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Abstract Marked perivascular clustering (PC), i.e.,
groups and rows of small round cells along white
matter vessels, is seen in temporal lobe epilepsy (TLE)
specimens obtained by surgery. This study focuses on
the constituting cell types and discusses clinical signif-
icance and pathogenesis of PC, which are so far un-
known. Based on a series of 59 nonlesional TLE
surgical specimens, we characterized PC by immuno-
histochemistry and correlated the amount of PC with
clinical parameters. PC cells were variably positive for
galactocerebroside, myelin basic protein and S-100
protein, while glial fibrillary acidic protein, vimentin,
nestin and neuronal antigens were not expressed. There
was no correlation between the amount of PC and any
clinical feature, including age at surgery, age at epi-
lepsy onset, duration of epilepsy, preoperative seizure
frequency, childhood febrile convulsions, family history
of epilepsy, and postsurgical outcome. Our findings
suggest oligodendroglial differentiation of PC, while its
primary (dysplastic) versus secondary (reactive) path-
ogenesis remains unresolved.
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Introduction

Perivascular clustering (PC) refers to groups and rows of
small round cells arranged along white matter vessels.
Synonymous terms are “‘rows of perivascular glia” [5],
“perivascular glial clustering” [3], ““perivascular satelli-
tosis” [3, 30] and “‘perivascular glial hyperplasia™ [§].
Marked PC has been observed in temporal lobe speci-
mens obtained at surgery for epilepsy [13], and is clas-
sified as microdysgenesis by most authors [3, 4, 5, 30].
This study investigates the constituting cell types by
immunohistochemistry, and tries to find clues regarding
the pathophysiological basis in temporal lobe epilepsy
(TLE) by correlations to clinical parameters.

Materials and methods

From a series of 200 consecutive patients surgically
treated for medically refractory TLE between 1988 and
2000 at the Epilepsy Center, University of Erlangen, all
patients showing focal pathology except Ammon’s horn
sclerosis (AHS, defined below) were excluded, e.g.,
neoplasms, vascular malformations, cortical dysplasia,
and (post-) inflammatory, (post-) traumatic or ischemic
lesions. The remaining 59 cases entered the study. All
patients underwent an anterolateral temporal lobectomy
tailored to intraoperative electrocorticography after
passing an extensive preoperative evaluation protocol
and decision by a multidisciplinary conference. Resec-
tions included the anterior portion of the hippocampus
(2-3.5 cm) and an individually differing amount of lat-
eral temporal neocortex (ranging from 2 to 7 cm from
temporal pole to posterior margin).

Materials were retrieved from the files of the
Department of Neuropathology, University of Erlan-
gen. Diagnostic slides were available in hematoxylin-
eosin (HE), Nissl, and glial fibrillary acidic protein
(GFAP) stains. Perivascular clustering was assessed in
standard HE slides per high-power field (HPF, i.e.,
visual field on X400 magnification, encompassing
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0.29 mm? white matter area) using the following grading
system: marked PC, =3 foci consisting of at least 10 cells
each/HPF; moderate PC, 1 or 2 foci consisting of at least
10 cells each/HPF, but never 3 foci or more; mild PC,
only foci consisting of 5 to 9 cells each/HPF; no PC, no
detectable clusters.

Considering terminology, “oligodendroglial cluster-
ing” has been reported by studies investigating extra-
hippocampal magnetic resonance signal changes seen in
some TLE cases [10, 18, 19]. In all of these studies, glial
clusters were not related to white matter microvessels
and should therefore be separated from PC. “Cortical
perivascular satellitosis”, referring to a peculiar lesion
composed of round cells in dense aggregates in and
around cortical vessels [15] is also distinctly different
from PC described here.

All available paraffin blocks per case (range 4-12)
were evaluated and the maximum PC grade used. All
hippocampal specimens were investigated for presence
or absence of classical AHS, defined as severe neuro-
nal loss in sectors CAl and CA3/4 of Ammon’s horn,
relative sparing of CA2 and reactive astrogliosis. AHS
was only diagnosed when all sectors of Ammon’s horn
could be reliably identified. In cases where this con-
dition was not met due to fragmentation or malori-
entation of the tissue section, the diagnosis of AHS
was considered uncertain.

