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Introduction

Background Meningioma is the most common brain tumor in which therapy and
monitoring depend on the histopathological grade (World Health Organization [WHO]
Grade). Progesterone receptor (PR) expression was reported positive in meningothelial
cells and meningiomas with various degrees of positivity. We evaluated PR expression
to determine its correlation with WHO Grade and each subtype of meningioma.
Materials and Methods This study used 70 samples of paraffin block that were diag-
nosed as meningioma and classified into WHO Grade I, II, and Ill. The paraffin blocks
were sectioned in 5 um thickness and immunohistochemically stained with the anti-PR
antibody.

Results PR expression was found positive in WHO Grade | and Il groups, but negative
in WHO Grade Il group with the score of +2 found in clear cell and atypical subtype.
These results were statistically significant with p-value < 0.05.

Conclusion PR can be used as an additional marker to determine WHO Grade and
subtype of meningioma.

resection, and radiotherapy must be done for the treatment
of grade IIl meningioma. Besides therapy, monitoring after

Meningioma is the most frequent brain tumor originating
from meningothelial cells in the arachnoid layer with an inci-
dence reported in the USA found in 36% in adults and 2.8%
in children with a higher incidence in women. Meningioma
is classified into grade I, II, and Il based on World Health
Organization (WHO) 2016 criteria. The incidence of each
grade is 90%, 20 to 25%, and 1 to 6%, respectively.'* Grade I
meningioma generally could be treated with surgery fol-
lowed by routine observations. However,Grade I menin-
gioma needs a more complex approach such as subtotal
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therapy also depends on the extent of tumor resection and
grading.>* The WHO Grade is also the most useful predictor
of recurrence, where Grade I, II, and III have recurrence 7 to
25%, 29 to 52%, and 50 to 94% in 20 years, respectively.

It is important to determine the appropriate grade of
meningioma based on WHO 2016 criteria to determine
appropriate therapy and monitoring and to determine the
patient's prognosis. However, there are some borderline
cases that cannot meet the minimum criteria for a particular
grade, so the additional marker is needed.
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Progesterone is an essential regulator of female reproduc-
tive function in the uterus, ovary, mammary gland, and brain,
which also has an important role in nonreproductive tissues
such as the cardiovascular system, bone, and central nervous
system.> Progesterone receptor (PR) expression is reported
to be found positive in 50 to 80% meningioma® with various
degrees of expression, generally inversely related to the grade of
meningioma, Grade I has a positive expression,®® while Grade
I and IIT have negative expressions or only show focal positive
expressions.® So, PR can be useful in borderline cases.>'°

Based on the importance of clinical application and role
in biological concepts, a study was conducted to evaluate PR
expression in Meningioma WHO Grade I, II, and III.

Materials and Methods

This study was an analytic-observational study with a
cross-sectional design, using paraffin blocks of central
nervous system tumor that were diagnosed as meningi-
oma in Anatomical Pathology Laboratories of DR. Wahidin
Sudirohusodo Hospital, and Sentra Diagnostik Patologia,
Makassar. Samples were grouped as Meningioma WHO
Grade I, II, and IIl based on WHO 2016 grading system. This
study was ethically approved by the Health Research Ethics
Committee of Faculty of Medicine, Hasanuddin University.
(457/H4.8.4.5.31/PP36-KOMETIK/2018).

Immunohistochemical Staining for PR

Paraffin blocks were sectioned in 5 pum thickness by micro-
tome and mounted on Poly-L-lysine object-glass. These
tissue sections were deparaffinized with xylene and rehy-
drated with gradient alcohol. The endogenous peroxidase
activity of tissue was blocked by 3% hydrogen peroxide for
10 minutes. The tissue sections were treated with retrieval
antigen solution in the microwave for 20 minutes and pro-
tein block for 10 minutes, incubated with primary antibody
anti-PR (DB-Biotech) for 30 to 60 minutes that was detected
with secondary antibody for 10 minutes and conjugated with
horseradish peroxidase for 15 minutes. The enzymes were
labeled with 3,3'-diaminobenzidine for 10 minutes. The tis-
sue sections were then counterstained with Mayer’s hema-
toxylin, and covered with Entellan and deck glass.

