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FEATURES OF ESTROGEN AND PROGESTERONE
RECEPTOR EXPRESSION IN MENINGIOMAS DEPENDING
ON GENDER

Introduction. Meningiomas are non-malignant brain or spinal cord
neoplasms originating from meningeal cells. The etiology of
meningiomas remains insufficiently studied due to the subclinical course
and relatively low incidence. Because meningiomas affect women more
than twice as often as men, and there are recorded cases of the disease in
pregnant women, it is advisable to investigate the role of female sex
hormones in the development of this disease.

Objective. Our work aimed to study the features of the expression of
estrogen and progesterone receptors in meningioma tissue depending on
the gender of the patients.

Methods and matreials. A total of 50 samples were examined, of
which 25 samples were from female patients (group W) and 25 from
male patients (group M). The average age of patients in group W was
60.92+1.84 years, and group M was 59.88+3.39 years. Regardless of the
equivalent indicators of average age, it is worth noting that the age of
female patients varied 42 to 79 years and of male patients — 24 to 88
years. We examined the samples macroscopically, histologically and
immunohistochemically (antibodies against estrogen and progesterone
receptors).

Results. When examined macroscopically, the meningioma had a
characteristic spherical or plaque-like shape, grey colour, somewhat
bumpy surface, moderate density, and fibrous structure on cross-section.
During the histological examination, most samples in both groups were
assigned to psammomatous or meningothelial histological subtypes, the
characteristic histological patterns of which were concentric structures
of flattened tumour cells and psammoma bodies.

Conclusions. Immunohistochemical examination of meningioma
tissue with antibodies against estrogen (ER) and progesterone (PR)
receptors showed their more significant presence in samples of female

398


https://orcid.org/0000-0001-9690-1775
https://orcid.org/0000-0002-3567-2996
http://orcid.org/0000-0001-5851-2218
https://orcid.org/0000-0003-2700-5832

Eastern Ukrainian Medical Journal. 2024;12(2): 398-405

patients compared to samples of male patients (p<0.001), which
confirms the critical role of female sex hormones in etiology and
pathogenesis meningioma.

Keywords: tumors, meningioma, immunohistochemistry, estrogen,
progesterone.
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3J10pOB’s,

OCOBJIMBOCTI EKCIPECII PELEINTOPIB ECTPOT'EHY TA
INPOTI'ECTEPOHY B MEHIHI'TOMAX 3AJIE?KHO BIJI CTATI

MeHiHTiOMH — 1€ HE3JOSKICHI HOBOYTBOPEHHsSI TOJIOBHOTO a0o
CIMHHOTO MO3Ky, IO TOXOAATH 3 KINTHH MO3KOBHX 00OomoHOK. II{omo
eriosorii MeEHIHTIOM, TO BOHA 1 Ha CHOTOJHIIIHIA JEHb 3aJMINAECTHCS
HEOCTaTHRO BHBYCHOIO UYepe3 CyOKTiHIYHUI mepedir Ta BiJHOCHO HH3BKY
3aXBOpIOBaHiCTh. Yepe3 Te, M0 MEHIHTIOMH Bpa)kaloTh JKIHOK OLTBII HiX
BIIBiUi YacTime 3a YOJOBIKiB, a TAKOX 3a(piKCOBaHI BUIAIKHA 3aXBOPIOBAHHS
BariTHUX, JOLJIBHO JOCHIIUTH PpOJb JKIHOYMX CTaTeBHX TOPMOHIB Yy
PO3BHUTKY JIaHOTO 3aXBOPIOBAHHSI.

MeTtoro Hamoi poOoTH Oys0 BHBYCHHS OCOOJIMBOCTEH eKcmpecii
PEIENTOPIiB €CTPOreHy Ta MPOTeCTEPOHY B TKAHMHI MEHIHTIOM 3aJIC)KHO Bi
CTaTi XBOPUX.

