of the intracranial cavity
accounting for around 30% of all intracranial tumours. The majority of meningiomas are actually
benign while a certain subset demonstrate a higher incidence of recurrence and unfavourable
morbidity and mortality rates. Leptin, the product of the obese (ob) gene, is a 16-kDA polypeptide
which is located on human chromosome 7. It plays a crucial role in the regulation of body weight
by controlling food intake, energy metabolism and neuroendocrine function. Aim: To search for
a possible relationship between leptin and intracranial meningioma formation. A prospective
control clinical study was used. Patients and methods: According to WHO classification of CNS
tumours, 20 patients with grade | and 12 patients harbouring grade Il meningiomas were included
in the study. Fasting blood glucose, blood insulin and leptin levels were determined. Leptin staining
scores were evaluated immunohistochemically from the parafin blocks of the meningioma patients.
Body mass index values and antidiabetic drug treatment were also noted. Results: No statistically
significant relationship was noted between the grade | and grade Il meningioma groups in all the
parameters searched (body mass index, blood glucose levels, blood leptin levels, leptin staining
score). The use of antidiabetic drug treatment was homogenous between the groups. Conclusion:
The present study did not provide any evidence about a possible association between leptin and
intracranial meningioma formation. However, research with a larger volume of patient groups,
including grade Il meningiomas is needed in order to substantiate such a relationship.

Souhrn

Uvod- Meningeomy jsou nej¢astéjsimi nezhoubnymi nadory nitrolebnf dutiny a tvo¥i pfiblizné 30 %
véech nitrolebnich nadora. Velkd vétsina z nich je skute¢né nezhoubnych, avsak urcitd podmnozina
téchto naddord se projevuje vyssim vyskytem recidivy a nepfiznivou mirou morbidity a mortality.
Leptin, produkt obézniho (ob) genu, je polypeptid o hmotnosti 16 kDA, ktery se nachdzi na
lidském chromozomu 7. Hraje z&sadni roli pfi regulaci télesné hmotnosti fizenim pfijmu potravy,
energetického metabolismu a neuroendokrinni funkce. Cil: Hledani mozného vztahu mezi leptinem
a tvorbou intrakranidlniho meningeomu. Byla pouzita prospektivni kontrolovana klinicka studie.
Soubor a metody: Do studie bylo zafazeno 20 pacientl s meningeomem stupné | a 12 pacientd
s meningeomem stupné Il podle klasifikace nddorl CNS dle WHO. Byly stanoveny hodnoty
glykemie nalacno, inzulinu v krvi a leptinu v krvi. Imunohistochemicky bylo stanoveno skoére barveni
leptinu z parafinovych blokd pacientli s meningeomem. Také byly zaznamendany hodnoty body
mass indexu a antidiabetickd lécba. Vysledky: Nebyl zjistén zadny statisticky vyznamny vztah mezi
skupinou s meningeomem stupné | a skupinou s meningeomem stupné Il ve véech zkoumanych
parametrech (body mass index, glykemie, hladina leptinu v krvi, skére zbarvenf leptinu). Uzivan{
antidiabetik bylo mezi skupinami homogenni. Zdvér: Tato studie neposkytla dlikazy o mozné
souvislosti mezi leptinem a tvorbou intrakranidlniho meningeomu. Pro potvrzeni takového vztahu
je v8ak nutny vyzkum s vétsim rozsahem skupin pacientd, véetné meningeomu stupné |Il.
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Introduction The majority of meningiomas are actually

Meningiomas are the most frequent benign
tumours of the intracranial cavity accounting
for around 30% of all intracranial tumours [1].

benign while a certain subset demonstrate
a higher incidence of recurrence and
unfavourable morbidity and mortality rates.

The first choice of treatment is still surgery
with the aim of total resection. Radiosurgery
is generally adjuvant mode of treatment
for subtotally resected, atypical and
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malignant forms. In some specific situations,
radiosurgery may be the initial form of
therapy.