Immunohistochemical Staining Interpretation

PR expression is an accumulation of PR protein at the nucleus
that is stained brown as a positive expression by immunohis-
tochemical staining. The expression was scored semiquanti-
tively based on the staining intensity, a score of stained nuclei
of the tumor cells. (0 = no staining, 1+ = staining in <10%
nuclei, 2+ = staining in 11-50% nuclei, 3+ = staining in 51-80%
nuclei and, 4+ = staining in 81-100% nuclei). PR expression
was considered negative if scored as 0 and 1+ (=Fig. 1), and
positive if scored as 2+, 3+, and 4+ (=Fig. 2).1'12

Fig. 1 Negative progesterone receptor (PR) expression. (A) PR score 0, (B) PR score 1+ (Anaplastic Meningioma, World Health Organization

[WHO] Grade I11). (400X)
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Fig. 2 Positive progesterone receptor (PR) expression. (A) PR score 2+ (Atypical Meningioma, World Health Organization [WHO] Grade II),
(B) PR score 3+ (Psammomatous Meningioma, WHO Grade 1), (C) PR score 4+ (Meningothelial Meningioma, WHO Grade I). (400X)
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Statistical Analysis

The results of this study were analyzed with SPSS (Statistical
Package for Social Sciences) version 17 (IBM Company). The
correlation of PR expression with Meningioma WHO Grade I,
II, and III and its subtypes was analyzed with Mann-Whitney
U and chi-squared tests.

Results

In this study, 70 samples were collected from the Anatomical
Pathology Laboratories of DR. Wahidin Sudirohusodo
Hospital and Sentra Diagnostik Patologia Makassar
from January 2012 to June 2018 that were diagnosed as
Meningioma WHO Grade [, II, and IIl as many as 27, 23, and
20 samples, respectively. The subtypes of each grade were
Meningothelial, Fibrous, Transitional, Psammomatous and
Microcystic; Chordoid, Clear Cell and Atypical; and Papillary
and Anaplastic (=Table 1).

The samples in this study consisted of 24 men and
45 women with a mean age of 49.26 (from the range of 17-98)
years old (=Table 1). The mean age of each Meningioma
WHO Grade [, II, and III was 49.15, 47.3, and 51.65 years
old, respectively, and the mean age with positive and
negative PR expression was 48.3 and 51.65 years old, respec-
tively. The distribution of sex and age is not significantly
related to WHO Grade and PR expression (chi-squared test
and one--way analysis of variance test; p > 0.05). (~Table 2)

PR expression scores and PR expression in each
Meningioma WHO Grade I, II, and Il were 4+ and 3+
(positive 100%), 4+ and 2+ (positive 100%), and 1+ and 0
(negative 100%), respectively. These data indicates that
there were differences in PR expression scores between
Meningioma WHO Grade I and II, between WHO Grade I and
III, and between WHO Grade Il and IIl (Mann-Whitney U test;
p =0.000 [p < 0.01]), and there were different PR expression
in Meningioma WHO Grade I, II, and III (chi-squared test;
p =0.000 [p < 0.05]). PR expression scores and PR expression
based on subtypes of each Meningioma WHO Grade I, II, and
IIl were Meningothelial, Fibrous, Transitional, and Microcystic

Poniman et al.

4+ (positive), and Psammomatous 4+ and 3+ (positive); Clear
Cell and Atypical 2+ (positive), and Chordoid 4+ (positive);
and Papillary 1+ and 0 (negative), and Anaplastic 1+ and
0 (negative). This data also showed that there were differences
in PR expression scores and PR expression between each sub-
type of Meningioma WHO Grade I, II, and III (chi-squared test;
p=0.000 [p < 0.05]) (~Table 3).

Table 1 General characteristics

Characteristics n %
Gender Male 25 35.7
Female 45 64.3
WHO Grade | 27 38.6
Il 23 32.9
1 20 28.6
Subtypes Meningothelial 6 8.6
Fibrous 6 8.6
Mixed 7 10
Psammomatous 5 7.1
Microcystic 3 4.3
Chordoid 7 10
Clear cell 2 2.9
Atypical 14 20
Papillary 2 2.9
Anaplastic 18 25.7
PR Score 0 13 18.6
1+ 7 10.0
2+ 16 22.9
3+ 2 2.9
4+ 32 45.7
PR Expression Positive 50 71.4
Negative 20 28.6

Abbreviations: WHO, World Health

Organization.

