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Cellular origin of meningioma*
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The term “‘meningioma’’ means tumor of the meninges without specifying the cellular origin
of the lesion. This designation has resulted in diverse opinion regarding the tumor origin especially
when it occurs at the site of great distance from the neuraxis such as in the lung and finger. Meningocyte,
fibroblast, and Schwann cell have been proposed as the origin of meningioma. Review of the related
literature as well as the author’s experience reveals the fact that meningocyte, fibroblast, and Schwann
-cell are mesenchymal type cells. Meningioma, hence, may arise from any one or a combination of
these cells as well as may arise directly from mesenchymal cells. This mesenchymal concept clarifies
the origin of meningiomas wherever they are as well as their diverse tissue components such as inclusion
of bone, cartilage, adipose tissue or even striated muscle in some meningiomas. The pluripotential
mesenchymal cells or mesenchymal type cells may differentiate into various mesenchymal tissue
components under appropriate circumstances. The concept, furthermore, helps to understand why
meningioma and nerve sheath tumors are easily confused histopathologically because of their
overlapping cellular origin.

Reprint request : Shuangshoti S, Department of Pathology, Faculty of Medicine, Chulalongkorn
University, Bangkok 10330, Thailand.
Received for publication. April 1, 1990.

*  In receipt of support from Chulalongkorn University Faculty of Medicine - China Medical Board Scholar Development
Fund (1988 - 1991).

** Department of Pathology, Faculty of Medicine, Chulalongkorn University.



a J
662 dine l¥a PNAINIINYI

3 d o a a a d [y}
a5 ¥219A. waddunuliaveuniiaglean. IWaNIGINYAT 2533 AUBIBY; 34 (9):
661-666
& . - - » < dy 4’ ¥ ] N - &V

awgann “wiledloan” mneduisvenvandaussvulszamaunan Ine isvenouvadsiu
Auiln naTiinanImARA N 9 nngRTasiun ulnveuidaveni Inaanwizagnguidanusilg lounin
r ] [} ~l’ «v ] ¥ - w s 4 U4
v Insanssyudssamdiunan (wundesuazia (s wilvlngon IWlusvatan uazivadvevyaui
> 1Y ft W ) & Y o - - - vy & v o v ~ ¥ ~
dmudwigunziramihuvadiun uinveundedlonlanniu - gideu lanunannsarsming19ey Ay
e 119 szaunmsalvasmuaudnanaretynil wuswuielagen IWlusvaiar uazivadvaswamd §au

[ 4 v & - - - v & - - < o & -~ S a
havasissinmanyupesd wivdlasnarnn lnamvasyin lnyidanieiina1aiu nianmndmilvyiatusiu
« - o ar & - dvl v v - - - 1 4’ o
wiainna A Yad Ingnsy uluud (concept) Hye i lanmmAnveuuivdlow 1ar a1 iila Ay
& 1 v v v 1 oA o & 1 J < < 1% - v v s
asrae it 1o I e fidadesamuandonl iu nszgn nszgndew wlawde 1yl niauslisina mia
verhuagluaiied loan 1 uuawsbsiuazadysanmumuntiliu Jananm ununnds lhihadadeding 2 1n
P ) v v W\"i"\lt’ o < Y P <« o 4
uTuudideae 1 1o langeiu i Tvywiwii laundelgldnyainadrendeduiavenvelaant/szam
~ @ < - Y N w @uy &g P 2 N

auennesugnaniu nisaranntu lunawnedun in malithuwszliyagaun uidmnasua1aunies




i 34 v 9
UM 2533

The term ‘‘meningioma’” was proposed by
Cushing and Eisenhardt!) to designate the tumor that
primarily arise in the meninges without specifying the
cellular origin. The meninges cover the neuraxis (central
nervous system). The latter, hence, is the usual site of
occurrence of meningiomas. Occasional meningiomas
occur outside the neuraxis by direct extension or
metastasis of primary neuraxial meningiomas. Rarely
primary meningiomas arise outside the neuraxis as ectopic
primary extraneuraxial meningiomas and raise questions
about the cellular origin of both primary neuraxial and
extraneuraxial meningiomas.

Meniningocytes are generally considered to be
the cells of origin of primary neuraxial meningiomas,
based on the similarity between the cells comprising some
meningiomas and the arachnoid cells capping the
Pacchionion granulations (arachnoid villi).(1:2) Courville
and Abbott® clearly demonstrated the transition between
the meningocytic cluster of a Pacchionion granulation and
a symptomless prefrontal meningioma found incidentally
in postmortem examination. Meningocytes are also widely
disseminated throughout the arachnoid and have been
additionally called meningothelial, arachnoid, mesothelial,
endothelial cells as well as meningoblasts.(!) Meningioma
was also previously named endothelioma.(!)

When primary extraneuraxial meningiomas are
encountered they are often considered to be associated
with meningocytic cellular rests-5) and Schwann celis.©
The theory of meningocytic cellular rests proposed that
meningocytes may be included within the peripheral nerve
sheaths where nerves pass through the foramens of the
skull or intervertebral foramens or they may be embedded
within the sac of meningoceles as a developmental error.
The occurrence of primary extraneuraxial meningiomas
around the cranium and- along the vertebral column

supports this theory. Indeed many primary extraneuraxial

meningiomas, especially the intraorbital meningiomas, are
attached to portion of the nerves that are close to the site
of their exits from the cranial and intervertebral
foramens.(3:5.7:8) A few intraspinal meningiomas,
moreover, arose from the spinal nerve roots.-19) Craig
and Gogela® demonstrated meningocytic cellular rests
within the sheath of the optic nerve.

