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Abstract. Eleven pineal parenchymal tumors were studied
using various antibodies specific to the central nervous sys-
tem and cell-proliferation-related antigen MIB-1 in order to
examine the divergent types of cell differentiation and also
evaluate prognosis. Electron microscopy was also per-
formed. All tumors were immunohistochemically positive to
chromogranin A and oB crystallin, and were also highly pos-
itive to retinal S protein. Pineocytoma cells contained micro-
tubules, intermediate filaments, glial bundles, clear-centered
vesicles and synaptic apparati. Pineoblastoma cells also had
microtubules and neurofilaments, but glial filaments and def-
inite synapses were not identifiable. Pineal parenchymal tu-
mors were considered to be of pinealocyte origin, and there
was a continuous spectrum of divergent cell differentiation
between pineocytoma and pineoblastoma cells. The MIB-1
labeling index correlated well with histological malignancy,
neuronal differentiation evaluated immunohistochemically
by both neurofilament protein and synaptophysin, and cases
with seeding potentials. Although histopathological features
of neuronal development were, until recently, seen as the
hallmark of benign prognosis in pineal parenchymal tumors,
they are now thought to be only one of the pieces of evidence
that may be used for purposes of prognosis.
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Introduction

Neoplasms that originate from the pineal parenchyma are ex-
tremely uncommon, and many clinical, biological and histo-
logical features of these tumors remain elusive because of the
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small number of reported cases and the high degree of patho-
logical variability. In the past, histological features were the
cornerstone of tumor diagnosis: neuronal differentiation in
this tumor group has been reported to be benign (Rubinstein
1980) but, according to recent studies, this has not been uni-
versally accepted (Schild et al. 1993). As the enclosure of the
skull provides a limited space for intracranial expansion,
clinical manifestations of an intracranial malignancy depend
largely on the rate of tumor growth. Thus, the prognosis
should correlate with the size and proliferative potential of
the tumor. Anti-Ki-67 clone MIB-1 has been studied on mi-
crowave-processed formalin-fixed paraffin sections, and its
utility has been discussed (Shibuya et al. 1993), MIB-1 indi-
ces were used to evaluate prognosis.

We describe here a series of 11 pineal parenchymal tu-
mors that were studied by immunohistochemistry and elec-
tron microscopy in order to examine the divergent types of
cell differentiation and their relationship with prognosis. The
possible tumor origins are also discussed.

Materials and methods

Preparation of specimens. Five histologically confirmed pineocytomas
(PC), four pineoblastomas (PB) and two mixed PC/PB were studied by
immunohistochemistry and electron microscopy. The series included 8
male and 3 female patients with an age range of 15-60 years (inean 41
years). Gross total excision was performed except in 1 case, which had
shown multiple tumor lesions along the cerebral spinal fluid (CSF) pas-
sage prior to initial excision. Clinical follow-up evaluations were per-
formed on 8§ patients.

Histochemical analysis. Light-microscopic histopathological examina-
tions were carried out on 10%-formalin-fixed, paraffin-embedded sec-
tions, which were stained with standard hematoxylin and esoin. Addi-
tional special stains included Bodian’s silver impregnation, reticulin
silver impregnation, phosphotungstic acid/hematoxylin and Fontana-
Masson impregnation for melanin. Immunohistochemical studies were
carried out with antibodies against neurofilament protein (NFP; 70 kDa,
160 kDa and 210 kDa), synaptophysin, chromogranin A, glial fibrillary
acidic protein (GFAP) and myelin basic protein supplied by DAKO
(Carpinteria, Calif., USA), and anti-Ki-67 clone MIB-1 (MIB-1;
Immunotech, Marseille, France). Antibodies against oB crystallin and
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retinal S protein were also used, supplied through the courtesy of Dr. K.
Kato, Institute for Developmental Research (Aichi, Japan), and Dr. A.
Mizuno, Jikei University School of Medicine (Tokyo, Japan). Each anti-
serum was raised in rabbits against highly purified bovine lense 0B anti-
gen, and against bovine S antigen (Kato et al. 1991; Wacker et al. 1977).
Sections were immunostained using the avidin-biotin complex method.
Immunohistochemical methods for MIB-1 using microwave pretreat-
ment were performed by the methods described by Shibuya et al. (1993).
Conventional electron-microscopic examinations were performed on
eight specimens fixed in 2.5% glutaraldehyde, post-fixed in 1% osminm
tetroxide, dehydrated in graded solutions of ethanol and embedded in
epoxy resin.