PR, progesterone receptor;

Table 2 Comparison between WHO Grade of Meningioma and PR expression to gender and age characteristics

WHO Grade p-Value PR Expression p-Value
1 (%) 11 (%) 111 (%) Positive Negative
(%) (%)
Gender 0.174 0.229°
Male 6(22.22) 10 (43.48) 9 (45) 16 (32) 9 (45)
Female 21(77.78) 13 (56.52) 11 (55) 34 (68) 11 (55)
Age 0.597° 0.365°
Mean 49.15 47.30 51.65 48.30 51.65
Median 49 48 51.50 48.5 51.50
Minimum 26 26 17 26 17
Maximum 89 68 98 89 98

Abbreviations: PR, progesterone receptor; WHO, World Health Organization.

2Chi-squared test.
®One-way analysis of variance test.
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Table 3 Comparison between PR score and PR expression to WHO Grade of Meningioma and its subtypes characteristics

PR score p-Value PR expression p-Value
4+ (%) 3+ (%) | 2+ (%) 1+ (%) 0 (%) Positive | Negative
(%) (%)
WHO Grade 0.000° 0.000°
| 25(92.59) | 2(7.41) | O 0 27 (100) | O
1l 7(30.43) 16 (69.57) 0 23(100) | O
111 0 0 0 6 (30) 14 (70) 0 20 (100)
Subtypes 0.000° 0.000°
Meningothelial 6 (100) 0 0 0 0 6 (100) 0
Fibrous 6 (100) 0 0 0 0 6(100) | 0
Mixed 7 (100) 0 0 0 0 7 (100) 0
Psammomatous | 3 (60) 2 (40) 0 0 0 5(100) 0
Microcystic 3(100) 0 0 0 0 3(100) 0
Chordoid 7 (100) 0 0 0 0 7(100) | 0
Clear Cell 0 0 2 (100) 0 0 2(100) 0
Atypical 0 0 14(100) | 0 0 14(100) | 0
Papillary 0 0 0 1(50) 1(50) 0 2(100)
Anaplastic 0 0 0 5(27.78) | 13(72.22) 18 (100)

Abbreviations: PR, progesterone receptor; WHO, World Health Organization.

*Mann-Whitney U test.
®Chi-square test.

Discussion

The risk of having meningioma increases with age. The ten-
dency of women to have Grade I meningioma is higher than
men, while for Grade II and Il meningioma the tendency
of men is higher than women. Because of the differences in
gender, one of the other proposed etiology of meningioma is
hormonal.? But based on the data of age and gender in this
study, there were no significant differences related to the dis-
tribution in WHO Grade I, 11, and IIl meningioma and also no
significant differences with PR expression. So that it supports
the general etiologies of meningioma that are idiopathic and
sporadic rather than the proposed one which is hormonal.2*®
This is in line with the research conducted by Mukhopadhyay
et al, which reported there was no relationship between
age and WHO Grade® and also another research conducted
by Roser et al, which reported there was no relationship
between sex and age with the PR expression.!?

The data characteristics of this study based on WHO
Grade I, II, and III were 27 (38.6%), 23 (32.9%), and
20 (28.6%) samples, respectively, with each subtype consist-
ing 6 Meningothelial (8.6%), 6 Fibrous (8.6%), 7 Transitional
(10%), 5 Psammomatous (7.1%), and 3 Microcystic (4.3%)
samples (Grade I); 7 Chordoid (10%), 2 Clear Cell (2.9%),
and 14 Atypical (20%) samples (Grade II); and 2 Papillary
(2.9%) and 18 Anaplastic (25.7%) samples (Grade III). This
is in accordance with the nature of meningioma that is a
slow-growing neoplasm and generally benign so that the
incidence of Meningioma WHO Grade I is more common
than WHO Grade II and III, with the subtypes commonly are
Meningothelial and Transitional.>'