For immunohistochemical characterization of cells
constituting PC, 5-um-thick paraffin sections obtained
from the cases with marked PC were stained for the
following antigens (antibody species, dilutions, micro-
wave pretreatment and sources given in brackets): S-100
protein (rabbit, 1:12,000, Dako, Glostrup, Denmark),
myelin basic protein (MBP, rabbit, 1:1,000, microwave,
Dako), galactocerebroside (rabbit, 1:10, DPC Biermann,
Bad Nauheim, Germany), GFAP (rabbit, 1:4,000,
Dako), neuron-specific enolase (NSE, mouse, 1:200,
Dako), neuronal nuclear antigen (NeuN, mouse, 1:100,
microwave, Chemicon, Temecula, CA), synaptophysin
(rabbit, 1:2, Dako), vimentin (mouse, 1:100, Dako),
nestin (rabbit, 1:200, microwave, Chemicon) and CD68
(mouse, 1:50 [26]). Detection was performed with the
Chem Mate Link Biotinylated Secondary Antibody
system (Dako, Hamburg, Germany) and diam-
inobenzidine as chromogen using a Tech Mate Horizon
automated staining apparatus (Dako, Germany).

Clinical data was obtained for each patient by re-
view of all clinical charts available at the documenta-
tion archives, Epilepsy Center, University of Erlangen.
Data included information about the patients’ gender,
age at onset of habitual seizures, age at operation,
frequency of preoperative complex-partial and gener-
alized seizures, positive family seizure history (first or
second degree relative with definite epilepsy), history of
febrile convulsions or other significant initial precipi-
tating injuries (IPI) according to Mathern et al. [17],
age at IPI, and most recent postoperative outcome
category classified according to Engel [11].

Statistics were performed using »°, Mann-Whitney U,
Kruskal-Wallis, and ANOVA tests using SPSS 10.0 for
Windows software.

Results
Clinical data

Of the 59 patients, 34 were male and 25 female; the mean
+ SD age at the time of surgery was 35.2£9.9 years.
Resections were performed on the right in 39 cases and
on the left in 20 cases. Mean age at onset of habitual
seizures was 13.0£9.4 years, epilepsy had lasted
22.2+11.4 years at the time of surgery. All but 1 patient
experienced complex partial seizures during the preop-
erative period at maximum frequencies ranging from 1
per month to 50 per month. In 88.1% of patients, sec-
ondarily generalized seizures occurred, which presented
as single to rare annual events in the majority of cases
(69.5%). Histories of childhood febrile convulsions were
reported by 18 patients (30.5%). Another 11 patients
reported other IPIs, including meningitis (8 patients) or a
non-fever-related seizure event (3 patients). In total,
49.2% of patients were positive for an IPI. All but two
IPIs had occurred within the first 5 years of life, the
exceptional cases reporting a history of meningitis at age
17 and age 12. Of 29 IPIs, 19 occurred within the first
2 years of life (65.5%). The latency between age at IPI
and onset of habitual seizures ranged from no latency to
37 years (mean 7.8 years, median 5.0). A positive family
history for epilepsy was noted in 13 patients (22.0%).
Information regarding the patients’ most recent postop-
erative outcome classified according to Engel was avail-
able for all but 1 patient: 35 patients ranked as class I
(seizure-free since surgery), 15 as class I, 5 as class III
and 3 as class IV. The mean follow-up period was
2 years, with 46 patients observed for at least 1 year.