Evaluation of immunohistochemistry. The MIB-1 labeling index was
calculated from each slide as the percentage of positive nuclei in tumor
cells. Between 10 and 15 areas of each tumor were randomly selected for
determination, corresponding to a total number of neoplastic cells rang-

ing from 1000 to 1500. All vascular components and hematogenous
cells were excluded. The mean labeling indices obtained were compared
with the unpaired Student’s r-test to determine statistical significance.

Results
Pathological findings
Light microscopy

The overall organization of PC was lobular, and delineated
by delicate interstitial tissue which included thin-walled cap-
illaries and reticulin fibrils (Fig. 1). Scattered calcified de-
posits were also frequently seen. These features closely re-

Fig. 1. Light-microscopic study of a pineo-
cytoma. The tumor cells are divided into
lobular compartments by delicate intersti-
tial tissue containing blood capillaries

(H & E stain, x80)

Fig. 2. Light-microscopic study of a pineo-
cytoma. Tumor cells form large clear
“pineocytomatous rosettes” (H & E stain,
x480)



T4 1 kel LA =, IS Ted BT
ST a a4 Ty NS : e
I RO M Yl
Iy ',{l" .‘)’f(..‘ o . - ." '“é" L 4 "a' .:‘ ‘: -3
% e ‘\‘_ t‘ﬁ._\:"b“‘*"‘; K. 2 ’9&-“".*@‘0;‘3. S
s d S SN 08 e 9o
P A ‘...‘ & 4;.% e f.. > 8 )
e old 't ] k x o;‘\‘..".ﬁ a0e ..
f_? -:g‘ -‘-%- &wegﬁgif;?‘a .1‘,;:“ e 580%,
Sk &
- 2 & es v '{m
- o e D, Sk s
= 9%"2%:‘(2‘4 w* 2 !"“:"e“.‘".b 8000
NG a8 VR T IO e S R S0
Noa® NG CeX"AN REAL Y S » 35 A iy £ 2
e 'ﬁ""‘"‘g’n‘i‘ Tt A PPN L S
". A < :i.s‘h,i‘}q}?"-;"?g"“’:}"\?"?i
sy “’. iga e - A - L)
l{_ﬁ N\”,’Q 9'3‘°%:/‘1%“ Ip-.v'-h ‘I‘:&‘v‘ 3
ot R, 8. SN, A\ T
P e L R
RO A RS ST A e
P'-..“,"...fﬁ"‘?‘g-, AR o B
S I AN L SO R T APt R
AR 2 Sy PN STE 7 S o S

e s -
LY Py N FSC AL VAN TR I
B s % optt WEEEE, S TS
e Te T D IRANY G B v e s
Py ?usaSel) oS 8P o
ra rd 'L;-‘;‘l"i ’Q;‘;"ﬁl’.’. 274618 ‘q_%r.

sembled those of normal pineal glands. Several rosette for-
mations were also noted, the most common being pineo-
cytomatous rosettes comprised of tumor cells clustered
around large acellular areas (Fig. 2). Perivascular rosettes
known as fleurettes and microcyst-like tubular formations
were also seen. PC was characterized by cytologically be-
nign mature cells, with easily distinguishable cell margins
and tumor cells of various sizes, often including mononucle-
ated and multinucleated giant cells. There was no vascular
endothelial cell proliferation and mitotic figures were rarely
observed. The nuclei were slightly hyperchromatic, round or
elongated, and contained coarse chromatin nodes. Nucleoli
were not evident in smal tumor cells, but were more apparent
in large tumor cells.

PB were highly cellular and richly vascularized in com-
parison to PC, and frequently displayed associated focal
hemorrhage and necrosis. The tumor cells were distributed in
patternless sheets (Fig. 3), although 1 PB had an incomplete
lobular arrangement. Poorly developed Homer-Wright, peri-
vascular, and Flexner-Wintersteiner rosettes were found in 2
tumors. Tumor cells were generally uniformly small in size
with scanty and ill-defined cytoplasm. The nuclei were small
and irregular, frequently convoluted and hyperchromatic,
with a thickened nuclear membrane. In addition, a large
number of mitotic figures were noted.

Significant histological variability was noted between tu-
mors, such that transitional features of both tumor types were
often seen. The two tumor types were therefore not always
clearly distinguishable. Mixed PC/PB had histological fea-
tures of both tumor types: the basic lobular pattern and
pineocytomatous rosettes, with areas of high cellularity.

