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Objectives: Meningiomas are generally benign central
nervous system neoplasms, which frequently express
progesterone receptor (PR) and rarely express the
estrogen receptor (ER). The significance of Her-2/neu
expression in meningiomas is unclear. We evaluated the
correlation with Her-2/neu, PR, ER expressions and clin-
icopathologic parameters in World Health Organization
(WHO) Grade | meningiomas.

Patients and Methods: In total, 53 cases of menin-
giomas were included in this study. Formaline-fixed,
paraffin-embedded tissue sections were immunostained
for Her-2/neu, PR and ER.

Results: Whereas 27 (50.9%) of meningiomas were
positive for PR, no reaction was determined for ER.
Her-2/neu overexpression was observed in 12 (22.6%)
cases. There was positive correlation between Her-2/
neu and PR expressions (p=0.015). Her-2/neu expres-
sion was frequently seen in meningothelial type (p=0.03).
There were no correlations with Her-2/neu, ER, PR and
other clinicopathologic parameters.

Conclusion: The results of our study show that despite
there being PR expression at a high rate in grade |
meningiomas, ER expression is a rare finding. Moreover,
Her-2/neu expression has been detected more often in
the PR positive and meningothelial type.

Key words: Her-2/neu; progesterone receptor; estrogen recep-
tor; meningioma.

Amac: Meningiomlar genellikle benign davranis gos-
teren, siklikla progesteron reseptdri (PR), seyrek ola-
rak da &strojen reseptoéri (ER) eksprese eden santral
sinir sistemi neoplazileridir. Meningiomlarda Her-2/neu
ekspresyonunun 6nemi hentz aydinlatilamamistir. Bu
calismada, WHO grade | meningiomlarda Her-2/neu,
PR ve ER ekspresyonlari ile klinikopatolojik parametreler
arasindaki iligki arastirildi.

Hastalar ve Yéntemler: Calismaya toplam 53 menin-
giom olgusu dahil edildi. Formalinde fikse edilen, para-
fine gédmllmus doku kesitlerinde Her-2/neu, PR ve ER
imminboyamasi gergeklestirildi.

Bulgular: Meningiomlarin 27’sinde (%50.9) PR poziti-
vitesi saptanirken, ER ile reaksiyon saptanmadi. On iki
olguda (%22.6) Her-2/neu overekspresyonu belirlendi.
Her-2/neu ile PR ekspresyonu arasinda pozitif korelas-
yon saptandi (p=0.015). Her-2/neu ekspresyonu menin-
gotelyal tipte daha sik olarak izlendi (p=0.03). Her-2/neu,
ER, PR ve diger klinikopatolojik parametreler arasinda
iliski saptanmadi.

Sonug: Calismamizin sonuglari grade | meningiomlarda
PR ekspresyonunun sikhigina karsin, ER ekspresyonu-
nun nadir bir bulgu oldugunu gésterdi. Ek olarak, Her-2/
neu ekspresyonunun PR pozitif ve meningotelyal tipte
daha sik gorildigi saptandi.

Anahtar sézclikler: Her-2/neu; progesteron reseptdr; éstrojen
reseptdr; meningiom.
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Meningiomas arise from the meningothelial cells of
arachnoid granulations and are one of the most com-
mon tumors of the central nervous system. Ninety
percent of meningiomas are classified as histologi-
cally benign and correspond to grade I of the World
Health Organization (WHO) classification for tumors
of the nervous system. The standard treatment for
meningiomas is surgical resection, with additional
radiation therapy when necessary. Meningiomas recur
in more than 20% of cases and are sometimes inoper-
able because of their relatively inaccessible locations.™
Morphological and biopathological parameters such as
histological grade, histological sub-type, high prolifera-
tive index, and brain invasion have been proposed to
have prognostic value.” Given the variable behavior
of meningiomas, even all of these factors in concert
may be inadequate for determining the course of the
disease. The preponderance of progesterone recep-
tors (PRs) and the scarcity of estrogen receptors (ERs)
in meningiomas are well known. The expression of
PRs may relate to tumour grade, recurrence, and low
proliferative index.*”! The role of ERs in meningiomas
remains unclear.*®! The oncogene Her-2/neu, the sec-
ond member of the epidermal growth factor receptor
family, is a well-known prognostic factor in various
human tumors such as breast carcinoma.*'However,
the significance of Her-2/neu expression in meningio-
mas is currently unknown. 116!

