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Hypothalamic hamartomas represent a rare but important model of subcortical
epileptogenesis. Recent clinical studies, based primarily on intracranial
seizure recordings, have established that the hypothalamic hamartoma itself is
epileptogenic. At least in some patients, however, the hamartoma contributes
to secondary epileptogenesis affecting the neocortex. Seizures arising from ei-
ther location improve after resection of a hypothalamic hamartoma. This article
defines some of the fundamental questions regarding the neurobiology and
pathogenesis of this condition, reviews prior scientific studies bearing on basic
mechanisms, and proposes new avenues of inquiry that it is hoped will in-
crease our understanding of epilepsy and hypothalamic hamartomas.
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ypothalamic hamartomas, rare

developmental anomalies of the
brain, are solitary, congenital, and non-
progressive mass lesions of the hypo-
thalamus. The size of these lesions and
their exact location with respect to the
hypothalamus vary considerably. An
anatomic (surgical) classification scheme
based on the local pathological anato-
my has been proposed by Valdueza and
colleagues. As discussed later in this ar-
ticle, this classification distinguishes be-
tween sessile hypothalamic hamarto-
mas (intrinsic to the hypothalamus and
often extending into the third ventri-
cle) and pedunculated forms (attached
to the inferior aspects of the hypothal-
amus or tuber cinereum, with a pedi-
cle of variable size).”

Clinical symptoms often appear in
infancy. Classically, the symptoms asso-
ciated with hamartomas consist of the
triad of seizure disorder, developmental
retardation, precocious puberty, or all
three. The early seizures are peculiar,
with a gelastic (laughing) phenotype,
but they often progress to more obvi-
ous and more disabling seizures as the
child ages. Equally concerning, the
child’s cognitive and psychiatric state
often (but not always) declines, leading
to severe overall functional disability
and family and social disruption.
Seizures associated with hypothalamic
hamartomas are often resistant to med-
ical management.’®

This article examines some of the
fundamental unanswered questions re-
garding hypothalamic hamartomas,
epilepsy, and their association with
clinical deterioration in some patients
as they age: What are the etiology and
pathogenesis of hypothalamic hamar-



tomas? Why is hypothalamic hamar-
toma tissue intrinsically epileptogenic?
‘What is the nature of the deleterious
and sometimes progressive effect of
hypothalamic hamartomas (or the re-
sulting seizures) on more remote and
widespread areas of brain function?
Why do these effects improve in some
patients after successful resection of
hypothalamic hamartomas?

Epileptogenesis and Hypo-
thalamic Hamartomas

For years, the exact role of hypo-
thalamic hamartomas in seizure onset
was undetermined. Several possibili-
ties were considered. First, hypothalam-
ic hamartomas could have merely
been markers for abnormalities (and
regions of seizure onset) elsewhere in
the brain and therefore played no di-
rect role in seizure onset. Second, hy-
pothalamic hamartomas could have
caused disordered network relation-
ships that led to seizure onset else-
where in the brain. Finally, hamarto-
mas could have been the actual site of
seizure onset. Earlier concepts that
stressed the cortical localization of
seizure onset tended to discount the
possibility that hypothalamic hamarto-
mas themselves were epileptogenic.”"

During the past 10 years, hypotha-
lamic hamartomas have been shown to
be intrinsically epileptogenic. They
therefore represent an important and
unique human model for subcortical
epileptogenesis.*""  Contributions to
this discovery included studies involv-
ing hyperperfusion of hypothalamic
hamartomas with ictal single photon
emission computed tomography** and,
more importantly, recordings of ictal
onset from hypothalamic hamartoma
tissue with implanted intracranial
recording electrodes.”** The final test
of this hypothesis, that is, cure of the
seizure disorder after resection of hypo-
thalamic hamartomas, has been harder
to obtain. Attempts at surgical resection
have met with mixed, although some-
times favorable, results. As reviewed by
Valdueza and colleagues,” many early
reports consisted of single cases from a
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number of centers. Seizures also have
responded to other ablative therapies
used to treat hypothalamic hamarto-
mas, including Gamma knife radia-
tion>® and stereotactic thermoabla-
tion.” Furthermore, resective surgery
in areas of the brain other than the site
of hypothalamic hamartomas has been
unsuccessful, even if guided by intra-
cranial ictal electroencephalographic
(EEG) monitoring (but not including
the hypothalamic hamartoma itself).”

