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Abstract

Background: Meningiomas are common primary brain neoplasms. CD44 is a cell surface glycoprotein receptor that
is involved in matrix-mediated cell signaling and cell-matrix adhesion. Matrix metalloproteinase-9 (MMP-9) plays
important role in angiogenesis and tumor invasion. The expression of CD44 protein membranous and cytoplasmic
(CD44M and CD44C) has been reported in several tumors (such as lobular carcinoma, renal cell carcinoma, sinonasal
melanoma, and lymphoma) except CNS tumors.

Methods: This study addressed the expression of CD44M and CD44C and MMP9 proteins in intracranial meningi-
omas and their relationship to overall survival. The expression patterns of CD44M&C and MMP-9 proteins were exam-
ined in 32 cases of benign meningiomas, 12 cases of atypical meningiomas, and 6 cases of anaplastic meningiomas
using immunohistochemical staining methods.

Results: There was more evidence of CD44M expression in atypical and anaplastic meningioma (p= <0.001). Inter-
estingly, Spearman correlation analyses revealed significant positive correlation between CD44M and MMP9 protein
(r=0572,p= <0.001) in spite of the negative correlation between MMP9 and CD44 score (r=—0.035 p=0.405).
There was a significant association between Ki67 protein expression and the grade of meningiomas (p <0.001) and
gender (p=0.026). There was a significant correlation between overall survival (OS) and age, gender, tumor grade,
and Ki-67.

Conclusions: Extensive CD44M expression in high-grade meningioma may reflect a tendency toward more invasive
power of meningioma cells into surrounding structures (dura, bone, and brain).CD44M/MMP-9 axis presented by this
study is open for future investigations.
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Background

Meningioma is one of the most common primary
brain neoplasms, accounting for nearly 30% of all
central nervous system tumors [1, 2]. Meningioma is
thought to originate from the arachnoid cap cells of
the leptomeninges. Meningioma is graded from I to
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Recently, brain invasion is considered a criterion for
the diagnosis of atypical meningioma [1, 2]. Mostly,
grade I meningioma is characterized by benign behav-
ior in contrast to grade II/III meningiomas that have a
poor prognosis [3, 4].

CD44 is a cell surface glycoprotein receptor that is
ligand to hyaluronan; an extracellular matrix mol-
ecule, being implicated in matrix-mediated cell sign-
aling and in cell-matrix adhesion. It is expressed in
almost all human cells. It is important for regulating
cell adhesion, migration, angiogenesis, proliferation,
and inflammation [5]. CD44 is assumed to be related
to tumor invasion and metastatic ability. It was stud-
ied on several tumor types, including meningiomas
[6]. The expression of CD44 protein (membranous and
cytoplasmic expression) has been reported in several
tumors such as infiltrating lobular carcinoma [7], renal
cell carcinoma [8], sinonasal melanoma [9], and lym-
phoma [10].

Matrix metalloproteinases (MMPs) are proteolytic
enzymes that degrade extracellular matrix components
and take part in normal physiological processes of tis-
sue remodeling. MMP-9 has been assigned an impor-
tant role during angiogenesis and tumor invasion [11].
MMP expression in meningiomas has been studied in
relation to tumor invasiveness, malignancy, or recur-
rence [12, 13].

A major issue relates to the recurrence of totally
resected (Simpson’s grade I) meningiomas and to the
identification of its predicting factors. Indeed, despite
total macroscopic resection of meningiomas, relapses
do occur; however, the reasons behind this phenom-
enon are still not fully clarified. It has been suggested
that the recurrence of totally resected (Simpson’s grade
1) meningiomas may be related to the presence of
microscopic clusters of neoplastic cells left in the dura
mater or in the arachnoid membrane [14, 15].

The expression of CD44 in meningioma patients with
intracranial meningiomas is still controversial. Few
studies demonstrated marked expression in high-grade
meningiomas [16, 17], in contrast to another which
concluded that the expression is more extensive in
benign meningioma than atypical meningioma [18, 19].
Concerning MMP-9, authors have reported on parallel
increase in MMP-9 expression in high-grade meningi-
oma compared to benign meningioma [20].