In the present study, we analyzed the immunohisto-
chemical expression of the PR, ER, and Her-2/neu in WHO
grade I meningiomas. In addition, we related the expres-
sion profiles of these factors to clinicopathological param-
eters such as age, gender, tumour size, brain and dura inva-
sion, histological subtype, and proliferative index.

PATIENTS AND METHODS
Clinical Data

Fifty-three primary benign intracranial meningioma
(WHO grade I) cases were included in this retrospective
study. Of these, 32 were diagnosed in the Department
of Pathology, Zonguldak Karaelmas University School
of Medicine and 21 were diagnosed in the Department
of Pathology in Dr. Liitfi Kirdar Training and Research
Hospital between 2003 and 2008. Clinical information
was obtained for all cases.

Histopathological Examination

Meningioma tissue samples were routinely fixed in for-
malin and embedded in paraffin. Sections (5 ym) were
stained with hematoxylin and eosin for histological
examination. The slides were reviewed for histological
subtyping and grading according to the WHO 2007 clas-
sification.! In each case, the two most representative
sections were selected for immunohistochemical stain-
ing. Normal arachnoidal tissues obtained from autopsy
cases were also immunostained in parallel.
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Immunohistochemical Staining

Immunohistochemical staining was performed on
4-pm-thick, formalin-fixed, paraffin-embedded tissue sec-
tions using a streptavidin-biotin-peroxidase technique
(BSA-DAB). To enhance staining, heat-induced epitope
retrieval was performed. Primary antibodies against the
ER (clone 6F11; dilution 1:150; Novocastra, Newcastle,
UK), PR (Clone 1294; dilution 1:150; Dako, Carpinteria,
CA, US), Her-2/ neu (clone; CB11; dilution 1:50; Diagnostic
BioSystems, CA, US), and Ki67 (clone MIB-1; dilution
1:200, Dako, Carpinteria, CA, US) were used.

Controls and Immunostaining Criteria

All nuclear stainings were positive for Ki67. The mitotic
index (MI) was determined by summing the total number
of mitotic figures observed in the 10 high-power fields
(x400) that contained the highest number of mitosing cells.

Steroid receptor expression levels in each sample were
semi-quantitatively evaluated. The grades were defined
as follows: 0, <1% positive cells; 1, 2-10% positive cells; 2+,
11-50% positive cells; and 3+, >50% positive cells. Cells
with values greater than 1% were considered to be posi-
tive for PR or ER. Her-2/neu expression in each sample
was also semi-quantitatively evaluated, as follows: 0, no
staining; 1+, faint and incomplete membranous pattern;
2+, moderate and complete membranous pattern; and 3+,
strong membranous pattern. An immunohistochemistry
score of 2+ or greater was considered as Her-2/neu over-
expression. Appropriate positive (breast carcinoma for
PR, ER and Her-2/neu; normal tonsil tissue for Ki67) and
negative controls (omitted primary antibody) were evalu-
ated simultaneously in all cases.

Statistical Analysis

The categorical and categorized variables entered into the
analysis were the patient’s gender, histological subtype,
tumour grade, presence of meningeal/brain invasion,
and PR, ER, Her-2/neu, and Ki67 expression. Differences
between groups were examined using the Mann-
Whitney U test, chi-square test and Spearman’s rank test.
Calculations were performed with SPSS for Windows,
version 11.0 (SPSS, Inc., Chicago, IL, US). Differences were
considered statistically significant at p<0.05.