Histological and immunohistochemical findings

PC was observed in all 59 cases, with 33 (55.9%) rated
as mild, 12 (20.3%) as moderate and 14 (23.7%) as
marked. AHS was diagnosed in 24 cases (40.7%),
while it had to be considered uncertain in 32 cases.
Three specimens did not display the typical pattern of
neuronal loss, so that AHS was designated absent. The
24 AHS cases exhibited the same distribution of PC
grades as the whole group (Table 1). Immunohisto-
chemically, most cells constituting PC expressed S-100
protein, and a variable fraction of the cells were also
weakly positive for the oligodendroglial proteins MBP
and galactocerebroside (Fig. 1). This staining pattern
corresponded to that of typical white matter oligo-
dendrocytes. The cells were negative for GFAP, vi-
mentin, nestin, neuronal antigens (synaptophysin,
NeuN, NSE) and CD68S.



Correlations between PC and clinical features

PC grading results were not differentially distributed
according to side of surgery or sex (3> test). No signifi-
cant association between PC grades and age at surgery,
age at epilepsy onset, duration of epilepsy or preopera-
tive seizure frequencies was found (ANOVA and Krus-
kal-Wallis tests). Presence or absence of positive family

Fig. 1 Immunohistochemical characterization. Cells comprising
perivascular clusters (arrows) express S-100 protein (A) and myelin
basic protein (B), while glial fibrillary acidic protein (C), nestin (D),
neuronal nuclear antigen (E) and CD68 (F) are restricted to
astrocytes (C), vascular cells (D), heterotopic white matter neurons
(E) and microglia (F), respectively
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Table 1 Grading results for PC. Grading is described in Materials
and methods. AHS + represents cases with definite tissue diagnosis
of AHS (PC perivascular clustering, 4HS Ammon’s horn sclerosis)
PC grade All cases AHS +
None 0 0

Mild 33 (55.9%) 13 (54.2%)
Moderate 12 (20.3%) 5 (20.8%)
Marked 14 (23.7%) 6 (25.0%)

Total 59 24

history, childhood febrile convulsions or positive IPI
history were not associated with PC grades (4 test).
Also, no relation to type of IPI was found. Mean age at
the time of IPI or mean latencies from IPI to epilepsy
onset were not different between PC grade categories
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(ANOVA). No correlation between PC grading and
postsurgical outcome category was revealed (Kruskal-
Wallis test).

Discussion

We have investigated occurrence, immunohistochemical
characteristics and clinical correlates of PC in temporal
lobe white matter from patients surgically treated for
medically refractory nonlesional TLE.

By applying a semiquantitative grading system, we
found that all TLE specimens contained PC. A per-
centage of approximately 20% marked PC corresponds
to the results of our earlier studies [13, 14], while the
majority of cases displayed lower degrees of PC (mild
PC: 55.9%, moderate PC: 20.3%). Thus, PC turned out
as a regular finding in temporal lobe white matter from
nonlesional TLE cases. The amount of PC in TLE
caused by other pathologies, e.g., tumors, has not been
studied so far. No study on PC has been performed in
areas other than temporal lobe from TLE patients or
using tissue from other epilepsy syndromes. Whether
marked PC exists in conditions other than epilepsy is
unclear. One study reporting PC from different cerebral
diseases [4] did not provide information about the
prevalence of epilepsy in their patient groups, leaving
open the question whether PC in that series related to
the disease or a possibly unrecognized epileptic condi-
tion.

Data from normal temporal lobe tissue is scarce. In
one study, marked PC was not found in normal autopsy
brains [13]. Another study, not applying grading, re-
ported PC as being very rare. At maximum, 3 of 160
(i.e., 1.9%) visual fields examined in each cerebral lobe
from autopsy controls showed PC, while occipital tissue
was completely negative [4]. However, the exact preva-
lence of PC in control tissue is not known yet.