Leptin, the product of the obese (ob) gene,
is a 16-kDA polypeptide which is located
on human chromosome 7. It plays a crucial
role in the regulation of body weight by
controlling food intake, energy metabolism
and neuroendocrine function [2,3]. Leptin
is mainly secreted from adipose tissue. It
elicits its effects by interacting with specific
receptors (ObR) at the level of hypothalamus.
Leptin was thought to be produced only by
the adipocytes in the early studies. However,
stomach [4], heart, skeletal muscle [5],
placenta [6] and mammary gland were also
reported as being other sources in recent
human studies. The presence of leptin and
leptin receptors have been demonstrated in
the brain and pituitary of rats [7,8]. After the
results of these studies, it is not accurate to
limit the effects of leptin as responsible for
body weight control only. Leptin was also
shown to regulate different physiological
and pathological processes, including brain
growth [9], reproduction, immunity function
and cancer progression [2,10,11].

To our knowledge, this is the first study
that evaluates the relationship between
body mass index (BMI), blood leptin levels
and leptin receptor expression in menin-
gioma patients.

Patients and methods

Tissue samples

The patient group included 32 patients, age
range between 34 and 80 years and average
of 549 years. The male/female ratio was
1.12/1 (17 males, 15 females). On the basis of
WHO classification of CNS tumours, 20 pa-
tients had grade I and 12 patients had grade |l
meningiomas. Grade | patients formed group
1 while grade Il patients constituted group 2.

Immunohistochemical staining
Haematoxylin and eosin sections from the
tumour of each patient were reviewed and sui-
table paraffin blocks were selected forimmuno-
histochemical staining. Four-um sections were
obtained, deparaffinized and an antigen retrie-
val procedure was carried out by microwaving
the sections in ethylenediaminetetraacetic acid
for 20 min. Staining with leptin antibody (rab-
bit polyclonal antibody, clone: orb10976, Bior-
byt, San Francisco, CA, USA) was performed
using avidin-streptavidin method. Positive and
negative batch controls showed appropriate
staining. The intensity of immunolabelling was
scored as follows: 0 (no immunoreactivity), 1+
(weak immunoreactivity), 2+ (moderate immu-
noreactivity), 3+ (intense immunoreactivity).

Biochemical analysis
The fasting peripheral venous blood
samples of 5 cc were obtained from each
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Fig. 1. Bar graph demonstrating the results of the leptin study. There is no statistically
significant difference observed between the parameters.

BMI — body mass index; WHO — World Health Organisation

Obr. 1. Sloupcovy graf zndzornujici vysledky studie leptinu. Nebyly nalezeny Zadné sig-

nifikantni rozdily mezi parametry.

BMI — index télesné hmotnosti; WHO — Svétova zdravotnickd organizace

patient for glucose, insulin and leptin levels.
They were centrifuged at 3,000 rpm for
10 min and stored at =20 °C for maximum
of 3 months. The DIAsource Leptin-EASIA kit
(DlAsource Immuno Assays S.A., Louvain-la-
Neuve, Belgium) was used for serum leptin
analysis. The results were obtained using
ELISA-AID software (ElisaKit.com Pty Ltd,
Scoresby, VIC, Australia). The BMI and use of
antidiabetic drugs were noted.

Statistical analysis

All data collected throughout the clinical
study were analysed using SPSS 15 statistical
software (IBM Corp., Chicago, IL, USA). Non-
parametric tests were used because of
the patient numbers in the groups. Non-
parametric groups were evaluated by the
Mann-Whitney U test, and the chi-square
and/or Fisher's exact tests were applied
for intergroup comparisons. A p < 0.05 was
considered statistically significant.

Results

There were 15 females and 17 males in the
study. Nine male and 11 female patients
formed group 1 while 8 male and 4 female
patients were present in group 2. The
patients’ age in the groups ranged from
34 to 80 years with an average age of
57.65 and 54.50, resp. In terms of age and
gender, there was no statistically significant
difference observed between the groups
(p > 0.05) (Fig. 1).

Body mass index, blood glucose and
blood leptin levels were some of the other
studied parameters. According to the BMI
calculations, the median values were found
as 2745 for group 1 and 29.25 for group
2 patients. However, this difference was not
statistically significant (p > 0.05). Further-
more, median blood glucose level of group
1 was found as 99.5 mg/dl while group 2 had
a median glucose level of 95.5mg/dl. This
difference was not statistically significant
either (p > 0.05). Serum median leptin
levels for group 1 and group 2 were found
as 5.75 and 7.28 ng/ml, resp. However,
these results did not show any statistically
significant difference (p > 0.05) (Fig. 1).
Three patients with a history of antidiabetic
treatment were found in group 1 while
only one such patient was present in
group 2.

