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Abstract: Objective: Recent studies of iron mechanism in
the brain have indicated that there may be a relationship
between transferrin receptor (TfR) expression and
histological malignancy. TfR expression may also reflect
cell proliferation. We investigated TfR staining intensity
in intracranial meningiomas, and assessed whether this
was related to recurrence and /or malignant proliferation.
Methods: Immunohistochemical techniques were used to
assess TfR expression in different types of intracranial
meningiomas (11=15) that had been surgically removed.
All were primary tumors. The specimens were
semiquantitatively scored- for staining intensity and
proportions of cells stained, and the relationship between
TfR immunoscore and recurrence/proliferation was
subjectively evaluated.

Results: High levels of TtR expression were observed in
all the meningioma subtypes. Three of the 15 cases
recurred, and two of these patients died due to intracranial
pathology.

Conclusion: Patients with meningiomas that have high TR
immunoscores must be carefully followed for recurrence
and/or malignant transformation.
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Ozet: Amag: Beyinde demir metabolizmas: ve
fonksiyonlar tizerinde son yillarda yapilan cahsmalarda
Transferrin reseptorleri (TfR) ile histolojik malignite
arasinda bir iliski oldugu vurgulanmistir. Bu cahsmada
postoperatif olarak tanisi konmus ve ytiksek TfR
boyanmasi gosteren meningiom olgularinda boyanma
yogunlugu dikkate alinarak, bununla rekktirens ve malign
transformasyon arasinda bir iliski olup olmadig
arastirilmistir.

Yéntem ve Bulgular: Calismada 15 primer intrakranial
meningiom olgusunda TfR boyanmasini gostermek
amaciyla immiinohistokimya teknikleri kullanilmistir.
Sonug: Tim meningiom tiplerinde TfR belirgin olarak
yiiksek diizeyde boyanma gostermistir. TfR yogun
boyanma gosteren olgulardan 3 tanesi niiks nedenivle
reopere edilmis, rekkiirens gosteren olgularin 2 si tiimore
bagh nedenlerden dolay1 kaybedilmistir. TfR seviyeleri
yiksek olan intrakranial meningiom olgularinin
rekkiirens ve malign dejenerasyon acisindan takip
edilmeleri gereklidir.

Anahtar kelimeler: Meningioma, rekkiirens, transterrin
reseptorleri

INTRODUCTION

Iron is essential for oxygen transfer in the body.
It is a cofactor for many enzyme systems that are

specific to the brain, and is vitally important for brain
cell function and viability (1,5,15,19,24,27). In recent
years, more researchers have focused on exploring
the mechanisms of iron function in the nervous
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system. Transferrin (Tf) is an 80 KDa glycoprotein in
plasma that is capable of binding iron, and functionsasa
carrier for iron to the cells via the bloodstream. Tf is
recognized as an essential growth factor in cell
proliferation, and both iron and Tf are required for DNA
synthesis and cell division. A number of studies have
demonstrated a close link between the quantity of
transferrin receptors (TfRs) on the cell surface and therate
of cell proliferation (30). TfRs are not found in all brain
regions, but large numbers are expressed in
oligodendrocytes, cerebrospinal fluid, and capillary
endothelial cells of the brain (4,13,14,15,23).

Various types of cell surface receptors, including
epidermal growth factor receptors, interleukin receptors,
and TfRs, have been identified on the surface of malignant
brain tumor cells (10). The level of TfR expression in normal
healthy brain tissue is insignificant compared to that in
neoplastic tissue (3). Recent experimental findings have
suggested that TfR expression is closely associated with
degree of histological malignancy; thus, it may be an
indicator of cell proliferation (8). In uiv  studies have
demonstrated the presence of TfR in the human melanoma
cell line, and in a cell line derived from glioblastoma
multiforme (GBM) (26).

Growing tumor cells and proliferating cells both
exhibit higher levels of TfR expression than normal resting
cells (3,8,26). Clinical studies have detected TfRs in most
types of carcinomas, sarcomas, cerebral gliomas, non-glial
tumors, meningiomas, and in Hodgkin’s and non-
Hodgkin’s lymphoma (6,7,8). Meningioma is one of the
most common brain tumors. Although most meningiomas
are benign, recurrence after complete resection isrelatively
common. Various predictors of meningioma recurrence
ormalignant proliferation have beenidentified, including
immunohistochemical markers such as Ki-67,
neuroradiological findings, and degree of tumor removal.
However, there are no detailed reports on how TfR
expression relates to tumor proliferation and prognosis
in meningioma patients. In this study, we
immunohistochemically evaluated TfR expression in
various types of intracranial meningiomas, and then
subjectively assessed for links to outcome

MATERIALS AND METHODS

Fifteen surgically removed intracranial
meningiomas were immunohistochemically studied. The
subtypes varied, and all were primary tumors. In each
case, the degree of tumor removal was scored according
to the Simpson grading system (28). Histological
classification and malignancy grading were performed
according to the system recommended by the World
Health Organization in 1993. Patients were followed for
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varying periods, and the case outcomes were categorized
as No recurrence, recurrence, or exitus.