Beboro Oymo gmocmimkeHo 50 3paskiB, 3 SKHUX 25 3paskiB BiX
MaIieHTiB KiHOYo1 cTati (rpyma W) Ta 25 Bix marieHTiB 4oJOBiUOi cTaTi
(rpyna M). Cepenniit Bik mamieHTiB rpymu W ckma 60,92+1,84 poku, a
rpyma M — 59,88+3,39 poki. He 3Bakaroun Ha piBHO3HAYHI MMOKa3HUKH
CepeIHbOTO BIKYy, BapTO BIAMITHTH, IO BIK MAIi€HTIB JXKIHOYOi CTaTi
BapitoBaBcs BiJ 42 no 79 pokiB, a yosoBiuoi crari — Bij 24 10 88 pokis.
MaKpOCKOIIYHO,  TICTOJIOTIYHO  Ta

3pa3ku  MH  JOCHiJKyBalu

IMYHOTICTOXIMIYHO (QHTUTIJIaMHM TIPOTH PELENTOpIiB eCTPOreHy Ta
MIPOTECTEPOHY).

IIpu MakpocKOMiYHOMY JOCHI/PKEH] AJIs MEHIHTIOM Oylia XapakTepHa
cdeporonibHa abo OmsmkoroniOHa Gopma, cipuil Koiip, Aemo ropoOucra
TIOBEPXHs, TIOMipHA MIUTBHICTh, BOJIOKHHUCTA CTPYKTypa Ha po3pisi. [lpu
TICTOJIOTIYHOMY JOCIHI/DKCHHI OIUTBIIICTE 3pa3kiB B 000X Tpymax Oyna
BiJIHECEHA JI0 TICAMMOMATO3HOTO a00 MEHIHTrOTEINaJbHOTO TiCTOJIOTTIHUX
MiATUITB, XapaKTepHUMHU TICTOJIOTIYHMMH TaTepHAMH  SKUX  OyJIH
KOHIEHTPHYHI CTPYKTYPH 3i CIUIOLIEHUX IMyXJIMHHHUX KJIITHH Ta ICAMMOMHI
TIJTBIIL.

IMyHOTricTOXIMIYHE IOCHI/KEHHS! TKAaHWHM MEHIHTIOM aHTHUTiIaMHU
npotu penentopiB ectporeny (ER) ta mporecrepony (PR) mokazano ix
MOMITHO OULTBIIYy NPHCYTHICTP B 3pa3Kax TMAIli€HTIB JKiHO4YOi cTaTi y
MOPIBHSAHHI 31 3pa3kaMH namieHTiB d4ojosidoi crari (p<0,001), mo
MiATBEP/KYE BXKINBY POJIb XKIHOYMX CTaTEBHX TOPMOHIB B €TioJorii Ta
MaToreHe3i MEHIHTiOM.

Kuro4oBi cjioBa: myxJIMHYM, MCHIHTIOMA, IMyHOTICTOXIMisl, €CTPOTCH,

HPOTECTEPOH.
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INTRODUCTION / BCTYII

Meningiomas are non-malignant neoplasms of the
brain or spinal cord that originate from cells of the
meninges and make up 40.8% of all tumours of the
central nervous system. In adults (mostly 40-60 years
old), these tumours are 20 times more common in the
brain than in the spinal cord and 2.2 times more
common in women than men [1].

While, in children (aged 0-18 years, less than 1% of
all meningiomas), meningiomas of the spinal cord occur
three times more often than in adults, and boys and girls
are affected with the same frequency [2].

In some patients, intracranial meningiomas may be
asymptomatic and be an incidental finding during
computed tomography or magnetic resonance imaging
ordered for other reasons. In other patients, these brain
tumours can lead to various neurological and cognitive
disorders (headache, seizures, visual disturbances,
hoarseness of voice, behavioural disorders, etc.), which
then become the cause of disability and mortality [3, 4].

As for the etiology of meningiomas, it remains
insufficiently studied to this day due to the subclinical
course and relatively low incidence [5-7]. So far, the
main factor whose influence has been proven remains
ionizing radiation (increases the risk by 6-10 times).
Moreover, relative to this factor, primary meningiomas
(environmental factor) and secondary meningiomas
(arising after radiation therapy of intracranial tumours)
can be distinguished [8, 9]. In addition, these tumours
have a certain hereditary predisposition (a meningioma
in a close family member increases the risk of the
disease by two times) [10].

Because meningiomas affect women more than
twice as often as men, as well as recorded cases of the
disease in pregnant women, it is advisable to investigate
the role of female sex hormones in the development of
this disease. This work aims to study the features of the
expression of estrogen and progesterone receptors in
meningioma tissue depending on the gender of the
patients.

