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Abstract

Routine histopathological criteria are poor predictors of the outcome in meningiomas. The present study tried to determine if some adhesion
cell molecules could be helpful in assessing the histological aggressiveness in meningiomas of all grades. Our series comprised 113 cases,
WHO grade I (n=53), WHO grade II (n=47) and WHO grade III (n=13). Three cases of meningeal non-meningothelial tumors (hemangiopericytoma, hemangioblastoma and fibrosarcoma) were also studied as control tissue. Immunohistochemistry for CD44, CD54, E-cadherin,
progesterone receptor (PGR) and Ki67 was performed. CD54 was for the first time systematically assessed in meningiomas of all three
grades of malignancy. CD44 and CD54 were expressed in 58.4 and 31.72% of cases, respectively. CD54 expression showed a direct
correlation with the degree of histological anaplasia and Ki67 values. More than half of cases (58.11%) were negative for E-cadherin, mostly
the anaplastic ones, which also showed less positive areas for this marker. Cell adhesion molecules were not significantly related to a
particular histological type and proliferating potential of meningiomas. Overall, CD54 as well as E-cadherin could be used as additional
aggressiveness indicators aside the classical ones. On the other way, Ki67 once again confirmed its significant role in the assessment of
meningioma aggressiveness.
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 Introduction
Meningiomas are tumors with variable evolution and
prognosis. Several factors seem involved in their behavior,
as the cell adhesion molecules. Among these, CD44
is supposed to be related to tumor invasiveness and
metastatic potential. It was studied on various tumors
types, including meningiomas [1]. CD44 is a cell surface
receptor for the extracellular matrix molecule hyaluronan,
being involved in cell-matrix adhesion and matrixmediated cell signaling [2–4]. It may be considered a
marker of stem cells, together with CD133, OKT4,
NANOG, and ALDH1 [5], and also seems to promote
tumor cell proliferation and migration [6]. Its expression
seems to be more intense in atypical vs. low-grade
meningiomas, where it appears in variable degrees [7].
CD54 antigen (ICAM-1) is an integral membrane glycoprotein involved in intercellular adhesion, also involved
in recruiting of macrophages and granulocytes [8]. Until
the present study, its expression in meningiomas, as well as
its possible correlations with the overall aggression degree
of these tumors was only rarely studied, and mostly
related to local angiogenesis [9]. E-cadherin is a transmembrane glycoprotein that mediates epithelial cell
adhesion, maintaining cell and tissue structure, being
also involved in morphogenesis [10, 11]. It appears to
be expressed in the majority of meningiomas, being
possibly related to tumorigenesis [12] and even to be
considered as a valuable prognostic marker, in combination
with clinical data [13].
Since all these molecules appear as possibly related
to some behavioral characteristics of meningiomas, we
tried to assess whether correlations exist between their
ISSN (print) 1220–0522

immunohistochemical expression and histological subtypes,
other prognostic molecules (i.e., Ki67, and progesterone
receptors – PGR), or age and gender, as well as with the
overall outcome.
 Materials and Methods
The study was done on paraffin-archived material
from consecutive cases of meningioma from the archives
of the National Institute of Neurology and Neurovascular
Diseases, Bucharest, Romania. Only first interventions
were taken into account, avoiding recurrent tumors at
first presentation. Also, the cases were selected from
a remote period of time (2000–2001 years) in order to
have enough follow-up periods in each case. All patients
were followed annually in the Clinic of Neurosurgery
where they have been operated, with physical examination
and CT scans made available to us. The series comprised
113 cases, WHO grade I (n=53, 31 females, 22 males,
median age 52.69 years), WHO grade II (n=47, 31 females,
16 males, median age 54.21 years) and WHO grade III
(n=13, eight females, five males, median age 54.61 years).
In the benign category, the tumor subtypes included the
following ones: fibrous – 14, transitional – 10, meningothelial – 21, microcystic – 4, psammomatous – 1, angiomatous – 2 and sclerous [14, 15] – 1. The WHO grade II
group comprised 45 atypical cases and two chordoid ones.
Among the high-grade, malignant cases, eight were
anaplastic and five papillary. As control cases, we took
into account: a meningeal hemangiopericytoma in a
60-year-old female, because of its possible histological
resemblance with a patternless malignant meningioma, a
meningeal hemangioblastoma in a 49-year-old woman,
ISSN (on-line) 2066–8279

586

Dorel Arsene et al.