To date, there are no data detailing the pattern of
expression of CD44 (CD44 M&C) in meningiomas and
its relationship to MMP-9. To the best of our knowl-
edge, the present report is the first to investigate the
correlation between CD44 M&C expression pattern
and MMP-9 in intracranial meningiomas and their
relationship to OS.
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Materials and methods

Patients and tumor samples

This retrospective study was carried out at the Pathol-
ogy Department, Faculty of Medicine- Al-Azhar Uni-
versity (Assuit branch, Assuit, Egypt) in the period
between April 2015 and June 2020. The patients were
followed up until May 2020. The specimens included
paraffin-embedded tumor blocks representing 32 cases
of benign meningiomas, 12 cases of atypical menin-
giomas, and 6 cases of anaplastic meningiomas. The
Hematoxylin and Eosin-stained slides were initially
and independently reviewed by two neuropathologists
without prior knowledge of the clinical data. The his-
topathological diagnoses were rendered according to
the revised WHO 2016 classification criteria of CNS
tumors using standard histological criteria [2]. The
demographic and clinical data were obtained retro-
spectively from chart review files of the Neurosurgery
Departments, Assiut University and South Valley Uni-
versity. Patient confidentiality was strictly maintained
throughout this study. The patients have given writ-
ten consent at the date of surgical operation for the
use of their tissue within these studies. The study was
reviewed and approved by the Local Ethics Committee,
Assiut University.

Immunohistochemistry

Formalin-fixed paraffin-embedded (FFPE) slides from
the meningiomas tissue blocks were retrieved from the
pathology lab and included for the IHC study. The FFPE
blocks were cut into 3—4-pm thickness and then put on
positively charged glass slides. Sections were de-par-
affinized and rehydrated, followed by antigen retrieval,
which was done with Tris—EDTA in a water bath at 90 °C
for 45 min. The primary Mouse Anti-Human CD44 Std.
Clone SPM521, Dilution 1:100) (CATALOG #: E17361,
Spring bioscience, Pleasanton, California, USA).

Ki-67 primary monoclonal mouse antibody (clone
MIB-1) (Code Number: M7240, Dilution 1:50 Dako)
and mouse monoclonal antibody against human MMP9
(CloneVIIC2; Dilution 1:100, Lab Vision Corp., Free-
mont, California, USA) were applied. Each incubated for
one hour at room temperature. A universal staining kit
“Ultra Vision Detection System Anti-Polyvalent, HRP/
DAB (ready-to-use)” (catalog #TP-015-HD, LAB VISION
Corp., Fremont, CA, USA) was applied following the
manufacturer’s instructions. The sections were then
counterstained with Mayer’s Hematoxylin. The immu-
nostaining was performed using appropriate positive and
negative controls. Replacement of the primary antibody
with a blocking buffer was used to generate negative con-
trol slides.
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Evaluation of CD44, MMP9, and Ki67 expression:

A general assessment was made of the expression pat-
tern, taking into account the location, particularly for
CD44 (cytoplasm and/or cell membrane) and the amount
of positivity detected.

Staining scores for MMP-9 and CD44 were established
semi-quantitatively as described by Okada et al. [20] Spe-
cifically, the immunohistochemical score for each anti-
body was calculated by optical analysis using the sum
of the percentage of positive cells (0: none; 1: 1-30%; 2:
31-60%; 3: 61-100%) and staining intensity graded from
1 to 3 (1: weak; 2: moderate; and 3:strong). The scores
were determined by concordance among the scores of
two independent reviewers unaware of the clinicopatho-
logical data. From a statistical point of view, immuno-
histochemical scores of 4 or greater were considered to
represent high expression, and those of 3 or lower were
to indicate low expression. Evaluation of Ki-67 was per-
formed under a high-power objective (magnification
400 x), and distinct nuclear staining was recorded as
positive.

The areas with the highest number of positive tumor
nuclei (hot spots) were selected and an average of 1000
tumor cells from the areas of maximum labeling were
counted for analysis [21]. A Ki-67 value of 4% was used
as a cutoff point to determine low and high Ki-67 expres-
sion, as suggested by Perry et al. [22].