Materials and methods

Protocol of the Ethics Commission

This study was approved by the commission on
compliance with bioethics in conducting experimental
and clinical research at the Educational and Scientific
Medical Institute of Sumy State University (protocol
No. 5/12 dated December 7, 2023). All studies were
performed following the Declaration of Helsinki (6th
edition, revised 2008, Seoul) and the Universal
Declaration of Bioethics and Human Rights (2006).

Collection of samples

The research was carried out on tissues obtained for
histological examination after surgical interventions
based in the neurosurgical department of the Sumy

Regional Clinical Hospital and on tissues obtained
during autopsies in the pathology department of the
Sumy Regional Clinical Hospital (Sumy, Ukraine). A
total of 50 meningioma samples were examined, of
which 25 samples were from female patients (group W)
and 25 from male patients (group M). The samples were
examined  macroscopically,  histologically  and
immunohistochemically.

Histological examination
staining)

Meningioma tissue was fixed in a 10% buffered
formalin solution for 24 hours. After that, fragments
measuring 0.5x0.5x0.3 c¢cm were cut out, placed in
histological cassettes and subjected to dehydration and
paraffin embedding in the ATM-4M carousel-type
apparatus (Ukraine). Paraffin blocks were cut at a
thickness of 7 microns using a Shandon Finesse 325
rotary microscope (Thermo Scientific, Waltham, MA,
USA). After that, the paraffin sections were stained with
hematoxylin-eosin. All photos were taken using a Zeiss
Primo Star microscope with a Zeiss Axiocam ERc 5s
camera and “Zen 2.0” software (Carl Zeiss, Jena,
Germany).

Immunohistochemical study

Serial sections of meningioma tissue with a thickness
of 3-4 microns, made from prepared histological paraffin
blocks, were applied to SuperFrost adhesive slides
(Thermo Scientific) and dried at 37°C for 18 hours.
Deparaffinized sections were subjected to unmasking of
antigens by the thermal method by heating the sections in
a citrate buffer (pH 6.0) at 95-98°C. To visualize the
results of an immunohistochemical (IGH) study, the
detection system "UltraVision Quanto Detection System
HRP Polymer" (Thermo Scientific) was used, which
involved blocking endogenous peroxidase activity with
3% hydrogen peroxide, blocking non-specific
background staining using "Ultra VV Block", enhancing
the reaction " Primary Antibody Amplifier Quanto".
Diaminobenzidine (DAB) was used as a chromogen.
Antibodies against estrogen receptors— ER (clone SP1,
Thermo Fisher Scientific, RM-9101-S1) and progesterone
receptors— RR (clone 16, VITRO master diagnostic,
MAD-000670QD-7) were used.

Statistical analysis

The results of morphometric measurements and
immunohistochemical examination were checked for
normal distribution using the Shapiro-Wilk test. The
Mann-Whitney test was used to assess statistical
significance in the non-normal distribution of digital
indicators.

If the data samples had a correct distribution, they
were compared using the Student's parametric t-test.
The results were considered statistically significant with
a probability of more than 95% (p<0.05). The statistical

(hematoxylin-eosin
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processing of the results of the immunohistochemical
study was carried out in the Attestat 11.0 statistical
package. Graphic presentation of the statistical analysis
results was performed using GraphPad Prism 8.0.

Results

A total of 50 samples were examined, of which 25
samples were from female patients (group W) and 25
from male patients (group M). The average age of
patients in group W was 60.92+1.84 years, and group M
was 59.88+3.39 years. Regardless of the equivalent
indicators of average age, it is worth noting that the age
of female patients varied from 42 to 79 years and of
male patients - from 24 to 88 years (Fig. 1).

100
80

60—

Years old

40

20

w M

Fig. 1. The age distribution of patients

Histological examination

When examined macroscopically, the meningioma
had a characteristic spherical or plaque-like shape, grey
colour (with inclusions of dirty grey or brown colours),

a somewhat bumpy surface, moderate density, and
fibrous structure on the section (Fig. 2 A, B).