The theory of meningocytic cellular rests,
however, fails to explain the occurrence of many primary
extraneuraxial mieningiomas unrelated to the cranial
foramens and sutures as well as to the intervertebral
foramens. These tumors were encountered as primary
intraorbital meningiomas that lay outside the cone of the
ocular muscles without connection to the optic nerve,-11)
in the brachial neural plexus,(12) deltoid region,(13)
finger,(14 lung,(% and adrenal gland.(!®) Meningocytes,
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furthermore, are not the only type of cells found in
meningiomas. Many meningiomas are composed of
fibroblasts or mixed meningocytes and fibroblasts or
combined mesenchymal cells, meningocytes, and
fibroblasts.(5-®) The alternative suggestion, therefore, was
made that meningocytic meningioma is a tumor of
meningocytes; fibroblastic meningioma arises from
fibroblasts.(17-18) Indeed meningioma has also been called
meningeal fibroblastoma.(®)

Bain and Shanika(® in their study of a cutaneous
meningioma, on the other hand, called attention to the
similarity between cells of meningocytic meningioma and
nevus cells. They suggested that Schwann cells regarded
by Masson(!? as the origin of nevus cells may
produce meningocytes because they have a common
‘‘neuroectodermal’” origin. They believed that under
appropriate circumstances Schwann cells may differentiate
into meningocytes and transform into an ectopic
meningioma.® Some meningiomas indeed contain
melanin®@? as frequently seen in dermal nevi. Intradermal
nevus with formation of psammoma bodies, furthermore,
has been documented.@D

The behavior of meningiomas, however, differs
considerably from that of any genuine neuroectodermal
neoplasm. The presence of reticulin fibers in most
meningiomas and of bone,(1.5:16.20.22) cartjlage, (1,5,20)
adipose tissue,(16:20.23) and even striated muscle(!®) in
some meningiomas indicates that they are mesenchymal
type neoplasm®.7:8) which is further supported immuno-
histochemically by positivity to vimentin in many
meningiomas.(16) It is, therefore, necessary to evaluate
the association among meningocytes, fibroblasts, Schwann
cells, and mesenchymal cells.

Shuangshoti and Netsky,?# in their study of the
histogenesis of the choroid plexus in man, suggested a
mesenchymal origin of meningocytes. They observed that
at the early stage of development the matrix (stroma) of
the choroidal primordium is entirely composed of
mesenchymal cells. At later stages, the mesenchymal cells
gradually decrease in number and are replaced by such
mesenchymal type elements as the primitive endothelial
cells that form blood vessels, fibroblasts, meningocytes,
and fibers of the connective tissue. These findings suggest
differentiation of mesenchymal cells into various described
mesenchymal type cells including meningocytes. Schwann
cells produce reticulin fibers,® a feature not seen in
neurons and neuroglia which are generally accepted as
genuine neuroectodermal type cells. The neural crest has
been considered to be the origin of Schwann cells. It is,
therefore, necessary also to determine the origin and
nature of the neural crest. Developmentally, the neural
crest is derived from the mingling of mesenchymal cells
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and developing cells of the neural folds. The neural crest,
thus, is ectomesenchymal in nature as previously
commented.?2:26) It can diffrentiate along neuroectoder-
mal and mesenchymal lines. For example, cells from the
cranial part of the neural crest migrate to the upper portion
of the face and form the cranial and some spinal sensory
ganglions, autonomic ganglions, sheath cells including
Schwann cells, pigmented cells (melanocytes), lep-
tomeninges, membrane bone of the skull, and subcutane-
ous tissue cells including fibroblasts.2”) Yntema,?®
nevertheless, demonstrated that sheath cells including
Schwann cells could develop from a source other than the
neural crest. In embryos of Amblystoma punctatum,
bilateral removal of spinal portion of the neural crest
produced deficiency of sheath cells sbout the proximal part
of the spinal nerve. The sheath cells, however, were
present distally. With advancing age, they became more
numerous and occurred also on the nerve nearer the spinal
cord.?® Yntema’s experimental findings suggest that
sheath cells can be derived from sources other than the
ectomesenchyme of the neural crest. It is reasonable to
assume that after ablation of the neural crest, the sheath
cells including Schwann cells develop from the
mesenchyme around the spinal nerve. Yntema’s findings,
moreover, indirectly suggest that even in the presence of
the neural crest, the sheath cells would originate from the
mesenchymal portion rather than from the neuroectoder-
mal part of the crest. Formation of bone, cartilage, and
adipose tissue in Schwannomas has as well been
described.@® Based on these various findings, it is
reasonable to recognize Schwann cells as mesenchymal
type cells as are fibroblasts and meningocytes.

The ‘‘mesenchyme’’ is defined as primitive
connective tissue consisting of stellate-shaped cell
embedded in gelatinous matrix in which there are reticulin
fibers.() Mesenchymal cells and their derivatives are
pluripotential; under appropriate circumstance, they may
differentiate into fibrous, osseous, chondrous, adipose,
hematopoietic, muscular, meningeal, vascular, and
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reticuloendothelial tissues.®®) Most of these tissues have
been identified in meningiomas.(1.3,16:20,22,23)

The presence of mesenchymal cells in some
meningiomas®-8) is of great interest. It is suggested that
meningiomas arise directly from mesenchymal cells as
well as from meningocytes, fibroblasts, and Schwann
cells, or from a combination of these cells. It is
appropriate to designate meningioma as a mesenchymal
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diverse morphologic features and histogenesis of
meningiomas wherever they are located. The concept,
moreover, helps to understand as to why meningioma
sometimes is easily confused with nerve sheath tumors
(neurilemmoma and neurofibroma) or even occurs in
combination with nerve sheath tumors because of the
overlapping cellular origin among them.
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