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CD44 molecules play an important role in cell adhe-
sion, interaction between cells and extracellular matrix and
cellular invasive growth potential. The aim of the study was
to evaluate CD44 expression in atypical and benign mening-
iomas. The tumor specimens were obtained from 61 patients
(27 males and 34 females; aged 19 - 78). The analysed
material included 10 atypical meningiomas (G2), and fol-
lowing subtypes of benign meningiomas (G1): 21 transi-
tional, 17 meningothelial and 13 fibroplastic. Paraffin tissue
sections were immunostained using CD44 antibody
(DAKO). The expression of CD44 was multifocal and dif-
fuse. The strong expression was observed in atypical men-
ingiomas, no expression in fibroplastic meningiomas and
moderate expression in the other subtypes of benign men-
ingiomas. Statistically significant differences were revealed
between the expression of CD44 in G2 and G1 tumors. The
results of the study support the thesis on the role of mutated
CD44 molecule in the invasive growth potential of neoplastic
cells.

Introduction

The CD44 molecule is a polymorphic integral mem-
brane glycoprotein, which plays an important role in cell-to-
substrate and cell-to-cell interactions including lymphocyte
homing to specific lymph node tissue [13].

In the recent years, numerous investigations have con-
centrated on CD44 isoform expression in malignant tumors,
because CD44 has been linked to tumor progression [10, 12,
14, 16, 18, 22].

Several CD44 isoforms have been identified. A com-
plex gene occupying a stretch of 60 - 80 kb in the human
chromosome 11p13 encodes the CD44 molecules. The
CD44 gene contains at least 21 exons, ten of which can be
alternatively spliced. The variant molecules differ in the
middle region, located on the external side of the cell mem-
brane [7, 14, 15]. Altered expression of CD44 molecules has
been observed in many types of neoplasm [1, 4, 5, 10, 12,
16, 18]. 

There is a little data presenting CD44 expression using
immunohistochemical method in meningiomas and corre-

lated to histological subtypes [1, 3]. Rooprai et al. have
demonstrated results of CD44 expression in meningiomas
using immunohistochemical, immunocytochemical and
flow cytometry techniques [19]. 

The aim of this study was to document the pattern of the
expression of CD44 standard molecule in the common histo-
logical types of benign (G1) and atypical (G2) meningiomas.

Material and Methods

The study included 61 patients with meningiomas.
Twenty-seven patients were males and 34 females with the
age ranging from 19 to 78 years (the mean age was 54 years).
There were 10 atypical meningiomas (G2) and 51 benign
subtypes (G1): transitional - 21, fibroplastic - 13 and men-
ingothelial - 17 cases. Histological diagnosis was performed
according to the criteria of the WHO 2000 (Table 1).

The tissue specimens were fixed in 10% buffered for-
maldehyde and routinely processed for paraffin embedding.

For special staining 61 tissue blocks were selected.
Three - four-µm thick sections (one or two specimens of
central zone in tumor) were cut and mounted on poly-L-ly-
sine-coated glass slides (PolysineTM Microslides; MEN-
ZEL-GLASER). Monoclonal Mouse Anti-Human
Phagocytic Glycoprotein-1 CD44 (1:40, Clone: DF1485,
Isotype: IgG1, kappa) (DAKO) and Universal Streptavidin-
Biotin System with DAB were used. The staining was
performed strictly according to the producer’s instructions.
A microwave oven was used in order to reveal the antigens.

Immunostaining was evaluated semiquantitatively as
the percentage of positive tumor cells (10 per cent - negative;
<50 per cent, >50 per cent; >80 per cent - uniform positive
staining) and as membranous or cytoplasmic [18]. 

Morphometric investigation was performed by means
of a computer image analysis system. Positive cells number
to all counted cells number ratio was calculated for each
sample. A minimum of 1000 cells per specimen were
counted at 400x magnification. The immunointensity was
also subclassified into four groups in comparison with inter-
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nal controls (the latter were infiltrating lymphocytes):
negative - 0, weak - 1, moderate - 2, and strong - 3 staining
[14, 20]. 

A previously studied skin cancer biopsy specimen
known to be positive for CD44 proteins was used as a
positive control sample. The same biopsy specimen pro-
cessed without the primary antibody was used as negative
control sample. 

Statistical methods 

Values of examined indices in the groups of neoplasms
varying in malignancy (grade) were compared as well as
correlation between patients’ age and sex was estimated. For
whole sample and for each group there were following
parameters assigned: numbers of cases (n), mean value
(ME), its standard error (SE), standard deviation (SD) and
maximum (MAX) and minimum value (MIN). To test sig-
nificance of differences between mean values in various
groups Mann-Whitney test (for 2 groups) and Kruskal-Wal-
lis test (for more than 2 groups) were used. 

Results

The results of immunohistochemical staining for glyco-
protein CD44 in meningiomas are presented in Table 2.
Expression of CD44 was found in 7 out of 10 atypical
meningiomas, in 8 out of 21 transitional meningiomas and
in 11 out of 17 meningothelial meningiomas (Figs. 1A - 1C).

All the 13 fibroplastic meningiomas were CD44 nega-
tive.  

The localization of reaction product was seen on the cell
membranes. The extracellular matrix was immunonegative.

In the majority of meningiomas, diffusely distributed
moderate and strong membranous staining for CD44 was
observed with exception for negative expression in the fibro-
plastic meningiomas in this series (Table 2). 

Weak immunoreactivity for CD44 was not observed in
meningioma cells. The reaction intensity was stronger in the
atypical meningiomas (G2) than in the benign ones (G1).

The difference between the expression of CD44 in
atypical meningiomas (G2) and in benign subtypes (G1) was
statistically significant (p<0.001). 