Special stains and immunohistochemistry
Fine argyrophilic fibers and club-shaped structures were re-

vealed by Bodian staining, usually in pineocytomatous ro-
settes directed towards the center (Fig. 4A). NFP immuno-
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Fig. 3. Light-microscopic study of a pineo-
blastoma. Small and irregular palisading tu-
mor cells form Homer-Wright rosettes. Mi-
totic figures are also evident (H & E stain,
x230)
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staining also demonstrated fine neuronal fibrils with en-
larged termini within the centers of these pineocytomatous
rosettes (Fig. 4B). The tumor cell cytoplasm was also stained

Fig. 4A,B. Light-microscopic and immunohistochemical study of a
pineocytoma. A Club-like expansions can be seen directed towards the
center of a pineocytomatous rosette (Bodian stain, x640). B Neurofila-
ment-protein (NFP)-positive fibrils and an enlarged ending in a pineo-
cytomatous rosette (NFP immunostaining, x450)
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in 1 PC, 2 PB, and 2 mixed PC/PB. Synaptophysin was dem-
onstrated in 3 PC, 2 PB, and 2 mixed PC/PB, usually located
on the cell membrane. Accumulation of synaptophysin in-
side the pineocytomatous rosettes was also found in 2 tumors
(Fig. 5A). Retinal-S-protein-positive cells were located in all
cases except for 1 PB (Fig. 5B). oB Crystallin and chromo-
granin A were positive in all pineal parenchymal tumors, «B
crystallin being found particularly in large tumor cells with
conspicuous nucleoli (Fig. 5C, D). Many pineal parenchy-
mal tumors contained phosphotungstic-acid/hematoxylin-
positive neuroglial fibrils, which also shared immunoreactiv-
ity with GFAP (Fig. 5E). Melanin granules were located in 2
PC, 1 PB, and 1 mixed PC/PB by Fontana-Masson staining,
and these were confirmed by bleaching studies.

Immunohistochemical characteristics are summarized in
Table 1, which also lists semiquantitative evaluations of
immunoreactivity. Immunoreactivity for myelin basic pro-
tein was negative in all the tumors studied.

Fig. SA-E. Immunohistochemical studies
of pineocytomas. A Synaptophysin is stai-
ned in the tumor cell membrane and in the
center of a pineocytomatous rosette
(synaptophysin immunostaining, x430).

B Retinal-S-protein-positive cells (retinal S
protein immunostaining, x660). C An o.B-
crystallin-positive cell (aB-crystaltin
immunostaining, X620). D Chromogranin-
A-positive cells (chromogranin A immuno-
staining, x460). E A glial-fibrillary-acidic-
protein (GFAP) positive cell producing
neuroglial fibrils (GFAP immunostaining,
x540)

Electron microscopy

Rosette formations were demonstrated in all PC studied, in
which cell processes were elongated and directed towards
the center (Fig. 6A). Each tumor was characterized by vari-
ous degrees of neuronal differentiation, along with variable
cytoplasmic differentiation in each individual cell. The PC
perikaryons contained numerous mitochondria and Golgi
complexes, while the processes were filled with microtu-
bules and intermediate filaments. Desmosomes and synaptic
structures (Fig. 6B) as well as processes containing clear-
centered vesicles and glial bundles (Fig. 6C) were evident,
consistent with the immunohistochemical data.

PB tumor cells were smaller and more homogeneous, and
had scanty cytoplasm compared with PC cells, although nu-
merous cell processes were also observed. The rosettes in PB
tended to be smaller than those in PC, where a small number
of tumor cells were arranged radially around a central lumen

Table 1. Immunohistochemical staining of

pineal parenchymal tumors Diagnosis Patient age NFP SY RSP oB- ) Chromo-A GFAP MBP
(years)/sex Crystallin
PC 32/M + + + + + + -
PC 45/F - + + + + + =
pPC 60/M - + + + - -
. . pC 37M - + + + + - -
PC, pineocytoma; PB, pineoblastoma; PC 53/M _ _ 2 + + NS -
PC/PB, mixed pineocytoma/pineoblas- PC/PB 40/M " " + + + + —
toma; NFP, neurofilament protein; SY, PC/PB S1/M " + 4 + + + NS
synaptophysin; RSP, retinal S protein; PB 34/M 4 _ + + +* + -
Chromo-A, chromogranin A; GFAP, glial- PB 36/F _ T _ + +* _ _
fibrillary-acidic protein; MBP, myelin PB 15/M + + 4t + + T NS
basic protein; NS, not studied; —, negative; PB 45/M _ NS NS NS NS = NS