Immunohistochemical staining for leptin
receptors demonstrated different staining
scores in terms of group 1 and 2 (Fig. 2).
However, this difference was not found to be
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Fig 2. Immunohistochemical staining scores showing A) none (0), B) weak (1), C) moderate (2) and D) intense (3) immunoreactivity

(leptin x100).

Obr. 2. Imunohistochemické skére zabarveni ukazujici A) zadné (0), B) slabé (1), C) stfedni (2) a D) intenzivni (3) imunoreaktivitu (leptin x 100).

statistically significant with a p = 0.054. The
data of the study are shown in Tab. 1.

Discussion

Meningiomas are believed to originate from
the arachnoid cap cells. Different etiologic
factors have been proposed in literature,
Among these, trauma and ionising radiation
are the well known ones [1,12-18]. Schneider
et al. [19] retrospectively analysed the risk
factors and predisposing factors for the
development of symptomatic meningioma
during adult life in a group of 306 patients.
The results of the study revealed association
of pre-existing diabetes with meningioma
in the age group of 40-69 years. In female
patients, significant association of arterial
hypertension and meningioma formation
was noted in the age group of 60-69 years.
Rheumatoid arthritis had negative asso-

ciation in both sexes over 50 years of age.
Bronchial asthma, smoking and obesity were
found to be not significantly related with
meningioma development. A secondary
primary tumour was present in 12 cases, the
most frequent tumour being breast cancer
(5/12). There were 32 patients in our study.
The patients’ age in the groups ranged
from 34 to 80 years with an average age of
57.65 and 54.50, resp. In terms of age and
gender, there was no statistically significant
difference observed between the groups.
Body mass index is a strong suspect in
the development of meningioma. There
are several studies in the literature that
refer to the relationship between BMI and
meningioma. Aghi et al. [20] retrospectively
studied 32 male patients with meningioma.
The average BMI was 30.2 kg/m? and 47%
of this group was found to be obese. They

compared the postoperative complications
of the meningioma group with those
of the aneurysm and glioma group. The
results showed high risk of postoperative
complications in obese male patients
harbouring meningioma. In a retrospective
US study including 72,257 patients who
underwent surgery for intracranial menin-
gioma between 1998 and 2007, the asso-
ciation of weight and outcomes of me-
ningioma was evaluated. The authors con-
cluded that weight loss was the single
most critical factor in patients experiencing
higher mortality, complications, hospital
charges and longer hospital stay. Malignant
tumours were more common in patients
with weight loss (6.40 vs 4.30%, p = 0.03).
Obesity seemed to reduce mortality (odds
ratio [OR] 0.47; p = 0.0006) and complications
(OR 0.8; p = 0.0007) in women. In The HUNT
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Tab. 1. The total data of study.

IP{;}tient Gender Age ;\,{:di BMI dil;\ggtic BIooc(id[\Js/lrJTI]iBIevel BIood(ng;;é)E)e level Blooc(inlgfnzi[l)level c'[:‘:;::;?éﬁgn
drug staining score
1 F 62 1 335 + 15.5 105 45 3
2 M 38 1 253 = 6.8 94 272 1
3 M 59 1 341 - 4.7 145 3.08 1
4 F 63 1 264 = 337 125 11.79 1
5 F 50 1 23 - 49 89 492 1
6 F 53 1 289 - 34.8 192 8.24 1
7 M 60 1 269 - 224 15 2.5 3
8 F 34 1 25.1 = 6.5 95 5.81 2
9 F 40 1 259 + 49 90 8.75 2
10 M 70 1 239 = 56 100 3.24 1
1 M 65 1 39.8 - 10.8 99 13.52 2
12 F 42 1 35.2 = 5.2 87 15.53 2
13 M 59 1 25 - 6.1 97 1.1 2
14 F 80 1 293 4 25 148 10.06 2
15 M 47 1 28 - 51 R 1.87 2
16 M 47 1 274 - 849 162 1.65 2
17 M 70 1 265 - 17.5 292 3.79 2
18 F 49 1 275 = 14 m 5.69 2
19 F 52 1 305 - 8.7 87 10.52 1
20 F 64 1 324 = 273 95 706 2
21 M 61 2 31.8 - 10.70 94 4.02 3
22 M 55 2 24.6 - 5 85 3.3 2
23 M 59 2 27 - 76 85 11.51 2
24 F 58 2 34 - 104 108 29.03 2
25 F 43 2 271 - 14.3 102 1546 3
26 M 46 2 277 = 5 85 9.71 1
27 M 73 2 223 + 469 197 1.2 3
28 M 77 2 30.8 = 9.5 102 4.02 3
29 M 37 2 26 - 13.8 79 0.97 3
30 M 45 2 336 - 13.7 80 4.86 2
31 F 52 2 331 - 131 97 30.77 1
32 F 48 2 38.2 - 10.6 103 11.45 3