During histological examination, the majority of
samples in  both groups were assigned to
psammomatous (Fig. 3A) or meningothelial (Fig. 3B)
histological subtypes, which belong to relatively
benign meningiomas (WHO grade 1). A typical
histological picture for these subtypes was created by
cells of an endothelial phenotype of oval or polygonal
shape, closely adjacent to each other with oval nuclei
and small fuzzy nucleoli. In addition, single mitoses
were observed (up to 4 in 10 fields of view at high
magnification) and the absence of brain invasion.
Characteristic histological patterns were concentric
structures of flattened tumour cells (according to the
type of transverse section of the bulb) and specific
layered formations, so-called psammoma bodies (in
isolated cases, they are the main feature of the
meningioma as a whole, in a significant number, the
histological subtype is determined as psammomatous).

Immunohistochemical study

Immunohistochemical examination of meningioma
tissue with antibodies against estrogen receptors (ER)
showed their more significant presence in samples of
female patients (Fig. 4A) compared to samples of male
patients (Fig. 4B). The number of immunopositive cells
(moderate nuclear reaction) in the samples of group W
was 81.2144.97 cells in the field of view with a
diameter of 1 mm. It was significantly more than in
group M—54.90+4.18 cells in the field vision with a
diameter of 1 mm (p<0.001) (Fig. 5).

Fig. 2. A. Meningioma tissue with a fragment of the adjacent dura mater. B. Meningioma tissue on section

Immunohistochemical examination of meningioma
tissue with antibodies against progesterone receptors
(PP) showed their significantly more fabulous
presence in samples of female patients (Fig. 6A)
compared to samples of male patients (Fig. 6B). The
number of immunopositive cells (pronounced nuclear

reaction) in the samples of group W was 174.00 +
13.30 cells in the field of view with a diameter of 1
mm, and it was significantly more than in group M-
101.37 + 7.70 cells in the field vision with a diameter
of 1 mm (p<0.001) (Fig. 7).
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Fig. 3. Histological examination of meningioma tissue (hematoxylin-eosin staining). A. Psammomatous
meningioma. B. Meningothelial meningioma. Drawings in the insets A-B correspond to the enlarged area of this

preparation

Fig. 4. Immunohistochemical study of meningioma tissue with antibodies against estrogen receptors. A is a
group of female patients (W). B — group of male patients (M). Drawings in the insets A-B correspond to the

enlarged area of this preparation
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Fig. 5. Immunohistochemical study of

meningioma tissue with antibodies against estrogen
receptors

Discussion

The role of gonadal hormones in the etiology and
pathogenesis of meningiomas has not yet been fully
elucidated, even though the first observations about the
predominant incidence among women were documented
in 1938 by Dr Harvey Cushing in his monograph [11].

Many scientists have been discussing hormones'
influence on meningiomas' development for years. First,
meningioma is the only intracranial tumour that affects
women more often than men (on average, the ratio
during life is 2:1, and during the peak reproductive
period — 3:1) [12].

Secondly, cases of progression of meningiomas
during puberty, during the luteal phase of the menstrual
cycle and pregnancy or immediately after childbirth have
been recorded (although this phenomenon is more likely
to be associated with hypervascularization and oedema
rather than proliferation of tumour cells) [13-16].
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Fig. 6. Immunohistochemical study of meningioma tissue with antibodies against progesterone receptors. A is
a group of female patients (W). B — group of male patients (M). Drawings in the insets A-B correspond to the

enlarged area of this preparation

Thirdly, cases of the development of meningiomas
(including multiple ones) after long-term hormonal
therapy, in particular with megestrol acetate,
cyproterone acetate, chlormadinone acetate, and their
partial regression after discontinuation of therapy have
been recorded [17, 18].

PR
3  400q
'S
(72}
T 300
o
Q
= 200- -
= l
o ]
) 100 =)
5 g
£ -
E 0 T T
w M
Fig. 7. Immunohistochemical study of
meningioma  tissue with antibodies against
progesterone receptors
On the one hand, some factors indicate a

significant role of endogenous or exogenous hormonal
changes in the development of meningiomas. On the
other hand, no convincing evidence could confirm this.

In this paper, we examined meningiomas
macroscopically, histologically, and
immunohistochemically (antibodies against estrogen

CONCLUSIONS / BACHOBKH

1. Macroscopically, meningiomas were
characterized by a spherical or plaque-like shape, grey
colour, somewhat bumpy surface, moderate density,
and fibrous structure on cross-section.

and progesterone receptors). Macroscopically and
histologically, no difference was found between
samples from female (group W) and male (group M)
patients.