+7, few positive; +, positive




Fig. 6A-C. Electron-microscopic study of pineocytomas. A A small ro-
sette found in a pineocytoma (bar=1um). B Synaptic apparatus
(bar=1500 nm). C Clear-centered vesicles and glial filament bundles
(bar=200 nm)

Fig. 7A, B. Electron-microscopic study of pineoblastomas. A Tumor
cells are arranged around a central lumen, with the processes pointing
towards the center (bar=1 pm). B A desmosome is evident between two
tumor cells (bar =300 nm)
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(Fig. 7A). The nuclei were elongated and polygonal, and
chromatin was distributed in large irregular clusters and peri-
nucleonemal structures. The nucleoli were generally con-
spicuous. Some cells contained microtubules and neurofila-
ments, but no glial filaments were found despite GFAP
positivity in 2 PB. Unlike PC, no definite synapses were vis-
ible in PB, although desmosomes were present (Fig. 7B).
Mitotic figures were also seen in these electron-microscopic
studies.

Survival analysis

Eight of the cases were male (73%), in which a male domi-
nance was recognized. The length of follow-up was calculat-
ed from the date of initial surgical treatment and ranged from
6 to 63 months (median 19 months). One patient, histologi-
cally diagnosed as having a mixed PC/PB, had died 6 months
after primary excision of the tumor through local recurrence
and leptomeningeal seeding. Another PB case, which had
multiple tumor lesions along the CSF passage at the time of
initial surgery, showed a decrease in size of the multiple tu-
mor lesions after radiation. No other cases showed recur-
rence or leptomengineal seeding during the follow-up peri-
od.

Correlation with light-microscopic features and MIB-1
labeling indices is presented in Table 2. Comparison of the
mean MIB-1 labeling indices showed a statistically signifi-
cant difference between PC and PB (P<0.05), and between
cases with leptomeningeal seeding and those without
(p<0.05). The mean MIB-1 labeling index of cases with
pineocytomatous rosettes was 1.33+1.61% compared with
5.87+4.26% in cases without rosettes, in which there was no
statistical significance. The immunohistochemical results of
neither NFP nor synaptophysin revealed any statistical sig-
nificance in MIB-1 indices when compared independently.
However, the mean labeling index of neuronal differentation
evaluated by both NFP and synaptophysin showed a statisti-

Table 2. Light-microscopic features and MIB-1 labeling index

Histological features MIB-1 labeling t-test
index (%)
Pineocytoma 0.27+0.08
Pincoblastoma 6.49£2.02 } P<0.05
Mixed pineocytoma/pineoblastoma 3.53+3.21
Pineal parenchymal tumors
With leptomeningeal seeding 8.67£1.95 P<0.05
Without leptomeningeal seeding 1.52+0.86 '
Immunohistochemistry
NFP* 1.57+1.58
NFP- 4.17+4.02 } NC
SYN* 2.49+].81
SYN- 5.08+4.26 } NE
NFP* and SYN* 0.62+0.58
NFP- and SYN- 4.49+1.82 } p<0.01

Mean MIB-1 labeling indices were compared with the unpaired Stu-
dent’s #-test
NFP, neurofilament protein; SYN, synaptophysin; NC, no correlation
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cally significant difference (P<0.01). Other markers did not
correlate with the MIB-1 labeling index.

Discussion

According to the Japanese Brain Tumor Registry, the inci-
dence of PC is 0.1% of all primary intracranial tumors, and
that of PB is 0.2% (Committee of the Brain Tumor Registry
of Japan 1990). Each individual tumor demonstrated exten-
sive histological variability, sometimes possessing features
characteristic of both PC and PB. Many transitional cases
have been reported (Numoto et al. 1992a), prompting the ad-
dition of the new category of mixed PC/PB to the revised
WHO histological classification of primary brain tumors
(Keihues et al. 1993). Pineal parenchymal tumors created a
continuous histopathology spectrum; the more primitive PB
tumors, the more differentiated PC tumors, and the interme-
diate mixed PC/PB tumors. Pineal parenchymal tumors had
differentiating capabilities that were apparently determined
by the pineal parenchyma from which they originate. Of the
two main neuroepithelial cell types, the pinealocytes were
considered to be responsible for neoplastic transformation in
pineal parenchymal tumors. For example, pineal parenchy-
mal tumors were characterized by compartmentalization into
lobular structures by means of fibrovascular tissue, thus re-
sembling normal pineal bodies. The presence of lobulated
structures, pineocytomatous rosettes, and argyrophilic club-
shaped expansions also suggested that these tumors arose
from pineal glands (Herrick and Rubinstein 1979).