possibly resembling histologically a microcystic or a clearcell meningioma, as well as a meningeal fibrosarcoma in
a 41-year-old woman, potentially mistaken for a fibrous
meningioma.
Immunohistochemistry was performed on the paraffinembedded material using the EnVision+ Dual Link System
Peroxidase kit (Dako, Carpinteria, CA, USA), according
to the manufacturer’s instructions. Primary antibodies
against the following antigens were used: CD44 (1:50),
CD54 (1:50), PGR (1:100) (Novocastra, Newcastle Upon
Tyne, UK), E-cadherin (1:50), EMA (1:75), Ki67 (1:50)
(Dako, Glostrup, Denmark,), vimentin (1:100) (Biogenex,
San Ramon, CA, USA). EMA and vimentin were used
only to confirm the meningothelial nature of the tumor
and are not further discussed in the article. The positivity
for CD44, CD54, E-cadherin and PGR was considered
on the entire tumor sample and expressed roughly as a
proportion of all cell population. The Ki67 labeling index
was manually counted in 100 nuclei in the most positive
areas of the tumor and expressed as a percentage.
Subsequently, the values for cell adhesion molecules

Figure 1 – Patchy expression of CD44 in an atypical
meningioma. Immunohistochemistry, ×40.

A specific association with a particular histological
pattern in the benign category was not found (i.e.,
fibrous type cases showed either 100% positivity or a
total absence of it).
CD54 was expressed globally in 37 cases of the whole
series (32.74%) of cases. Within the three groups, we
found positivity in 13 (24.5%) cases (B), 17 (36.17%)
cases (AT), and seven (53.84%) cases (AN), respectively.
The expression followed also a zonal pattern (Figure 3).
The median values of positive tumor cells were 18.85%
(B), 22.17% (AT) and 37.69% (AN), respectively. The
results are depicted in Figure 4.
In our series, the cases positive for E-cadherin were
as following: 24 (45.28%) (B), 21 (44.68%) (AT) and
four (30.76%) (AN). Its expression had various degrees
of intensity, within the same tumor and in separate cases.
Overall, the median expression on the whole surface of
the tumor was 44.45% for B, 27.82% for AT and 27.22%
for AN. Some tumors exhibited strong focal positivity
(Figure 5). The Ki67 labeling index was 3.8% (B),
13.42% (AT) and 18% (AN), respectively. Within the
benign group, we found statistically significant correlations

expression were compared among them and with those
of Ki67 and PGR, as well as with the histological degree,
subtype and localization of the tumor, also taking into
account the age, gender and possibly the recurrence interval.
Logistic regression was used for these correlations,
a p<0.05 being considered as statistically significant.
The statistical analysis was performed using Excel and
StatView 5 software.
 Results
CD44 was positive in 66 cases of the whole series
(58.4%). On separate categories, it appeared expressed
in 30 cases of the WHO I (benign – B) series (56.6%), in
30 cases of the WHO II series (atypical – AT) (63.88%)
and in six cases of the WHO III series (anaplastic – AN)
(46.15%).
The expression pattern was mostly patchy (Figure 1),
sometimes very obviously limited to the cell membrane
(Figure 2). The median values of positive tumor cells
were 22.66% (B), 14.44% (AT) and 17% (AN).

Figure 2 – CD44 expression in another case of atypical
meningioma. The positivity is strictly confined to the
cell membranes. Immunohistochemistry, ×200.

between the CD44 and CD54 expressions values (p=0.0011;
r=0.436) (Figure 6) and CD44 with E-cadherin (p=0.046;
r=0.274). A tendency toward parallel increase in the CD44
values with Ki67 expression was also obvious, even
though not statistically valid (p=0.057; r=0.261).
In the WHO grade II series, only a parallel increase
in CD44 and CD54 values was also statistically significant
(p=0.0113; r=0.366). In the malignant category, however,
the same parallel increase of the two adhesion molecules
was not present. Here, the only association with statistical
meaning was that of Ki67 decreasing in parallel with a
greater expression of progesterone receptors (negative
correlation) (p=0.05; r=0.55).
The progesterone receptors (PGR) were positive in
74 cases of the whole series (65.48%), with no gender
differences. These comprised 32 (60.7%) benign, 35
(74.4%) atypical and seven (53.84%) malignant cases.
The mean values of positive cells decreased with the
histological grade: 24.9% (B), 22.83% (AT), and 15.38%
(AN). On the other hand, no correlation appeared in
relation with its expression and that of cell adhesion
molecules. Remarkably, 30% of the hemangiopericytoma

Adhesion cell molecules as potential markers of aggressiveness in meningiomas

587

cells and 20% of the fibrosarcoma cells were also positive
for PGR.
It is to note that no gender differences were present
for any of the studied markers, including progesterone
receptors.
From the clinical point of view, from 53 benign
meningiomas, only one (1.88%) recurred at four years
interval after surgery. No particular expression of the
studied molecules was noted in this patient. Of the 47
atypical patients, five (10.63%) recurred at two years
interval after surgery. Of 13 high-grade cases, four
(30.76%) recurred at one year interval (Figure 7).

Figure 5 – E-cadherin shows strong positivity of
meningothelial islands in a case of secretory meningioma. Immunohistochemistry, ×400.