Histopathological and TImmunohistochenical Methods

Tissue from each tumor was fixed in 10%
formaldehyde solution, and the histological diagnosis was
established from preparations stained with hematoxylin
and eosin. For immunohistochemical determination of
TIR levels, tissues were incubated in a 1:50 dilution of
TfR mouse anti-cd73 antibody (Biogenex-mu-354-uc)
in a DAKO Techmate 500-plus automated
immunohistochemistry device with a microwave
streptoimmunoperoxidase program. Staining intensities
and proportions of positively stained cells were used as
semiquantitative determinants of TfR immunoreactivity
(18). Cases were graded “0” for no staining, “1” for mild
staining, “2” for moderate staining, and “3” for intense
staining. Regarding the proportions of peroxidase-stained
cells, the cases were graded “0” if no cells were stained;
“1” if the stained cells covered less than one-third of the
processed area; “2” if the stained cells covered one- to two-
thirds of the area; and “3" if the stained cells covered two-
thirds or more of the area. For each case, these two scores
were added together to give an overall “immunostaining
score” between 0 and 6.

RESULTS

TableIlists the features and immunostaining scores
for each of the 15 intracranial meningioma cases studied.
The mean TfR immunoscore was 3.6+1.7 (mean+SD), and
the follow-up times ranged from 2 weeks to 44 months
(mean, 24.3 months).

The neoplasm recurred in three cases. In two of these
patients (Cases No. 2and No. 9), the primary and reccurent
expressed very high levels of TfR. The times from initial
surgery to first recurrence in these cases were 27 and 38
months, respectively.

As the table shows, both of these patients had very
high TfR immunoscores when they died. One individual
(Case No. 9) was a pediatric patient whose primary
tumor was histopathologically diagnosed as
meningotheliomatous meningioma. The first operation
(Simpson grade 1) was in 1996, and the TfR immunoscore
at that time was 3 (Figure 1). This patient required two
other surgeries (Simpson grade 2) in 1997 and 1999 due to
recurrence, and he died 2 months after his last operation.
The final histopathologic diagnosis was malignant
meningioma, and the TfR immunoscore for that mass
was 5 (Figure 2).

The other patient (Case No. 2) was in herniation
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Table I: Case features and transferrin receptor (TfR) immunoscores.

No | Age | Sex | TfR Location Histopathology Resection Grade| Follow-up |Outcome
(year) score (Simpson) (month) (*)
1 85 | I 3 |Convexity |Transitional 1 29 0
2 64 d 3 | Ant. fossa Meningotheliomatous 2 27 1
2r 66 d 5 | Ant. fossa Meningotheliomatous 3 0.5 2
3 56 Q 6 | Post. fossa Transitional 1 27 0
4 62 © 3 |Parasagittal |Angioblastic 1 33 0
5 48 | d 4 |Middle fossa |Fibrous 1 31 0
6 69 2 6 | Convexity Meningotheliomatous 2 25 0
7 5 | d 5 |Ant fossa |Angioblastic 1 25 0
8 62 | 9 3 |Falx Transitional 2 17 0
9 7 d 3 Convexity Meningotheliomatous 1 38 1
9r 10 d 5 |Convexity Malignant 2 2 2
10 | 8 [d 4 |Tentorial Transitional 1 10 0
11 38 |9 2 |Convexity | Angioblastic 1 26 0
12 | 57 |9 4 |Olfactory  |Fibrous 1 23 1
groove
12r | 59 | @ 2 |Olfactory Fibrous 1 26 0
groove
13 46 P 0 |Parasagittal |Transitional 1 31 0
14 51 Q 2 | Convexity Transitional 1 29 0
16 48 d 2 | Ant. fossa Fibrous 1 44 0
(*) 0: no recurrence, 1: recurrence, 2: death) (“r” indicates recurrence)
status on admission to hospital. His first operation DISCUSSION
(Simpson grade 2) took place in 1998, and the TfR
immunoscore at that time was 3. Simpson grade 3 TfR is a specific cell surface antigen that is mainly
removal of a recurrent mass was performed 27 months expressed in tumoral tissue (11,25,26,31). As mentioned
later, but the patient died 2 weeks after this operation. above, experimental studies have documented high levels
The final histopathological diagnosis was of TR expression on proliferating cells and cells that have

meningotheliomatous meningioma and, as in Case No.
9, the final TfR immunoscore was 5.