The histological structure of normal pineal bodies com-
prises two main neuroepithelial cell types; pinealocytes, and
astrocytes. The mononucleated and multinucleated giant
cells found in pineal parenchymal tumors were identical to
those found in normal pineal glands. These are thought to oc-
cur only rarely in other neuroectodermal tumors, which are a
reactive feature following radiation treatment. However,
since none of the patients in the current series had undergone
any other treatment prior to tumor resection, the appearance
of these giant cells could not be ascribed to radiation therapy.
These cells were thought to originate from pinealocytes, con-
firming probable pineal parenchymal tumor origin (Borit
et al. 1980).

Large amounts of melanin are found in fetal epithelial pi-
neal cells, which decrease during postnatal development ex-
cept in the pineal parenchymatl cells, which are known as pi-
nealocytes in adults (Tapp and Huxley 1972). The function
of pineal melanin and the reason for its transient appearance
is unknown. Melanin pigment is found in pineal parenchy-
mal tumors and a wide range of neuroepithelial tumors
(Dooling et al. 1977). This phenomenon of melanin produc-
tion is consistent with pinealocyte tumor origin and the capa-
bility for neuroectodermal differentiation. Further studies of
these melanin-containing pineal parenchymal tumors may
provide information regarding pineal transformation and
function of the pineal body.

Herrick and Rubinstein (1979) have previously classified
PC into those with neuronal differentiation, those with as-
trocytic differentiation, and those with potential for both neu-
ronal and astrocytic differentiation. Okuda et al. (1988) have
reported a PB with neuronal differentiation that was not pre-

viously classified. However, Herrick and Rubinstein origi-
nally defined neuronal differentation by silver impregnation,
unlike the immunohistochemical methods used by Okuda
and his colleagues. Schild et al. (1993) have reported that on-
ly electron microscopy has diagnostic value. In the present
study, all pineal parenchymal tumors expressed divergent
types of differentiation, which were confirmed by both
immunohistochemical and ultrastructural studies. Immuno-
histochemically, NFP existed inside the pineocytomatous ro-
settes and also in the tumor cell cytoplasm. In addition, the
presence of synaptophysin, a 38-kDa glycoprotein originally
isolated from the presynaptic vesicles of bovine neurons,
suggests that these tumors possess the potential for neuronal
differentiation (Wiedenmann and Franke 1985). Chromogra-
nin A is a glycoprotein stored in the secretory granules of
neuroendocrine cells. Previous studies have revealed that ex-
pression of chromogranin A in the central nervous system of
human embryos occurs earlier than the expression of neuron-
specific enolase, synaptophysin or NFP (Kleinert 1991).
Chromogranin A was present in all the pineal parenchymal
specimens in this study, indicative of an earlier level of neu-
ronal differentiation than signified by the presence of NFP or
synaptophysin. oB-Crystallin is a small heat-shock protein
found in the eye lens (Klementz et al. 1991), which was lo-
cated in all specimens characteristically in the large neuron-
like tumor cells. Retinal S protein, which is related to photo-
receptors (Perentes et al. 1986), is also reported to be rarely
present in medulloblastomas and retinoblastomas (Kramm et
al. 1991). In the present study, retinal S protein was positive
in cases positive for both chromogranin A and aB-Crystal-
lin. The relationship between these antigens and their pres-
ence in neuroectodermal tumors remains to be determined,
nevertheless neuronal differentiation with some progression
towards neurosensory photoreceptors was surmised. Be-
cause of the high positivity of these markers, they were also
thought to be helpful in the diagnosis of pineal parenchymal
tumors.