Figure 3 – CD54 is diffusely expressed in all the cells
of this atypical meningioma. Immunohistochemistry,
×200.
Figure 6 – The diagram shows a parallel increase in
the CD44 and CD54 values in the benign series of
meningioma.

(a)

Figure 7 – Diagram showing the percentage of
recurrent meningioma cases for the three grades of
malignancy.

(b)
Figure 4 – The first diagram (a) shows the percentage
of patients positive for CD54 in the three groups. The
second one (b) represents the median surface area
positive for CD54 in the three series and shows an
obvious increase in values paralleling the higher WHO
grade.

It is noteworthy to emphasize that great variability
exists between various regions of the same tumor regarding
the expression of any of the studied markers. Large
regions could be totally negative, while some remote ones
are strongly positive for a given staining. Therefore, the
results must be taken carefully as approximate ones, at
least for meningiomas.
 Discussion
Even if CD44 is considered as a marker for so-called
tumor initiating cells in meningioma, which could promotes
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tumorigenesis in this category [16], our findings did not
find a parallel expression neither for the number of
cases nor for the intensity of its staining related to the
tumor grade.
Since CD54 was here for the first time assessed in
meningiomas, we cannot make comparison with other
similar findings. However, based on our data, the overall
CD54 expression seems a seriously reliable diagnostic
tool for predicting the overall clinical aggressiveness of
the tumor. Its positivity showed massive increase regarding
the number of cases paralleling the increase in tumor
grade (53.84% in malignant versus only 24.5% in WHO I
cases), as well as regarding the percentage of positive
tumor cells (37.69% versus only 18.85%) for the same
categories.
Some studies affirm a decline in the E-cadherin
expression in meningioma parallel with an increase
of anaplastic changes [17]. More recent studies either
confirm this statement [18] while others invalidate it
[19]. Nevertheless, recent studies affirm a total lack of
correlation between the E-cadherin expression and the
tumor grade [20]. Our findings tend to support mostly
the first hypothesis, since both the number of cases
positive for E-cadherin and also the stained tumor area
decreased from WHO I category to WHO III one (45.28%
to 44.68%, and 44.68% to 30.76%, respectively). Its
stronger expression in low-grade tumors could explain
their more benign behavior, despite the well-known
tendency of meningiomas to invade adjacent structures
regardless the tumor grade. The low percentage of
E-cadherin expression in high-grade meningiomas of
our series could be, however, a consequence, at least in
part, of the smaller number of cases (n=13).
Our study found a significant negative correlation
between progesterone receptors and Ki67 expression
only in the malignant series of cases. This could not
confirm other studies stating a negative correlation
between PGR expression and the clinical aggressiveness
in meningiomas [21]. The overall series showed only a
discrete decrease in the PGR values, from 24.9% in
benign cases to 15.38 in the anaplastic ones, without
statistical significance. This is mostly different from
recent studies, which found a drastic decrease between
the same classes, from 96.8% to 0% [22]. The lack of
differences between male and female patients in our
series is in accord with other studies [23]. Even though
lower values of PGR are recognized in higher-grade
tumors [24], in our series only relatively small differences
were noted as stated above. This could be explained by
the relatively small cohort of high-grade patients in our
study.
As Ki67 is considered an important factor in
establishing the prognosis and recurrence of meningiomas
[25], its determination appears as essential. Numerous
studies are in accord with the relative major importance
of determining Ki67 labeling index for meningiomas
related to the clinical outcome [13, 26–28]. However,
its accuracy is doubtful, since differences exist between
laboratories, regarding the sample processing and even
interpretation methods of the stained slides [29]. Due to
this variability, a cutoff value should be established in each
laboratory for the diverse meningioma categories [30].

Since great differences were obvious among various
areas of the same tumor in the majority of cases for all
the studied markers, both pathologists and neurosurgeons
must be aware of this reality. The most accurate sampling
and panel of antibodies used as possible for the former,
as well as the most complete removal of the tumor for
the latter must be the central goals in current practice.
Additional markers should be added in order to obtain
predictable data regarding the meningioma outcome [31].
 Conclusions
The initial histological tumor grade was strongly
associated with the recurrence-free interval since benign
tumors recurred later and in a non-significant percentage,
while the high-grade tumors recurred in a 15-fold
percentage and in a much shorter interval. Additional
markers to assess the overall clinical behavior proved to
be Ki67 and progesterone receptors. CD54 expression
however, with values increasing in parallel with increased
anaplasia and histological grade, could be also thought
as a valuable prognostic tool, but only in conjunction
with Ki67 expression. E-cadherin expression was lower
in higher-grade tumors and could be used as an additional
prognostic marker. Further studies on larger series and
targeting more adhesion molecules are needed for
accurately predicting meningioma outcome.
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