An immunoblot identifies three isoforms of
progesterone receptors: PR-A, PR-B and PR-78. They
have  heterogeneous expression, with PR-A
predominating in 2/3 of cases. Some studies indicate
that progesterone receptor expression is a favourable
prognostic factor, and its decrease may be associated
with disease recurrence [19-21].

As for estrogen receptors, there are two isoforms -
alpha and beta. There is data on the correlation
between the expression of estrogen receptors and Ki-
67, but there is no apparent connection with the degree
of malignancy of meningioma. Other studies indicate
that the expression of these receptors is an adverse
prognostic factor. That is, the expression of estrogen
receptors has the opposite role relative to progesterone
receptors in the further prognosis of meningiomas [22—
24].

In our work, immunohistochemical examination of
meningioma tissue with antibodies against estrogen
receptors (ER) and progesterone receptors (PR)
showed their significantly more significant presence in
samples of female patients compared to samples of
male patients (p<0.001), which confirms the important
role of female sex hormones in etiology and
pathogenesis of meningiomas.

2. Histologically, most samples in both groups
were assigned to psammomatous or meningothelial
histological subtypes, the characteristic histological
patterns of which were concentric structures of
flattened tumour cells and psammoma bodies.
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3. Immunohistochemical examination of
meningioma tissue with antibodies against estrogen
(ER) and progesterone (PR) receptors showed their
significantly more significant presence in samples of

AUTHOR CONTRIBUTIONS / BKJIAL ABTOPIB

female patients compared to samples of male patients
(p<0.001), which confirms the important role of
female sex hormones in etiology and pathogenesis of
meningiomas.

Kvura O.Il.: xoHIenmis Ta Ou3aifH OOCTIMKCHHSA, OTPUMAaHHS [NaHUX, aHali3 Ta IHTEpIpeTalis NaHWX,

0pOPMIICHHS CTATTi, KpUTHYHHUHA MEPeriIsi.

Bynko I'.FO.: orpuMaHHS AaHWX, aHaNi3 Ta iHTepHperamlis MaHWX, OQOPMIICHHS CTATTi, KPUTHIHHN ITEperInim,

OCTAaTOYHE 3aTBEPIKCHHA.

IBaxniok T.B.: orpuMaHHS DaHWX, aHAJI3 Ta iHTEpHpeTamis AaHUX, OQOPMIICHHS CTATTi, KPUTHYHHUHN TEperinsi,

OCTAaTOYHEC 3aTBCPAKCHHS.

Iraiindeprep P.M.: oTpuMaHHsS NaHMX, aHAII3 Ta IHTEpHpeTalis NaHWUX, OQOPMIEHHS CTaTTi, KPUTUYHUH

neperian.

FUNDING / I2)KEPEJIA ®IHAHCYBAHHS
None.

CONFLICT OF INTEREST / KOH®JIIKT IHTEPECIB

The authors declare no conflict of interest.

REFERENCES/CITMCOK JUTEPATYPH

1. Ostrom QT, Price M, Neff C, Cioffi G, Waite KA,
Kruchko C, et al. CBTRUS Statistical Report: Primary
Brain and Other Central Nervous System Tumors
Diagnosed in the United States in 2016-2020. Neuro
Oncol. 2023;25:1\vV1-99.
https://doi.org/10.1093/neuonc/noad149

2. Marrazzo A, Cacchione A, Rossi S, Carboni A,
Gandolfo C, Carai A, et al. Intradural pediatric spinal
tumors: An overview from imaging to novel molecular
findings. Diagnostics. 2021;11(9).
https://doi.org/10.3390/diagnostics11091710

3. Zouaoui S, Darlix A, Rigau V, Mathieu-Daudé H,
Bauchet F, Bessaoud F, et al. Descriptive epidemiology
of 13,038 newly diagnosed and histologically confirmed
meningiomas in France: 2006-2010. Neurochirurgie.
2018;64(1):15-21.
https://doi.org/10.1016/j.neuchi.2014.11.013

4. Denysenko AP, Moskalenko RA. Bibliometric Analysis
of the Scientific Literature on Meningiomas With
Calcification. East Ukr Med J. 2022;10(1):98-108.
https://doi.org/10.21272/eumj.2022;10(1):98-108