The other neuroepithelial component, astrocytes are
known to be GFAP-positive, fibrillary and reactive, to in-
crease with age and to play a role in gliosis (Papasozomenos
1983). It is possible that these pineal astrocytes represent
precursors of astrocytic tumors that can also arise in this re-
gion. Tumors with interstitial-tissue-positive cells were ex-
cluded, since these were considered to be reactive astrocytes
rather than neoplastic. Despite significant differences in
GFAP immunoreactivity, 6 tumors demonstrated neoplastic
glial differentiation. One tumor contained clusters of GFAP-
positive tumor cells, and the others contained positive cells
scattered throughout the tumor. Glial differentiation was
consistent with pinealocyte tumor origin, since tumor cells
could be expected to possess the characteristics of both of the
neuroepithelial cell types that construct the pineal gland.

Electron-microscopic studies demonstrated discrepancies
in the content of intracellular organs between individual tu-
mor cells. For example, some cells seemed more primitive
while others appeared more differentiated, demonstrating
various levels of intratumoral cell differentiation. The results
correlated well with those obtained by immunohistochemis-
try, revealing neurofilaments, glial filament bundles, syn-
apses, and clear-centered vesicles. Although neurosensory
photoreceptor differentiation was suggested by retinal S pro-



tein immunoreactivity, microtubular tonofilaments with a
9+0 configuration, suggestive of photoreceptor differentia-
tion (Kline et al. 1979), were not observed in our series.

In the past, the relationship between histological features
and prognosis has been studied. Tumors with pineocytoma-
tous rosettes or neuronal differentation have been considered
as “benign hallmarks”, and reported to be benign or to be as-
sociated with a long recurrence-free period (Borit et al. 1980,
Rubinstein 1980; Schild et al, 1993). Therefore, immunohis-
tochemical and electron-microscopic studies of cell differen-
tiation in these tumors are considered important for the eval-
uation of future prognosis. However, pineal parenchymal
tumors with these benign hallmarks sometimes have a fatal
prognosis (McGrogan et al 1992; Numoto et al. 1992b), and
some factor that could not be evaluated by standard histo-
pathological techniques was thought to have affected prog-
nosis.

The estimation of the proliferative potential of human
brain tumors is very important when predicting the prognosis
of patients, as the enclosure of the skull provides a limited
space for intracranial expansion. In the present series, a non-
invasive method using a monoclonal antibody applicable to
paraffin-embedded specimens was considered. Therc are
many reports on profilerating cell nuclear antigen (PCNA)
studied in brain tumors, although recent reports are doubtful
about its specifity, since PCNA is also known to react with
GO cells (Figge et al. 1992). Therefore, in this study we have
used MIB-1, which is also applicable to formalin-fixed par-
affin sections. It reacts with the Ki-67 nuclear antigen, which
is associated with cell proliferation, increases during the S
phase, reaches a maximum during the G2/M phases, and is
absent in the resting GO cells (Cattoretti et al. 1992; Land-
berg et al. 1990). The MIB-1 labeling index was significant-
ly higher in PB compared with PC, and also in tumors with
clinical manifestations of seeding potential compared with
those that did not show seeding. MIB-1 was especially
thought to be useful for pineal parenchymal tumors, which
demonstrated a continuous histopathological spectrum be-
tween PC and PB. MIB-1 labeling indices were studied in
cases with the benign hallmarks of pineocytomatous rosettes,
and also neuronal differentiation. The extensive markers
used in this study were also considered. The labeling indices
tended to be lower in cases with pineocytomatous rosettes;
however, this was not statistically significant. In the past,
neuronal differentiation was defined by silver impregnation,
or immunohistochemical demonstration of NFP or
synaptophysin. However, there is no study of their relation-
ship with prognosis. MIB-1 labeling indices of NFP- or
synaptophysin-positive cases tended to be lower, but this was
not statistically significant, whereas neuronal differentiation
defined by both NFP and synaptophysin inversely correlated
well with proliferation indices. Therefore, neuronal differ-
entiation should be evaluated by both NFP and synaptophy-
sin. MIB-1 labeling is easily applicable to archival histologi-
cal material, useful in assessment of cell kinetics, and could
be used as an additional prognostic factor.

PB and mixed PC/PB are known to easily disseminate
through the CSF passage, which differs from the biological
behavior of PC (Schild et al. 1993). Studies on the expres-
sion of adhesion molecules and their relationship with metas-
tasis have been carried out on other neuroectodermal tumors

689

(Figarella-Branger et al. 1990). Studies on pineal parenchy-
mal tumors may be useful in the assessment of future dissem-
ination and prognosis. Further investigations of the biologi-
cal behavior of pineal parenchymal tumors are necessary to
assess the utility of these prognostic parameters.
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