Statistical analysis

The collected data were verified, coded by the researcher,
and analyzed using the Statistical Package for Social Sci-
ences (IBM-SPSS/PC/VER 21). Descriptive statistics:
mean, standard deviation, median, range, frequencies,
and percentage were calculated. Test of significances:
Chi- square and Fisher Exact tests were used to com-
pare the difference in the distribution of frequencies
among different groups. Student t test and Mann—Whit-
ney U test were calculated to test the mean differences
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in continuous variables between groups (parametric and
non-parametric). The Kaplan—Meier method was used to
analyze survival, and the log-rank test was used to esti-
mate differences in survival. Multivariate Cox Hazard
regression analysis was calculated to investigate the sig-
nificant factors influencing OS (Hazard Ratio -HR-, 95%
confidence interval -95% CI-). Correlation analysis was
used to test the association between variables (Spear-
man’s rank correlation). A significant p value was consid-
ered when it was less than 0.05.

Results

Clinicopathological characteristics

The current study included 50 patients (9 male and 41
female patients) with intracranial meningioma of vari-
ous grades; 32 benign (GI), 12 atypical (GII), and 6 ana-
plastic (GIII). In the group of benign meningiomas; 18
were meningothelial, 8 fibroblastic, 2 psammomatous, 2
microcystic, and 2 angiomatous.

The patients’ age ranged from 17 — 67 years with a
mean age of 50.22+12.56. For statistical purposes, the
studied cases were divided into two groups; 32 benign
(GI) meningiomas, 18 atypical, and anaplastic meningi-
omas (GII/GIII).

Complete excision, including dura and bone (Simpson
grade 1), had been performed in 10/50 meningiomas
(20%). Complete excision plus apparently reliable coagu-
lation of dural attachments (Simpson grade 2) had been
gained in 36/50 cases (72%). Complete excision of the
solid tumor, but with insufficient dural coagulation or
bone excision (Simpson grade 3), had been performed
in 2/50 cases (4%). Tumor biopsy (Simpson grade 4) had
been gained in 2/50 (4%).

Four patients had died of their tumors during the
follow-up period. The median OS of these patients was
4.9 years (range 3.95-4.93) using Kaplan—Meier esti-
mates. The clinical characteristics of the patients are
listed in Table 1.

Table 1 Clinical characteristics of patients with intracranial meningiomas:

Histological type Number (%) Age (mean+£SD) Sex (No/%) Simpson grade oS

Male Female | Il 11l 1\ Alive Dead
Benign (G) 32 54.19+£955 4(12.5) 28 (87.5) 8(25.0) 22 (8.8) - 2(6.3) 32 0
Meningothelial 18 (36.0) 556749 2(222)  16(39.0) 6(60.0) 12(333) - 0.0
Fibroblastic 8(16.0) 53.25+10.38 2(22.2) 6 (14.6) 2 (20.0) 4(11.1) - 2(100.0)
Microcystic 2(4.0) 4540 0(0.0) 2(4.9) 0.0 2(5.6) - 0.0
Psammomatous 2 (4.0) 6540 0(0.0) 2 (4.9) 0.0 2 (5.6) - 0.0
Angiomatous 2(4.0) 4340 0(0.0) 2(49) 0.0 2(5.6) - 0.0
Atypical (GlI) 12 385+15.17 2(16.7)  10(833) 2(200) 8(22.2) 2(1000) 00 10 2
Anaplastic (Glll) 6 (12%) 525+£6.02 3(50.0) 3(50.0) 0(0.0) 6(16.7) 0(0.0) 0.0 4 2
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Association between immunohistochemical markers

and clinicopathological parameters

All cases of meningiomas express the CD44 (cytoplas-
mic and/or membranous), cytoplasmic MMP-9, and
nuclear Ki-67.
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CD44 expression

The mean CD44 score was 3.38+0.87 for benign (GI)
and 4.67 0.8 for atypical and anaplastic meningiomas
(GII/III). There was a significant association between
CD44 scores and different grades (I vs II/IIL; Fig. 1A—
C) of meningiomas (p= <0.001) and Simpson grade
(p=0.026). Table 2.