5. Vernooij MW, Ikram MA, Tanghe HL, Vincent AJPE,
Hofman A, Krestin GP, et al. Incidental Findings on
Brain MRI in the General Population. N Engl J Med.
2007;357(18):1821-8.
https://doi.org/10.1056/nejmoa070972

6.  Denysenko AP, Piddubnyi AM, Tkachenko IA, Shubin
PA, Tarabarov Sl, Moskalenko RA. A comprehensive
study of dura mater biomineralization: morphological,
crystallographic, and immunohistochemical aspects.
Reports Morphol. 2023;29(4):50-7.
https://doi.org/10.31393/morphology-journal-2023-
29(4)-07

10.

11

12.

13.

Denysenko A, Pylypenko O, Moskalenko R, Kuzenko
Y. Nanoscale Calcification of the Dura Mater. Proc
2022 IEEE 12th Int Conf "Nanomaterials Appl Prop N
2022.2022;1-4.
https://doi.org/10.1109/NAP55339.2022.9934715
Braganza MZ, Kitahara CM, Berrington De Gonzélez
A, Inskip PD, Johnson KJ, Rajaraman P. lonizing
radiation and the risk of brain and central nervous
system tumors: A systematic review. Neuro Oncol.
2012;14(11):1316-24.
https://doi.org/10.1093/neuonc/nos208

Denysenko A, Danilchenko S, Stepanenko A, Chivanov
V, Moskalenko R. A Comprehensive Study of
Meningioma Biomineralization: Morphological,
Crystallographic, and Immunohistochemical Aspects.
Microsc Microanal. 2024;30(2):392-400.
https://doi.org/10.1093/mam/0zae020

Claus EB, Calvocoressi L, Bondy ML, Schildkraut JM,
Wiemels JL, Wrensch M. Family and personal medical
history and risk of meningioma: Clinical article. J
Neurosurg. 2011;115(6):1072—7.
https://doi.org/10.3171/2011.6.JNS11129

Cushing H. Charles C Thomas. Meningiomas. Their
Classification, Regional Behaviour, Life History, and
Surgical End Results. Bulletin of the Medical Library
Association. 1938; 27(2), 185.

Wiemels J, Wrensch M, Claus EB. Epidemiology and
etiology of meningioma. J Neurooncol.
2010;99(3):307-14. https://doi.org/10.1007/s11060-
010-0386-3

Agopiantz M, Carnot M, Denis C, Martin E, Gauchotte
G. Hormone Receptor Expression in Meningiomas: A
Systematic Review. Cancers (Basel). 2023;15(3).
https://doi.org/10.3390/cancers15030980

404


https://doi.org/10.1093/neuonc/noad149
https://doi.org/10.3390/diagnostics11091710
https://doi.org/10.1016/j.neuchi.2014.11.013
https://doi.org/10.21272/eumj.2022;10(1):98-108
https://doi.org/10.1056/nejmoa070972
https://doi.org/10.31393/morphology-journal-2023-29(4)-07
https://doi.org/10.31393/morphology-journal-2023-29(4)-07
https://doi.org/10.1109/NAP55339.2022.9934715
https://doi.org/10.1093/neuonc/nos208
https://doi.org/10.1093/mam/ozae020
https://doi.org/10.3171/2011.6.JNS11129
https://doi.org/10.1007/s11060-010-0386-3
https://doi.org/10.1007/s11060-010-0386-3
https://doi.org/10.3390/cancers15030980

Eastern Ukrainian Medical Journal. 2024;12(2): 398-405

14. Lusis EA, Scheithauer BW, Yachnis AT, Fischer BR, https://doi.org/10.3171/jns.1997.86.1.0113
Chicoine MR, Paulus W, et al. Meningiomas in 20. Kuroi Y, Matsumoto K, Shibuya M, Kasuya H.
pregnancy: A clinicopathologic study of 17 cases. Progesterone Receptor Is Responsible for Benign
Neurosurgery. 2012;71(5):951-61. Biology of Skull Base Meningioma. World Neurosurg.
https://doi.org/10.1227/NEU.0b013e31826adf65 2018;118:€918-24.