Figure 2: A specimen from the same patient obtained after
Figure 1: TfR expression in meningioma: This specimen recurrence 3 years later shows malignant
from Case No. 9 shows mild TfR staining. (X40) transformation and intense staining. (X40)
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have also yielded evidence that supports these links.
Immunohistochemical investigations have detected TfRs
on human surgical tissue from breast carcinomas,
sarcomas, pituitary adenomas, GBM, and certain other
tumor types (6,10,12,30). Recht and co-workers assessed
27 brain tumor biopsy specimens, and compared the
numbers of TfRs in normal and neoplastic tissue (26). They
found that GBM exhibited the most intense TfR staining,
and reported that approximately 60% of the meningiomas
showed less than 25% staining for TfR. A similar study
revealed no detectable TfR expression in slow-growing
brain tumors such as cerebellar astrocytomas and acoustic
neuromas (10). Some investigators have found that the
intensity of TfR staining correlates with tumor
histopathology (12,25). Inaccord with this, severalin vitro
and in vivo  studies have shown that GBM exhibits
more intense TfR staining than other brain neoplasms (11).

Our immunohistochemical analysis
demonstrated significant TfR expression in all types
of meningiomas. Although we anticipated that we
might see high levels of TfR expression in histologically
atypical and anaplastic tissues, the intense staining in
other meningioma subtypes was a surprise. As
mentioned previously, most meningiomas are benign,
but the rate of recurrence even after complete excision
is considerable. The highest rates of meningioma
recurrence are associated with incomplete tumor
removal or higher degrees of histological
aggressiveness (2,21,22). However, in all three of our
cases that recurred, the patients had undergone
Simpson grades 1 and 2 removal. Similar to what has
been observed in many malignant neoplasms, our
study results suggest that the levels of TfR expression
in meningioma are directly related to recurrence and
degree of malignancy.

Four of our patients had initial TfR immunoscores
of 2 or less, and none of these individuals developed
serious problems or tumor recurrence/malignant
transformation. Three of the 15 cases recurred, and one
of them showed malignant proliferation. Two of the
15 patients died at 2 weeks and 2 months, respectively,
after removal of tumor material that was
immunoscored as 5. Although positive TfR staining
appears to reflect prognosis in meningioma cases, it is
clearly not the only valuable indicator of recurrence
and malignant proliferation. Simpson resection grade,
peritumoral edema, tumor location, and tumor shape
are some other important prognostic indicators.
Nakasu et al. stressed the importance of radiological
features for predicting malignancy in meningioma
(21) The same study revealed a strong correlation
between peritumoral edema and higher rates of
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proliferation and recurrence in meningioma cases. We
recognize the relevance and significance of these
conventional indicators, but believe that
immunohistochemical markers should also be
considered critical for assessing meningioma
recurrence. Further, upregulation of TfR in brain
tumors provides an alternative route for delivering
anti-cancer drugs and/or toxins to the proliferating
cells. Tumor-toxin targeted therapy in brain tumors,
especially GBM and medulloblastoma, has been well
documented (9,12,16,17,20,26,29,32). In our opinion,
TfR upregulation is one of the best candidates for future
meningioma immunotherapy.

Considering our patients’ TfR findings in relation
to follow-up findings, we observed that a considerable
number individuals with higher TfR immunoscores
had poor outcomes and required re-operation.
However, due to the limited number of cases we
studied and the relatively short duration of follow-up,
we were unable to establish a statistical correlation
between score and outcome. Nevertheless, based on
these observations and results, we strongly recommend
that meningioma patients with TfR expression scores
of 3 or higher be carefully followed up for recurrence
and/or malignant transformation. To further support
and clarify our conclusion, future studies should
include larger numbers of patients.
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Prostaglandin D synthase (beta-trace) in meningeal hemangiopericytoma.
Kawashima M, Suzuki SO, Yamashima T, Fukui M, Iwaki T.
The level of prostaglandin D synthase (PGDS), a major protein constituent of cerebrospinal
fluid (CSF), is altered in various brain diseases, including meningitis. However, its role in
the brain remains unclear. PGDS is mainly synthesized in the arachnoid cells, the
choroid plexus and oligodendrocytes in the central nervous system. Among brain
tumors, meningiomas showed intense immunoreactivity to PGDS in the perinuclear
region. Thus, PGDS has been considered a specific cell marker of meningioma.
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