To characterize the cellular components of PC, which
are so far unknown, several immunohistochemical
markers were applied. Variable staining for S-100 pro-
tein, galactocerebroside and MBP was seen in both PC
and oligodendrocytes of the surrounding white matter,
suggesting an oligodendroglial phenotype. While the
histological appearance of small round cells with occa-
sional clear cytoplasm is compatible with a neuronal/
neurocytic nature, absence of the neuronal markers
NeuN, NSE and synaptophysin virtually excludes ad-
vanced neuronal differentiation. Perivascular microglia
and astrocytes were ruled out by negativity for CD68
and GFAP, respectively. Finally, neural progenitor cells
were considered, because they may reside in adult white
matter and in perivascular areas [22, 23], and because
they may undergo proliferation following experimental
seizures and in hippocampal tissue from TLE patients
[24, 25]. Negativity for vimentin and nestin in our study
argues against neural progenitor cells, because they
usually express these intermediate filament proteins [6].
However, it cannot be excluded that PC cells have

originated from perivascular stem cells undergoing local
proliferation and oligodendroglial differentiation.

We conclude that PC is likely built up by oligoden-
drocytes. A small fraction of oligodendroglia is located
in perivascular areas under physiological conditions [2]
and oligodendroglial extensions to vascular walls
resembling astroglial end-feet have been described [9].
However, little is known about the functional role of
these “perivascular oligodendrocytes”. Further studies
are required to resolve the precise origin and function of
this particular cellular population in the epileptic and
normal brain.

In principle, PC may either represent a dysplastic
lesion or it may be a secondary alteration related to
epilepsy. In our study, unraveling the pathophysiologi-
cal basis of PC by means of clinicopathological corre-
lations turned out to be a difficult task, because no
significant correlations were revealed. Most previous
reports have considered PC as sign of microdysgenesis,
implicating a malformative nature [3, 4, 5, 30]. For TLE,
this interpretation would match with the maldevelop-
mental hypothesis of AHS, where a dysplastic nidus for
temporal lobe injury by focal insults (e.g., an IPI) has
often been postulated [7]. It is conceivable that PC could
reflect a focal defect of the blood-brain barrier (BBB), a
condition allowing proconvulsive agents to enter the
CNS and leading to a focal seizure [29]. In support of a
dysplastic pathogenesis, a recent study [4] reported a
strong correlation between PC and neuronal migration
disorders (NMD): comparing autopsy tissue from sev-
eral CNS disease groups, PC appeared more frequent in
NMD (289 of 950 visual fields, 30%), being rarely found
in neurovascular (9 of 400 visual fields, 2.3%) or neu-
rodegenerative diseases (32 of 1400 visual fields, 2.3%)
[4]. However, this finding could merely reflect the dif-
ferent prevalence of epilepsy within the disease groups,
which is high among NMD [28]. Our data did not show
correlations definitely supporting a genetical or matu-
rational susceptibility, i.e., links to positive family his-
tory, history of IPI, or an early age at epilepsy onset.

The alternative hypothesis of PC being secondary to
epilepsy is also not supported by our data, since direct
correlations with both duration of epilepsy and seizure
frequencies were absent. Nevertheless, induction by
factors other than seizure numbers cannot be excluded.
First, the striking perivascular pattern of PC may be
related to seizure-related vascular changes. Ultrastruc-
tural microvascular alterations, like thickening of the
basal lamina and pericyte degeneration, have been found
in chronic epileptogenic foci [16]. Pronounced altera-
tions of cerebral blood flow occur during seizures and
vary remarkably in intensity [27]. Ictal changes occur at
the BBB with transient disruption of barrier function
[12] and affection of perivascular glia [1]. Second, cells in
close relation to cerebral microvessels, e.g., pericytes and
glia, form a complex network with CNS endothelium
[20], and mediate immunological and inflammatory
signals [32]. Thus, perivascular areas seem to represent
an interface between central nervous and immune sys-



tems [21]. Since immunological signal cascades are
activated and modulated by seizures [31], PC could be
triggered by some unknown immunological signal.
Third, PC could represent a pharmacologically induced
tissue change related to anticonvulsant drugs coming via
the bloodstream.

In conclusion, the cells constituting PC exhibit oli-

godendroglial differentiation. Their role in epilepsy
needs further investigation. The striking perivascular
assembly could point to a pathophysiological basis re-
lated to the cerebral vasculature. The question whether
PC is a primary (dysplastic) or a secondary (reactive)
feature is yet unresolved.
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