RESULTS

There were 34 (64.2%) female and 19 (35.8%) male
patients, with an age range of 38-78 years (56.9+11.5).
Histologically, there were 28 (52.8%) meningothelial, 12
(22.6%) transitional, seven (13.2%) psammomatous, and
six (11.3%) fibroblastic meningiomas (Fig. 1a-d).

Her-2/neu immunostaining was detected in 35 (66%)
of the 53 meningiomas examined, with Her-2/neu over-
expression (immunoreactivity score=2+) in 12 (22.6%)
cases (Fig. 2a, b). The proliferation index ranged from
0.35-8.4% (2.842.0%) (Fig. 2c). Twenty-seven menin-
giomas (50.9%) were positive for PRs (Fig. 2d), whereas
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Histopathological appearance of WHO grade I menin-
giomas. (a) Meningothelial meningioma (X60), (b) psam-
momatous meningioma (X40), (c) fibroblastic meningioma-
microcystic (X80) and (d) angiomatous (X20) component.
Hemotoxylin-Eosine staining.

no staining was observed for ERs in any sample. The
PR immunoreactivity was strong and distinct. Normal
arachnoidal tissue was weakly positive for Her-2/neu
and negative for both ER and PR. The degrees of PR and
Her-2/neu immunostaining among various histological
subtypes of grade I meningiomas are shown in Table 1.

There was no significant association between the
proliferation index and any other clinicopathological
parameter (p>0.05 for each). There was a positive cor-
relation between Her-2 /neu and PR expression (r=0.585,
p=0.015), and Her-2/neu overexpression was frequently
observed in meningothelial meningiomas (p=0.03). No
significant relationships were observed between Her-2/
neu, PR and ER expression and any other clinicopatho-
logical parameter (p>0.05 for each).

DISCUSSION

Clinical and epidemiological data reveal that meningio-
mas are hormone-sensitive tumors. The epidemiological
similarities between meningioma and breast cancer,

Table 1. Expression of PR and Her-2/neu in meningiomas
according to histological type*.

PR** Her-2 /neu***
Histology - + o+t - + At
Meningothelial 13 7 5 3 5 16 4 3
Transitional 6 3 2 1 4 5 2 1
Psammomatous 3 4 0 0 5 2 0 0
Fibroblastic 4 2 0 0 4 0 1 1
Total 26 16 7 4 18 23 7 5

* Data are given as number of cases.

** - no positive or <1% positive cells; +: 2-10% positive cells; ++: 11-50%
positive cells; +++: >50% positive cells.

*** - no staining; +: faint, incomplete membranous pattern; ++:
moderate, complete membranous pattern; +++: strong membranous

pattern.
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2. Immunohistochemical stains for Her-2/neu; (a) X60, (b)
X120, (c) Ki67 (X80) and (d) PR (X100) in meningothelial
meningioma. BSA-DAB staining.

in addition to their similar steroid hormone receptor
profiles, suggest that new treatment methods used for
breast cancer tumors may also be viable options for
meningiomas.®” However, the role of sex steroids and
Her-2/neu expression in the pathogenesis, progression,
and treatment of meningiomas awaits investigation.

The presence of PRs in meningiomas has been docu-
mented in many studies, with rates of occurrence ranging
from 48 to 88%.57 In our study, we detected PR expression
in 50.9% of the cases. This occurrence rate is comparable to
the results of previous studies and indicates that PR expres-
sion is frequently observed in grade I meningiomas.

A review of the literature yielded no report on the
relationship between PR expression and patient age,
tumour size, or histological subtype.’” Similarly, no
relationship between these parameters and PR expres-
sion was detected in our study. In addition, we did not
detect a statistically significant relationship between
gender and PR expression. It has been reported in
numerous studies that PR expression in meningiomas
is more frequent in female patients.*® However, these
studies included a substantial number of atypical and
malignant meningiomas, which are mostly devoid of
PRs and are seen more frequently in male patients.
Therefore, the previously reported gender-related dif-
ference might have been the result of the particular
selection criteria used in the study, which resulted in a
non-homogeneous patient population.