Fig. 1 Immunohistochemistry finding for CD44, MMP9 and Ki6

(A) and high score in brain invasive meningioma (B) and anaplastic meningioma Glll (C) (original magnification A and Bx200 Cx400). MMP9
expression in meningiomas D—F showed the highest score in anaplastic meningioma (F), (original magnification A and Bx200 Cx400). Ki67
expression in meningiomas (G-1) demonstrated high Ki-67 LI in both atypical and anaplastic meningioma (original magnification x 400)

Table 2 Summary of clinicopathological data of meningioma patients

Parameter No. CD44 MMP-9 Ki67%
Mean+SD Median (IQR) p value Mean+SD Median (IQR) pvalue Mean+SD Median (IQR) p value
Age group
«<50years 24 383+1.1 4(2) =0.935 450+16 5@3) =0.261 845+£79 6(5) =0.115
«>50years 26 385+ 1.1 4(1) 404+16 4(2) 55148 4(4)
Sex
- Female 41 380+1.1 4(2) =0.356 420415 5(3) =0402 655+62 5(5) =0.026*
- Male 9 400407 4(1) 456+19 502 860£6.1 13(11)
Grade
-Gl 32 338+£09 3(1) <0.001** 38115 4(2) <0.001** 328422 3(3) <0.001**
<G 18 467+£08 4(1) 50614 55(1) 13.89+68 14(10)
Simpson grade
.| 10 340+£14 3(1 =0.026* 380£1.9 35(2) =0527 780£6.7 3(3) =0.845
<l 36 389+1.0 4(1) 442415 5@3) 658+54 6(55)
<=1V 4 450+06 45(1) 400412 4(2) 780£52 8(7)

* significant p value < 0.05, ** significant p value < 0.01
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The expression pattern of CD44 (Cytoplasmic and/
or membranous) was evaluated in all studied menin-
giomas. Within those with benign (GI) meningiomas;
20/32 (62.5%) express the membranous pattern; however,
10/12 (83.3%) and 6/6 of atypical and anaplastic express
the membranous pattern, respectively (Fig. 2A, B). The
differences in the expression pattern between differ-
ent grades of meningiomas were statistically significant
(p=<0.001). The details of the expression pattern of
CD44 (Fig. 2C, D) are listed in Table 3.
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MMP-9 expression

The mean MMP-9 score of benign (GI) meningiomas
was 3.81+1.5, while atypical and anaplastic meningi-
omas (GII/III) were 5.06 £ 1.4. There was a significant
association between MMP-9 scores and pathological
grades of meningiomas (p<0.001; Fig. 1D-F). There
was no significant correlation between MMP-9 and
other clinicopathological variables (Table 2).

455

Fig. 2 CD44 expression pattern: A CD44 cytoplasmic expression in meningothelial meningioma (original magnification x 400).(B ) CD44
membranous expression (center of pic) in anaplastic meningioma (original magnification x 600). C CD44 expression in the whorls of meningothelial
meningioma (original magnification x 200). D CD44 expression with peripheral arrangement in atypical meningioma (original magnification x 40)

.

Table 3 The CD44 protein expression patterns in intracranial meningiomas

Types P value
Benign (n=32) Atypical (n=12) Anaplastic (n=6)
CD44c*
- 0 0.0 0 0.0 3 50.0 <0.001%*
+ 16 500 2 16.7 0 0.0
++ 4 12.5 2 16.7 3 50.0
+++ 12 375 8 66.7 0 0.0
CD44m*
— 12 375 2 16.7 0 0.0 <0.001%*
+ 14 438 8 66.7 0 0.0
++ 6 18.8 2 16.7 3 50.0
+++ 0 0.0 0 0.0 3 50.0

CD44C*, cytoplasmic expression; CD44M*, Membranous expression
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Ki-67 expression

The mean Ki-67 score within benign meningiomas (GI)
was 3.28 2.2, while that of atypical (Fig. 3) and ana-
plastic meningiomas (GII/III) were 12.08% +8%. Ki-67
expression showed a significant association with menin-
giomas grade (p <0.001; Fig. 1G-I) and gender (p =0.026)
(Table 2).