BMI = body mass index; F — female; M — male; WHO — World Health Organisation

study, Wiedmann et al. [21] reported that BMI
was positively associated with meningioma
risk in women. Furthermore, in a recent meta
analysis, Shao et al. [22] suggested that obesity,
but not being overweight, was associated with
an increased risk of meningioma. The results
of a European prospective cohort, including
203 meningioma patients, supported an

increase in risk of meningioma with higher BMI
among bothmenand women [23].In ourstudy,
only 4 patients were in normal ranges while
12 patients were obese and 16 patients were
overweight according to the BMI calculations.
When we compared the normal BMI patients
and the overweight plus obese patients,
this difference was statistically significant

(p < 0.05). However, median values for BMI
were found as 2745 for group 1 and 29.25 for
group 2. This difference was not statistically
significant.

Leptin and leptin receptors were shown
to be overexpressed in various tumours,
including breast, colorectal, endometrial
and prostate. But the potential role of leptin
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in human brain tumours has not been
explored in detail yet. Most leptin studies on
human brain tumours focused on malignant
tumours, especially glioblastomas [24-27].
Knerr et al. [28] assessed human intracranial
tumours for their gene expression pattern
of leptin and leptin receptors. They inves-
tigated 35 inactive pituitary adenomas,
8 meningiomas, 7 prolactinomas, 7 somato-
tropinomas and 7 astrocytomas. They
concluded that leptin and its receptors were
expressed in various intracranial tumours
but their distribution did not exhibit
a characteristic or functional pattern. Riolfi
etal. [29] were the first to demonstrate leptin
and receptor expression on the protein level
in a large series of brain cancer specimens.
They have screened 87 human brain tumour
biopsies using immunohistochemistry and
have detected leptin and ObR in 55.20%
and 60.90% of cases, resp. Furthermore,
the authors observed highly significant
association between leptin/ObR and
the degree of tumour malignancy. The
leptin/ObR system was highly expressed in
glioblastomas and anaplastic astrocytomas,
whereas there was a lower expression of
both markers noted in low-grade astro-
cytomas and gangliogliomas.

Maffei et al. [30] reported that obese
humans have high circulating leptin levels
that are directly correlated to the total
amount of adipose tissue. In our study,
median serum leptin values for overweight
and obese patients were found to be
5.75 and 10.985 ng/ml, resp. Statistically
significant difference was observed between
the overweight and obese patients. These
results were similar to the study conducted
by Maffei et al. Furthermore, serum median
leptin levels for group 1 and group 2 were
found as 5.75 and 7.28 ng/ml, resp. But,
these results did not show any statistically
significant difference.

Riolfi et al. [29] reported that in addition to
endogenous hormones, such as oestrogen
or progesterone, or fatty tissue-associated
proinflammatory cytokines, leptin receptor
expression status might be a risk factor for
meningioma growth and progression. They
have screened 158 meningiomas (low-
grade meningiomas, N = 114; high-grade
meningiomas, N = 44). Conversely, our study
is limited by the number of patients as well
as having no grade Il meningioma patients.

Riolfi et al. [29] also reported a positive
correlation between the expression of
leptin/leptin receptor and the degree of

tumour malignancy. Similarly in breast and
gastric cancers, overexpression of leptin/leptin
receptor was significantly associated
with greater tumour size, higher tumour
grade/stage and poorer prognosis. In our
study, immunohistochemical staining for leptin
receptors demonstrated different staining
scores in terms of grade | and Il meningiomas.
However, this difference was not found to be
statistically significant with a p = 0.054. We
speculate that this borderline insignificant
result with a 0.004 difference could originate
from the limited number of group 2 patients.

To our knowledge, the main drawback of
the present study is the limited number of
patients and having no grade lll meningioma
patients due to lack of sufficient patient
cooperation and participation.

Conclusion

Our data reveal that leptin receptors are found
in various numbers in meningioma patients
and may be correlated with tumour grade.
Further studies with larger cohorts are needed
to reveal an association between leptin and
intracranial meningioma development.
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