Some researchers have noted that the lack of PR expres-
sion in WHO grade I meningiomas is associated with a high
mitotic index.*¥ Another group detected no relationship
between PR expression and the proliferative index.! We did
not find a statistically significant relationship between PR
expression and the proliferative index in our study.

Despite the prevalence of PR expression, ER expres-
sion in meningiomas is quite rare. Some researchers
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assert that there is no ER expression in meningio-
mas,*! whereas others have reported ER expression
rates of 5-33%.5541 In studies employing high precision
molecular techniques, the rates tended to be higher.
Pravdenkova et al.'! advocated that positive ER expres-
sion in meningiomas is concomitant with karyotype
anomalies and is an indicator of a bad prognosis.
The presence of cytoplasmic ER expression has been
reported in cases without nuclear ER expression.” In
our study, we did not detect nuclear or cytoplasmic ER
expression in any of the cases. This finding is compat-
ible with the results of other studies employing immu-
nohistochemical methods.[**!? These results show that
ER expression is detected at a lower rate than PR
expression in meningiomas. These observations may
be attributable to ER expression at levels too low to be
detected immunohistochemically. Alternatively, it may
be that PR and ER expression are independently regu-
lated in meningiomas. However, the regulation of PR
and ER expression is tightly linked in other hormone-
sensitive tissues (e.g., breast and ovary).

The Her-2/neu oncogene was the second member
identified in the epidermal growth factor receptor fam-
ily. Her-2 /neu-encoded p185 protein, a receptor tyrosine
kinase, is associated with multiple signal transduction
pathways involved in cellular growth.®! Her-2/neu is a
well-known prognostic factor in various tumurs such as
breast carcinoma, although the significance of Her-2/neu
expression in meningiomas is unclear.”*"! In our study,
Her-2/neu overexpression was detected in 22.6% of the
cases, which is within the range of 2.5 to 67.3% reported
for Her-2/neu overexpression in meningiomas.7!

In a study by Loussouarn et al.,!" Her-2 /neu overex-
pression was more frequent in meningiomas displaying
epithelial differentiation, such as meningothelial and
secretory types. Durand et al.!¥! reported no relationship
between Her-2/neu and histotypes. In the present study,
Her-2/neu expression was also significantly higher in
meningothelial meningiomas, suggesting that Her-2/
neu expression may be associated with differentiation.

No relationship has been described between Her-2/
neu overexpression and proliferative activity in previous
studies,”®l and our results support this finding.

Loussouarn et al.!? reported no relationship between
Her-2/neu and PR expression. In contrast, Her-2/neu
expression and PR expression were positively correlated
in the present study. To the best of our knowledge, no
other studies have investigated the relationship between
these two parameters. Further studies are needed to pro-
vide additional reliable information on the relationship
between Her-2/neu and PR expression in meningiomas.

In some studies, Her-2/neu expression was not
detected in normal brain or arachnoid tissue.l'>'! In con-
trast, Schlegel et al.ll and Potti et al.l'! detected Her-2/
neu in non-neoplastic arachnoid cap cells. In the current
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study, we also observed Her-2/neu immunoreactiv-
ity at low levels in non-neoplastic meningeal tissues.
Therefore, we classified cases with 2+ or greater Her-2/
neu expression as overexpression.

Our study demonstrated that although Her-2/neu
and PR are expressed at high rates in grade I meningio-
mas, ER expression is rare. Moreover, Her-2 /neu expres-
sion was detected more frequently in the PR-positive
and meningothelial meningiomas. Studies conducted in
larger patient groups may provide reliable information
for formulating alternative treatment choices as well as
assessing the roles of these parameters in the pathogen-
esis and progression of meningiomas.
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