15.  Moskalenko Y. Biological mechanisms of resistance to https://doi.org/10.1016/j.wneu.2018.07.100
immune checkpoint inhibitors and overcoming this 21.  Verheijen FM, Sprong M, Jacobs HM, Donker GH,
resistance: Challenges in medical oncology. Regul Amelink GJ, Thijssen JHH, et al. Progesterone receptor
Mech Biosyst. 2024;15(1):83-91. isoform expression in human meningiomas. Eur J
https://doi.org/10.15421/022412 Cancer. 2001;37(12):1488-95.

16. Skoryk OD, Horila M V. Oxidative stress and https://doi.org/10.1016/S0959-8049(01)00146-0
disruption of the antioxidant defense system as triggers 22. Carroll RS, Zhang J, Black PML. Expression of
of diseases. Regul Mech Biosyst. 2023;14(4):665-72. estrogen receptors alpha and beta in human
https://doi.org/10.15421/022395 meningiomas. J Neurooncol. 1999;42(2):109-16.

17. Portet S, Banor T, Bousquet J, Simonneau A, Flores M, https://doi.org/10.1023/A:1006158514866
Ingrand P, et al. New Insights into Expression of 23.  Korhonen K, Salminen T, Raitanen J, Auvinen A, Isola
Hormonal Receptors by Meningiomas. World J, Haapasalo H. Female predominance in meningiomas
Neurosurg. 2020;140:e87-96. can not be explained by differences in progesterone,
https://doi.org/10.1016/j.wneu.2020.04.168 estrogen, or androgen receptor expression. J

18. Vadivelu S, Sharer L, Schulder M. Regression of Neurooncol. 2006;80(1):1-7.
multiple intracranial meningiomas after cessation of https://doi.org/10.1007/s11060-006-9146-9
long-term progesterone agonist therapy: Case report. J 24. Pravdenkova S, Al-Mefty O, Sawyer J, Husain M.
Neurosurg. 2010;112(5):920-4. Progesterone and estrogen receptors: Opposing
https://doi.org/10.3171/2009.8.JNS09201 prognostic indicators in meningiomas. J Neurosurg.

19. Hsu DW, Efird JT, Hedley-Whyte ET. Progesterone and 2006;105(2):163-73.
estrogen receptors in meningiomas: Prognostic https://doi.org/10.3171/jns.2006.105.2.163
considerations. J Neurosurg. 1997;86(1):113-20.

Received 09.05.2024 Ooepicano 09.05.2024
Accepted 30.05.2024 3ameeporceno oo opyxy 30.05.2024

INFORMATION ABOUT THE AUTHORS / BIIOMOCTI ITPO ABTOPIB

Oleksii Kmyta — PhD, as. prof, Sumy State University (Ukraine), https://orcid.org/0000-0001-9690-1775, mobile
phone +38 050 992 5354, Sumy, 40018

Hanna Budko — PhD, as. prof, Sumy State University (Ukraine), https://orcid.org/0000-0002-3567-2996, mobile
phone +38 068 923 0017, Sumy, 40018

Tetyana Ivakhnyuk — PhD, as. prof, Sumy State University (Ukraine), http://orcid.org/0000-0001-5851-2218, mobile
phone +38 050 086 0377, Sumy, 40018

Rayan Schtainberger — PhD, as. prof, assistant, Sumy State University (Ukraine), https://orcid.org/0000-0003-2700-
5832, mobile phone +38 099 758 6093, Sumy, 40018

405


https://doi.org/10.1227/NEU.0b013e31826adf65
https://doi.org/10.15421/022412
https://doi.org/10.15421/022395
https://doi.org/10.1016/j.wneu.2020.04.168
https://doi.org/10.3171/2009.8.JNS09201
https://doi.org/10.3171/jns.1997.86.1.0113
https://doi.org/10.1016/j.wneu.2018.07.100
https://doi.org/10.1016/S0959-8049(01)00146-0
https://doi.org/10.1023/A:1006158514866
https://doi.org/10.1007/s11060-006-9146-9
https://doi.org/10.3171/jns.2006.105.2.163
https://orcid.org/0000-0001-9690-1775
https://orcid.org/0000-0002-3567-2996
http://orcid.org/0000-0001-5851-2218
https://orcid.org/0000-0003-2700-5832
https://orcid.org/0000-0003-2700-5832