Correlation between the immunohistochemical markers:

Significant positive correlation was noted between
Ki-67 and CD44 score, Ki-67 and MMP-9, CD44 mem-
branous expression and MMP-9 (r=0.263, p=0.032),
(r=0.256 p=0.037), (r=0.572, p= <0.001), respec-
tively. Interestingly, however, there was negative cor-
relation between MMP9 and CD44 score (r=— 0.035,
p=0.405), there was positive correlation between
MMP9 and CD44 membranous expression (r=0.242,
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Table 4 The correlation among the expression values of Ki67,
CD44, and MMP9 protein expression in intracranial meningiomas

Parameter Ki67 MMP9 CD44 score
rho* (p value)

Total (n="50)

CD44 Score 0.263 (=0.032) —0.035(=0405) 1

CD44-Cytoplas- 0.036 (=0402) —0.257 (=0.036) 1

mic

CD44-Membra- 0.572(<0.001) 0.242 (=0.045) 1

nous

MMP9 0.256 (=0.037) 1 —0.035 (=0.405)

" Spearman’s ranked correlation coefficient

p=0.045). The details of Spearman’s correlation
between immunohistochemical markers are listed in
Table 4.

Fig. 3 MRl examples of different types of meningioma: a axial, b coronal and ¢ Sagittal post-contrast T1 weighted images, show large right
convexity, well defined, homogenously enhanced meningioma. Histopathology revealed transitional meningioma (WHO grade I). d Axial and e
Sagittal post-contrast TIWI: a left well defined lobulated parasagittal extra axial dural based mass (meningioma). It shows avid enhancement with
area of central degeneration and associated with moderate vasogenic edema and mass effect evident by effacement of the adjacent sulci and mild
midline shift. Histopathology revealed atypical meningioma (WHO grade II)
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Survival analyses

Overall survivals were analyzed by the expression of
each immunohistochemical marker, age, gender, tumor
grade, and Simpson grade (II-IV). On univariate analy-
sis, a significant correlation was found between OS
and age group (=50 years), gender (male), and Grade
II/III (p =0.041, p=0.012, p=0.014) respectively.

The expression of immunohistochemical markers
(CD44 and MMP9) did not correlate with OS; how-
ever, Ki-67 showed a statistically significant correla-
tion with OS (OS: HR, 1.136 95% confidence interval
(CI) 1.025-1.259, p =0.015).

On multivariate analysis, still age, GII/III and Ki-67
significantly correlated with OS (p=0.046, p =0.047,
p=0.048), respectively. Additionally, CD44 score and
CD44 cytoplasmic were associated with poor OS (OS:
HR, 1.881 95% confidence interval (CI) 1.121-4.123,
p=0.044) (OS: HR, 2.401 95% confidence interval
(CI), 1.095-5.446, p =0.046) respectively. The details
of univariate correlation and multivariate analysis are
listed in Table 5.

According to the Kaplan—Meier curve, there was
a significant correlation between median OS and age
(>50 years; p=0.031), histological grade (GII/III;
p=0.005), and nearly significant for Ki-67 (>4 cut-
off point; p=0.068). Interestingly, CD44 cytoplasmic
revealed poor OS (p =0.048); however, no association
was found between median survival and CD44 mem-
branous (Fig. 4).

Discussion

To the best of the authors’ knowledge, the expression pat-
terns of CD44, MMP-9 proteins, and Ki-67 proliferation
marker in meningiomas are poorly understood. Moreo-
ver, the correlations among these expression patterns and
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the clinicopathological features of meningiomas have
not been fully addressed by the previous studies. The
current study examined the correlation between CD44
M&C, MMP-9, and Ki-67 protein expression and the
clinicopathological variables (histopathological grades of
meningiomas, age, gender, and Simpson grade) and the
overall survival of the patients.

In agreement with other investigations, this study
revealed overexpression of CD44 protein in atypical and
anaplastic meningiomas as compared to their benign
counterparts [16, 17]. In the current study, most cases
showed both CD44 cytoplasmic and membranous pro-
tein expression patterns; however, the membranous
expression was more evident in atypical and anaplastic
meningiomas [23]. These findings concur with the pre-
vious studies that reported diffuse strong membranous
staining in atypical and high-grade meningiomas (II/III)
meningiomas [24].