Palmini and coworkers” found that
of 13 patients who underwent resec-
tion of a hypothalamic hamartoma, the
control of seizures improved in 11.
Two of these patients were free of
seizures. However, significant compli-
cations were associated with the sub-
temporal surgical approach, including
ischemic stroke in four cases. Recent-
ly, Rosenfeld and colleagues™ reported
their experience with complete or al-
most complete anatomic resection of
hypothalamic hamartomas through a
transcallosal approach. Seizure out-
comes were excellent and the rate of
complications was low. Further details
of the transcallosal approach for hypo-
thalamic hamartoma resection, includ-
ing preliminary outcomes with this
procedure at our institution,” are pro-
vided elsewhere in this issue.

Although this body of work has es-
tablished the epileptogenic nature of
hypothalamic hamartoma tissue, the
story appears to be more complicated.
Early in their course, patients with a hy-
pothalamic hamartoma often exhibit
gelastic seizures. As these children age,
more severe and disabling generalized
seizures may develop, often paralleled by
a deterioration in cognitive and neu-
ropsychiatric functioning.>” Freeman
and colleagues have established the po-
tential for a hypothalamic hamartoma
to contribute to secondary epileptoge-
nesis.” In the absence of epileptiform
activity associated with hamartomas,
they found generalized cortical spike-
wave patterns on intracranial recordings
obtained during transcallosal surgery to
resect the lesions. After surgery general-
ized spike-wave patterns on scalp EEGs
and clinical tonic seizures persisted. As

long as 6 months after surgery, the tonic
seizures improved and eventually disap-
peared in 11 of 12 patients.” This “run-
ning down”’ phenomenon has been ob-
served previously in patients with
neocortical (temporal lobe) epilepsy
and appears to correlate with the per-
cent resection of the epileptogenic
zone.” The mechanisms that may ac-
count for this running-down phenom-
enon in subcortical epilepsies remain

unknown.

Neuropathology and Neu-
robiology of Hypothalamic
Hamartomas

Articles about the imaging features
of hypothalamic hamartomas have
been published." However, little infor-
mation is available about the basic
neuropathological or neurobiological
underpinnings of hypothalamic ham-
artomas and epilepsy.’ Some standard
neuropathology texts do not even
mention hypothalamic hamartomas.

By definition, a2 hamartoma consists
of a disorderly overgrowth of mature
and normal-appearing cells. A standard
neuropathological examination of re-
sected hypothalamic hamartoma tissue
shows relatively normal-appearing
neuronal elements (Fig. 1). The sur-
rounding neuropil often appears some-
what spongy. Hypothalamic hamarto-
mas lack the enlarged or “balloon” cells
characteristic of focal cortical dysplasias
and other pathologies such as tuberous
sclerosis. The degree of cellularity
varies from case to case, but anaplastic
elements are not seen. Neurons can be
grouped into variably demarcated nod-
ules, but these lesions lack the laminar
architecture and relationship with
white matter tracts that characterize
normal brain. Unorganized glial ele-
ments, including astrocytes and oligo-
dendrocytes, are diffusely distributed in
the lesions but are seldom prominent.

Hypothalamic hamartomas associ-
ated with precocious puberty may
stain for gonadotrophin-releasing hor-
mone (GnRH).® One hypothesis is
that hypothalamic hamartomas direct-
ly secrete GnRH, acting as an ectopic

BARROW QUARTERLY « \ol. 20, No. 1 « 2004




Coons et al: Etiology and Epileptogenesis of Hypothalamic Hamartomas: Opening the Door

luteinizing hormone-releasing hor-
mone (LHRH, also known as GnRH).
None of these patients had precocious
puberty. Two of three specimens tested
were positive for other neuropeptides
(despite the lack of evidence for an en-
docrine disturbance), including corti-
cotrophin-releasing factor (CRF) and
met-enkephalin. The significance of
these findings is unknown. However,
CREF has been proposed as a procon-
vulsant neuropeptide in a leading hy-
pothesis relating to the pathogenesis of
infantile spasms.*

Most hypothalamic hamartomas are
sporadic and not associated with a pos-
itive family history or identifiable syn-
dromes. However, about 10% of hypo-
thalamic hamartomas are associated
with Pallister-Hall syndrome, an auto-
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Figure 1. Representative example of hypothalamic hamartoma neuropathology (origi-

nal magnification, x200; hematoxylin and eosin).