Expression of CD44 in meningiomas is shown on the
Figure 2. The overlapping of extreme values of atypical and
benign meningiomas is visible except there is no overlapping
of atypical and fibroplastic meningiomas.

Diffusely distributed strong membranous staining was
seen in all atypical meningiomas. Relatively strong immu-
noreactivity with CD44 was observed in the central sites but
there was no reaction in the peripheral regions. We did not
investigate the surrounding cerebral tissue because of the
lack of such material. 

The expression of CD44 was especially prominent in
some individual cells embedded in abundant connective
tissue stroma or on cells abutting on the preserved islands of
neural tissue. In the normal arachnoids villi and brain tissue
as well as in the regions distant from the meningiomas there
was no expression of CD44.

Moreover, the reaction for CD44 was observed in some
macrophages, lymphocytes and fibroblasts of tumor stroma.
The diffuse intracytoplasmic deposits of chromogen were
also found in macrophages. 

Discussion

The present study has demonstrated the expression of
CD44 proteins in meningiomas.

CD44 is a transmembrane glycoprotein expressed on
virtually all cell types where it acts as a receptor for hyalu-

TABLE1
Sex and age and histological characteristics of the study
groups

Histological
type WHO

No Grade
Age
range

Age
mean

Sex
M / F

Atypical 
meningioma

10 G2 35 - 72 56.5 5 / 6

Meningothelial
meningioma

17 G1 33 - 76 54.7 7 / 10

Transitional
meningioma

21 G1 19 - 78 50.2 10 / 10

Fibroplastic
meningioma

13 G1 30 - 76 54.4 4 / 9

Total 61 19 - 78 54.0 26 / 32

 

TABLE 2
CD44 expression in meningiomas

Histological type
WHO

Number
of cases

CD44
expression

Number of
cases 

% of the
CD44s-

positive cells 

Atypical 
meningioma G2

10 Strong +3 3 <10%
1 <50%
4 >50%
2 >80%

Meningothelial
meningioma G1

17 Moderate +2 6 <10%
9 <50%
2 >50%

Transitional 
meningioma G1

21 Moderate +2 8 <10%
6 <50%
5 >50%
2 >80%

Fibroplastic 
meningioma G1

13 Negative 0 13 - 0%

I. Lewy-Trenda et al

34



Fig. 1A. Expression of CD44 in meningo-
thelial meningioma. Magn. 200x. Fig. 1B.
Atypical meningioma. Expression of CD44
- intense membrane staining of tumor cells.
Magn. 200x. Fig. 1C. CD44 expression in
transitional meningioma. Magn. 200x.

CD44 in meningiomas
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ronate. It is encoded by a gene occupying 60 - 80 kb located
at the chromosome 11p13 and consisting of at least 21 exons.
The CD44 molecule has three core epitopes encoded by ten
exons with alternative mRNA splicing of the remaining
exons generating multiple isoforms (CD44v). The standard
form of CD44 (CD44s) is expressed on almost all cell types
and is heavily glycosylated. Variant isoforms are expressed
in a cell- and tissue-specific manner [13, 15, 22].

Other authors have also reported varied expression of
CD44 within neoplastic tissue: in lymphoma cells [24],
prostate cancer [17], bladder cancer [23], melanocytic le-
sions [8], gastric cancer [9], rhabdomyosarcoma [11], ovari-
an neoplasms and uterine cervical tumors [20, 21].

Modified forms of CD44 were found in many types of
malignant neoplasms [8, 9, 11, 17, 20, 21, 23, 24].

Several studies have confirmed the potential importance
of CD44 as a prognostic factor for neuroblastoma [2, 6, 25,
26].

In squamous cell carcinomas, CD44s are downregu-
lated in poorly differentiated tumors, whereas these mole-
cules are uniformly expressed in the normal squamous
epithelium, in proliferative skin diseases, and in non-malig-
nant tumors [14].

In this study we have investigated immunohistochemi-
cal expression of CD44 in the most common types of G1 and
G2 meningiomas.

Our studies suggest that atypical meningiomas, mening-
othelial meningiomas and transitional meningiomas are pre-
dominantly positive for CD44. The expression of CD44 was
multifocal and diffuse. On the contrary, the fibroplastic
meningiomas are CD44-negative (<10% of positive tumor
cells). The strong expression was observed in atypical men-
ingiomas, no expression in fibroplastic meningiomas and

moderate expression in the other subtypes of benign men-
ingiomas.

In 1997 Figarella-Branger et al. reported that 44 of the
meningiomas studied expressed CD44. Strong CD44s ex-
pression characterized meningothelial and transitional men-
ingiomas and was lower in the fibroplastic one. No
correlation was found between CD44 expression and clinical
data [3].

In our series of meningiomas, we also observed that
tumors are predominantly CD44-positive. This small study
appears to indicate that the expression of CD44 correlates
with poor outcome; these results must be interpreted with
caution because of the small sample size and possible con-
fusing influence of subset analysis.

Statistically significant differences were revealed be-
tween the expression of CD44 in atypical meningiomas (G2)
and benign meningiomas (G1). The results of this study
support the thesis on the role of mutated CD44 molecule in
the invasive growth potential of neoplastic cells.

Conclusions

• The expression of CD44 in meningiomas was mem-
branous and multifocal, and diffuse with exception
for negative reaction in fibroplastic meningiomas.

• The strong expression was observed in atypical men-
ingiomas (G2), no expression in fibroplastic mening-
iomas and moderate in the other subtypes of benign
meningiomas.

• Statistically significant differences were revealed be-
tween the expression of CD44 in G2 and G1 tumors.

• The results of this study support the thesis on the role
of CD44 molecule in the invasive growth potential
of neoplastic cells.
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