Progesterone is an essential regulator of reproductive
function and also plays an important role in nonreproductive
tissues such as the cardiovascular system, bone, and central
nervous system.’ In the central nervous system, progester-
one is a neurosteroid and has a variety of important roles.
Besides that, progesterone is also an indirect precursor of
cortisol. Cortisol itself has a role in the response to stress and
has an anti-inflammatory effect.’® Progesterone is normally
expressed in non-neoplastic meningothelial cells in small
amounts, which then increases when there is cell prolifer-
ation, such as in meningioma, and decreases when there are
changes in cell differentiation.’® However, this progesterone
expression is not under the influence of the estrogen as in
reproductive organs.®'?'7 Meningothelial cells primarily line
the edges of arachnoid granulation so-called arachnoid cap
cells,’”® and this arachnoid granulation plays a role in the
absorption of cerebrospinal fluid into dural sinuses.!”'® The
role of PR in the regulation of the fluid transportation is not
yet clear, but there are some indications that steroid hor-
mones can play a role in which glucocorticoid dexametha-
sone is reported to increase the absorption of cerebrospinal
fluid into the sagittal sinus. In addition, metabolites from
progesterone and mineralocorticoid deoxycorticosterone
have been reported to modulate the function of the recep-
tor-operated chloride channel in the nervous system, which
is associated in fluid and ion transportation.'”

PR expression in meningioma is inversely related to WHO
Grade, which in WHO Grade I there is an increase of 50 to
90% PR expression; so it shows positive PR expression while
in WHO Grade II and III there is a loss of 60 to 80% and 80 to
90% PR expression, respectively; so it shows focal or negative
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PR expression.”” Almost all WHO Grade III shows negative
expression.? In this study, obtained PR expression scores 4+
and 3+ were found in WHO Grade [, 4+ and 2+ were found
in WHO Grade II, and 1+ and 0 were found in WHO Grade
I, with 100% positive PR expression in WHO Grade I and
I, and 100% negative in WHO Grade III. These data showed
significant differences in PR expression scores and PR expres-
sion in Meningioma WHO Grade I, II, and III. Based on each
subtype, a score of 4+ was obtained 100% in Meningothelial,
Fibrous, Transitional, and Microcystic (WHO Grade I), 60% in
Psammomatous (WHO Grade I) and 100% in Chordoid (WHO
Grade II); 3+ was obtained 40% in Psammomatous; 2+ was
obtained 100% in Clear Cell and Atypical (WHO Grade II); 1+
was obtained 50% in Papillary and 27.78% in Anaplastic (WHO
Grade III); and 0 was obtained 50% in Papillary and 72.22% in
Anaplastic (WHO Grade III). This result is in line with the other
studies, which reported that positive PR expression was found
more in WHO Grade I than II and negative PR expression was
found in WHO Grade II1.5-%1%16 [n one study, Ikeri et al reported
that PR expression scores decrease along with the increasing
of grade in which PR expression scores of WHO Grade I were
higher than Il and IIl, and WHO Grade II was higher than IIL.'¢

Based on these data from this study, PR expression scores
and PR expression can be used to help diagnose Meningioma
WHO Grade [, 11, and I1I, especially for Atypical and Anaplastic
subtypes that are sometimes difficult to diagnose using 2016
WHO criteria, because there are some cases that cannot meet
the minimum diagnostic criteria (borderline cases), while the
other subtypes were diagnosed based on each its histopatho-
logical characteristics.

Other studies also recommended PR expression to be used
as a routine marker to help assess the nature of meningioma,
which can distinguish the degrees of differentiation with the
value inversely related to WHO Grade, although there was
the same value between WHO Grade I and II, both had a pos-
itive expression.”#1%16 Roser et al added that PR expression
should be combined with other markers to help assess the
nature of meningioma, and also to predict recurrence and to
determine more effective follow-up strategies.!

Conclusion

We can conclude that if the PR expression is negative, then
it is grouped into WHO Grade III, and if the PR expression is
positive, then it is grouped into WHO Grade I and II. If the
PR expression score is +2, then it is grouped in WHO grade Il
with Clear Cell or Atypical subtypes. Based on this, PR expres-
sion can be used as an additional marker to help determine
WHO grade and several subtypes especially in borderline
cases.

Highlights

* Meningioma is the most common brain tumor which
therapy and monitoring depend on the histopathological
grade (WHO Grade).

» Progesterone is not only an essential regulator of repro-
duction but also has an important role in the nonrepro-
ductive organ as in the central nervous system.
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* PR expression was reported positive in meningothelial
cells and meningiomas with various degree of positivity.

» There was a significant correlation between PR expression
to WHO Grade of meningioma and its subtypes.
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