GnRH pulse generator, independent
of the usual central inhibitory mecha-
nisms.” An alternative hypothesis is
that hypothalamic hamartomas do not
release GnRH but rather elaborate
transforming growth factor-o (TGF-
a) from astroglial cells. In turn, the
TGF-a acts as a positive trophic factor
for GnRH release from normal hypo-
thalamic tissue.”* Regardless of the
underlying mechanism, patients who
manifest with precocious puberty ap-
pear to respond to GnRH agonists,
which presumably operate by negative
feedback.” Curiously, the gelastic
seizures of one patient were reported
to cease after GnR H-agonist therapy.*

Although the classic symptom triad
of hypothalamic hamartomas consists
of gelastic seizures, developmental
delay, and precocious puberty, it is in-
creasingly recognized that overlap be-
tween children presenting with preco-
cious puberty and those presenting
with epilepsy is incomplete."” In most
patients with precocious puberty, their
hypothalamic hamartoma occupies a
“parahypothalamic” position with in-
ferior or even pedunculated anatomy
relative to the hypothalamus. Few of
these patients develop epilepsy (Type Ia
and Ib as classified by Valdueza et al.).”
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Conversely, in most patients with epi-
lepsy, the hamartoma occupies an “in-
trahypothalamic” anatomic position,
often extending into the third ventri-
cle. Most of these patients do not de-
velop precocious puberty (Type Ila
and IIb as classified by Valdueza et al.).”

Studies relating to the neuropathol-
ogy and neurobiology of hypothalamic
hamartomas associated with epilepsy
are extremely limited. A study of 13
resected cerebral hamartomas (none
arising from the hypothalamus) associ-
ated with refractory epilepsy docu-
mented that the lesions are pathologi-
cally nonproliferative based on mitotic
counts and negative immunohisto-
chemistry for a nuclear marker of cell
division (MIB-1 antibody).” This re-
sult is not surprising because serial im-
aging studies show hamartomas to be
stable and nonprogressive. Valdueza and
colleagues” performed immunohisto-
chemical studies with an extensive
panel of neuronal and neurosecretory
antibodies in a small series of patients
with a hypothalamic hamartoma who
had epilepsy. All resected tissue speci-
mens were positive for neuronal mark-
ers, including neuron-specific enolase,
synaptophysin, and neurofilament pro-
tein. All specimens were negative for

somal dominant malformation syn-
drome that includes postaxial poly-
dactyly, imperforate anus, and a bifid
epiglottis, among other congenital
anomalies.”* The Pallister-Hall syn-
drome has been associated with a
germ-line defect in the Gli3 gene,” a
zinc-finger transcription factor protein
in the sonic hedgehog pathway.* The
possibility that a somatic mutation of
Gli3 may be responsible for sporadic
cases of hypothalamic hamartomas 1s
under investigation (Robyn Wallace,
personal communication, 2003).

The original report of the neuro-
pathology associated with the Pallister-
Hall syndrome described histological fea-
tures designated as hamartoblastoma.™
Subsequent reports, however, have
found no significant differences in the
neuropathology associated with Pallis-
ter-Hall cases and those of patients
with sporadic hypothalamic hamarto-
mas.*” An animal model with a Gli3
knockout mutation has been reported
but is not associated with hypothalam-
ic hamartomas.”

Current Research Pros-
pects

Barrow has established a multidisci-
plinary center for the evaluation and
management of hypothalamic hamar-
tomas. Available treatments include



transcallosal surgical resection of hypo-
thalamic hamartomas. Access to such
tissue from multiple patients at a single
institution enables concentrated re-
search efforts. It is providing an op-
portunity to study basic issues related
to the pathogenesis of these lesions and
their intrinsic epileptogenesis. It is
hoped that these investigations will
offer additional insights into the mech-
anisms of secondary epileptogenesis.
This review identifies current areas of
research interest. Original observa-
tions resulting from these research ef-
forts will be submitted for publication
in peer-reviewed journals.

Specific research questions can be
organized based on their increasing bi-
ological complexity (Fig.2). Each lev-
el of this hierarchy presents questions
and challenges for a problem such as
hypothalamic hamartomas with its as-
sociated symptoms. We hope to ex-
ploit multiple lines of inquiry to make
progress in answering fundamental
questions about hypothalamic hamar-
tomas.

Cell Cultures

Primary explant or dissociated cell
cultures present a snapshot of the cellu-
lar profile occurring in a lesion in vivo.
Cells emanating from a tissue explant
exhibit a migratory capacity that may
be informative of their phenotype. An
advantage of dissociated cell cultures is
the ready visibility of cell morphology.
Even postmitotic cells, such as neurons,
can be coaxed to survive for a few days
in primary cell culture media rich with
nutrients and growth factors. Samples
can be stained using immunocyto-
chemical techniques to assess cellular
phenotypes (i.e., neuronal, glial, other)
based on their expression of cell type-
specific markers. Skilled investigators
also can distinguish cell types based on
morphology.