Interestingly, some studies reported a decline in CD44
expression in high-grade meningiomas [18, 19]. Fre-
itag et al. [25] reported a significantly high expression
of CD44 mRNA in low-grade tumors than in high-grade
meningiomas. This discrepancy between CD44 results
in the literature may be reasoned to several possibilities.
Importantly, the heterogeneity of CD44 proteins in men-
ingiomas is secondary to its post-translational modifica-
tions and differential splicing [26]. Also, the variability in
the scoring methodologies among the different studies
explains this discrepancy.

This current study revealed on multivariate analysis
and Kaplan Meier that the CD44 cytoplasmic expres-
sion was a poor prognostic factor. In contrast, Kamamoto
et al. [17] reported the lack of correlation between CD44
and overall survival but found a correlation with PES.

Table 5 Cox Proportional Hazard Regression analysis for overall survival in patients with intracranial meningiomas

Variable Univariate Multivariate

HR (95% CI) * p value HR (95% ClI) p value
Age group (> 50 years) 1.784 (1.024-2.927) =0.041* 1143 (1.011-3.154) =0.046*
Sex (male) 4.713 (1.664-8.479) =0.012*
Grade (GlI-I1I) 5.725 (1.422-9.046) =0.014* 3.197 (1.055-6.201) =0.047*%
Ki67% 1.136 (1.025-1.259) =0.015* 1.095 (1.025-1.259) =0.048*
CD44 score 1.765 (0.723-4.306) =0212 1.881(1.121-4.123) =0.044*%
CD44 (Cytoplasmic) 1.993 (0.591-6.728) =0.266 2401 (1.095-5.446) =0.046%
CD44 (Membranous) 1.758 (0.612-5.051) =0.2% 1.212(0.702-7.811) =0425
MMP9 1471 (0.661-3.272) =0344
Simpson Grade -V 1.209 (0.488-5.085) =0495

HR hazard ratio, C/ confidence interval
* significant p value < 0.05
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Fig. 4 Kaplan—-Meier survival curves for the effect each factor on overall survival: A Age, B Grade, C Ki67%, D CD44 Score, E CD44-C and F CD44-M.

This discrepancy may be reasoned to the use of different
staining methodologies or study groups.

CD44 is a transmembrane protein, so the delocaliza-
tion of CD44 to the cytoplasm may cause alterations in
the cell-cell and cell-extracellular matrix interactions.
Accordingly, cytoplasmic staining in this series may
reflect the production of aberrant CD44 proteins by the
malignant cells [9]. Taken as a whole, this current study
and the previous investigations indicate some differences
in biological function and timing of expression of the
membranous and cytoplasmic of CD44, according to the
degree of invasion, i.e., stage-dependent manner).

Interestingly, the grading of meningiomas depends
mainly on the invasion of adjacent structures (brain).
Taken together, extensive CD44 membranous expres-
sion in high-grade meningioma may reflect a tendency
toward more invasive power of neoplastic cells into sur-
rounding structures (dura, bone, and brain). These find-
ings strengthen the putative role of membranous CD44
protein in the cellular progression of meningiomas.

The pathogenetic roles of CD44 in the development of
atypical and high-grade meningiomas may be reasoned
to increased motility of the malignant cells and altera-
tions in the cell adhesion [17, 27]. Several experimen-
tal leads support these notions. For instance, the loss of
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the membranous CD44 protein expression in sinonasal
melanomas is associated with increased motility of the
melanoma cells resulting from the loss of cellular adhe-
sion [28]. Additionally, the cell adhesion by CD44 is pre-
dominantly mediated through the extracellular domain,
while co-localization of the cytoplasmic domain of CD44
with cytoskeletal proteins, particularly actin, stabilizes
the interactions with the substrate. Moreover, the over-
expression of membranous CD44 protein in the invasive
lobular carcinoma was significantly more often observed
in lymph node-negative patients than in patients with
lymph node metastases [7].