To the extent that some cells in the
primary culture are capable of division,
their numbers can be multiplied and
their phenotypes can be established
based on their morphological and
staining characteristics. Any cells that
continue to proliferate may reach the
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criteria for a continuous cell-line cul-
ture. Such longer-term cultures allow
the presence of immortalized, tumor-
like cells or cells with proliferative ca-
pacity to be assessed.

Explant and dissociated cell cultures
can be used to test different hypotheses
about the content and origin of hypo-
thalamic hamartomas. Given that hy-
pothalamic hamartomas are nonprogres-
sive mass lesions (sometimes quite large),
they defy easy categorization as dys-
plasias or neoplasms. However, current
concepts of pathogenesis for these two
broad categories of disease can be used
to generate hypotheses about the ori-
gin of hypothalamic hamartomas.

One hypothesis is that hypothalamic
hamartomas may result from ectopic
localization of otherwise relatively nor-
mal cellular elements. Physical mis-
placement of hypothalamic hamarto-
mas tissue could be related to defects in
cell-cell recognition, which normally
guides the sequential processes of neu-
roepithelial proliferation, differentiation
of primitive neuroectodermal cells to
neurons and glia, and postmitotic neu-
ronal migration along radial glial cells.

Misplacement in space also implies
the possibility of misplacement in time.
Cell-to-cell signaling events that ac-
company a sequence of developmen-
tally determined windows of brain de-
velopment may be aberrant, thereby
contributing to the organization of ab-
normal brain tissue as seen with hypo-
thalamic hamartomas. These signaling
mechanisms may result from soluble
ligand-receptor interactions or from
abnormalities of substrate-cell interac-
tion. For example, the premature or
late arrival of migratory signals when
the surrounding tissue is no longer per-
missive for movement of cells in re-
sponse to those signals would lead to
abnormal local brain structure.

A second hypothesis (also greatly
simplified) is that hypothalamic ham-
artoma cells (or, perhaps more likely,
one cellular constituent of hypothalam-
ic hamartoma tissue) are positioned
normally but have an abnormal prolif-
erative potential. Immunohistochemi-
cal studies focusing on cell lineage may
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Figure 2. Hierarchy of neurobiological
relationships of research interest with
hypothalamic hamartomas.

identify that the hypothalamic hamar-
toma cells themselves are intrinsically
abnormal, potentially expressing more
primitive cell markers or markers rep-
resentative of more than one cell line.
Studies of cell cultures may be capable
of identifying such abnormalities, in-
cluding “tumor-like” and “stem-cell-
like” phenotypes.

These lines of investigation are not
likely to be mutually exclusive because
the neurobiology of cellular prolifera-
tion, cellular destination, and tissue in-
tegration reflects complex and mutual-
ly dependent interactions. A starting
hypothesis may be that all cases of spo-
radic hypothalamic hamartoma share
the same mechanism. Although by no
means assured, a careful search for vari-
ability within the tissue phenotype of
sporadic hypothalamic hamartomas is
important to detect clues that may lead
in different directions. Furthermore,
empirically based discoveries leading
to the formulation of hypotheses may
be the most appropriate route for stud-
ies of comparatively unknown entities
such as hypothalamic hamartomas.

Are hypothalamic hamartomas re-
flective of a somatic mutation in an
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early neuroepithelial precursor? Such
a mutation might account for either a
migrational or proliferative mecha-
nism. Cells in some, if not all, brain re-
gions originate clonally from a single
primitive neuroectodermal precursor,
maturing into either glial or neuronal
cells. Even if there is no genomic
(germ-line) mutation that would be
carried by all cells in the body, the ap-
pearance of a somatic mutation con-
fined to such a precursor could give
rise to a cadre of glial and neuronal
cells that would carry that mutation
into their progeny, distinct from cells
elsewhere in the brain.

Gene Expression and Genetic
Studies

Whether hypothalamic hamarto-
mas are caused by developmental ab-
normalities that alter cellular profiles or
physical position within the lesion, dif-
ferences in gene expression as messen-
ger ribonucleic acid (mRNA) and
protein may be responsible. For exam-
ple, abnormalities of gene expression
causing either quantitative or qualita-
tive abnormalities of cellular proteins
involved in cell-cell recognition, mi-
gration, or chemical or electrical sig-
naling could lead to abnormal organi-
zation of the brain at the lesion site.