The overexpression of MMP-9 protein in the atypical
and high-grade meningiomas in the current study is in
agreement with the previous investigations [29]. MMP-9
protein belongs to a family of gelatinases that degrades
the extracellular matrix and the basal lamina compo-
nents such as collagen IV, fibronectin, and laminin [30].
Interestingly, some studies [29] showed a significant cor-
relation between high MMP-9 expression and high his-
tological grade in tumors. Also, an association between
the MMP-9 mRNA level and the degree of brain invasion
has been reported [31]. When the impact of MMP-9 on
survival was examined, we did not find any correlation
between them. This finding is reasoned to the paucity of
the absence of recurrence in the patients included in the
study. To the best of our knowledge, only Barresi et al.
[12] and Okada et al. [20] reported high MMP-9 expres-
sion as a prognostic independent variable on multivariate
analysis.

To the best of the authors’ knowledge, the correlation
between CD44 and MMP-9 proteins in meningiomas has
not been addressed by the previous studies. Here, this
study reports a positive correlation between MMP-9 pro-
tein and membranous CD44 protein expression.

Alternatively, a negative correlation with CD44 pro-
tein expression (the expression score and the cytoplas-
mic staining pattern) was detected. Our results are in
accordance with findings in other tumors such as malig-
nant melanoma [32], prostatic carcinoma [33], and
mammary carcinoma [34]. Gupta et al. [35] reported
that cell surface interaction of CD44 and MMP-9 pro-
teins increases the migration and the invasion of PC3
cells. In contrast, Lee et al. [8] demonstrated a correla-
tion between CD44 and MMP-9 proteins in clear RCC,
who did not find this correlation in non-clear renal cell
carcinoma. The discrepancy among the different studies
concerning the relationship between CD44 and MMP-9
protein expression may be explained in the light of
findings reported by Desai et al. [36]. Desai and his col-
leagues indicated a decrease in the surface expression
of CD44 in the prostate cancer cell (PC3) knock-down
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of MMP-9 and a decrease in the activation of MMP-9
in cells null for CD44 [36].

In addition, downregulation of MMP-9 protein
expression in PC3 cells switches CD44 isoform expres-
sion from CD44s to CD44v6 which is more glycosylated
[35].

Taken together, the correlation of MMP-9 and CD44
protein expression depends mainly on the pattern of
membranous expression more than on the cellular level
of CD44 protein, whether CD44 is linked with MMP-9
proteins at the surface of the cell in intracranial menin-
giomas. CD44M/MMP-9 axis in atypical and anaplastic
meningiomas may be at the basis of the higher invasive
potential toward the brain parenchyma and bone of
these neoplasias [32, 35, 36].

The results of the current study are in line with the
previous investigations that demonstrated the correla-
tion between meningioma grade and the Ki-67 labeling
indices [37]. Moreover, Ki-67 labeling indices were the
most important independent prognostic parameters in
high-grade meningiomas [38]. In agreement with other
studies, this study revealed a significant positive cor-
relation among the indices of the proliferative marker
Ki-67 and CD44 [16, 19] and MMP-9 proteins expres-
sion values [39] protein expression. In contrast, Barresi
et al. [12] and Okada et al. [20] did not find any corre-
lations between Ki-67 and MMP-9 protein expression.
This discrepancy probably reflects the small sample size
of the study groups (only three cases of atypical menin-
gioma) and the use of different cutoff points for scoring
the Ki-67 labeling index [12, 20].

Conclusions

Our work demonstrated statistically significant high
expression of CD44, MMP-9, and Ki-67 scores in high-
grade meningiomas. Our findings illustrated, for the
first time, a positive correlation between CD44M and
MMP-9 protein expression in meningiomas. It also
revealed that the CD44 cytoplasmic is a poor prog-
nostic factor (p<0.001). Accordingly, CD44M/MMP-9
protein axis is a promising biomarker for meningiomas
prognosis prediction and therapeutic implications.
Expression of CD44 membranous and cytoplasmic
require quantitative and qualitative assessment and
their relationship to MMP-9, OS, and PEFS in large-scale
studies to further validate our results in the future.
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