One technique of identifying
unique patterns of gene expression
characteristic of hypothalamic hamar-
tomas involves the use of microarrays
of deoxyribonucleic acid (DNA, gene
chips).”"®¥ In this approach, mRNA is
extracted and converted to copy or
complementary DNA (cDNA) through
a process designed to preserve initial
ratios of expression of different mRINAs.
Gene expression in hypothalamic ham-
artoma tissue and a control specimen is
then compiled. In one sensitive and
commonly applied technique, cDNAs
prepared from each sample are labeled
with different fluorescent dyes. The
mixed samples are allowed to compete
for binding sites on anti-sense cDNAs
or oligonucleotide immobilized on
the gene chip. If a particular gene in
hypothalamic hamartoma tissue is
overexpressed compared to a control
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specimen, more of the labeled cDNA
from that specimen will bind to the
gene chip. Conversely, underexpres-
sion of the gene in the diseased speci-
men will be reflected by higher label-
ing with control cDNA (Fig. 3).

Given knowledge of the map of im-
mobilized cDNA or oligonucleotides
on the microarray chip, the identity of
the gene with altered expression can be
determined. Binding sites for non-
overlapping segments of the same gene
on the microarray chip can verify the
result. Candidates identified based on
this gene expression mapping are subse-
quently subjected to independent veri-
fication and validation using other tech-

nologies, such as real-time, quantitative
reverse transcription-polymerase chain
reactions (PCR), mRNA in-situ hy-
bridization, or immunocytochemistry.

These approaches could be applied
to bulk tissue samples of hypothalamic
hamartomas for comparison to the
best possible control brain tissues. Be-
cause of major challenges in defining
the best control specimen for samples
in bulk, the same techniques could be
applied to explant or dissociated cul-
tures, potentially enriched for the same
cell type, or even to cellular subsets
harvested by laser capture.

Differences in gene expression as
mRNA between hypothalamic ham-

Figure 3. Hypothalamic hamartoma gene expression. Each spot on this array is asso-
ciated with a particular gene. Gene expression is compared in a bulk tissue sample
from hypothalamic hamartomas and normal control tissue. The location of a spot in the
array and the intensity of its color indicate whether the gene is expressed in either the
hypothalamic hamartoma or control cDNA and provides an estimate of the relative ex-
pression level of the gene(s). Green spots represent where cDNA derived from normal
tissue hybridized to the target DNA. Red spots represent cDNA derived from hypotha-
lamic hamartoma tissue hybridized to the target DNA. Yellow represents a combina-
tion of control and hypothalamic hamartoma cDNA where both hybridized equally to
the target DNA. Black represents areas where neither the control nor hypothalamic

hamartoma cDNA hybridized to the target.



artomas and normal tissues could be
related to somatic or genomic muta-
tions. If so, gene expression profiling
through DNA microarray analyses has
the potential to identify the responsi-
ble genes. In some instances, gene ex-
pression profiling may appear normal,
but mRNAs and encoded proteins
may nevertheless be abnormal due to
gene mutations. Invariably, gene se-
quences are polymorphic, meaning
that they differ between individuals,
often subtly. In many cases, a poly-
morphism is not mutagenic: The pro-
tein encoded by the gene in question
is not abnormal, but the polymor-
phism is a marker for some other ge-
netic defect. Polymorphisms can
occur in DNA sequences not involved
in coding for proteins. Nevertheless,
they could affect expression of nearby
genes, serve as markers for gene muta-
tions or polymorphisms, or both. Be-
cause of these possibilities, more global
genetic screening of hypothalamic
hamartoma samples is warranted in
addition to gene expression profiling.

Genomic mutations carried by every
cell in the body can be revealed by a
number of different genetic screening
approaches: direct sequencing of ge-
nomic DNA from readily available pe-
ripheral tissues (lymphocytes or skin) or
comparing affected to unaffected indi-
viduals to determine if specific muta-
tions or polymorphisms occur with a
higher frequency in individuals with
hypothalamic hamartomas. Among
other options for higher-throughput
screening for polymorphisms are re-
striction fragment length polymor-
phism (RFLP) analysis, a test common-
ly used in crime laboratories, and single
nucleotide polymorphism (SNP) map-
ping. The latter is based on new and
emerging knowledge about common
polymorphisms in the human genome
and 1s designed to focus attention on
the fewer sites of sequence difterence
rather than the many more uninforma-
tive areas of sequence identity across in-
dividuals.

Similar experiments could be ap-
plied to verify somatic mutations oc-
curring in only a subset of cells in the
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body. Such approaches would need to
be well designed to take advantage of
banked hypothalamic hamartoma
specimens and to be informed by the
results of studies of related specimens.
For example, if a somatic mutation was
present in a subset of neuronal cells in
hypothalamic hamartomas but not
control tissue and not in non-neuronal
hypothalamic hamartomas cells, then
SNP mapping would be most optimal
it confined to cDNA derived from
neuronal cells. If functional studies
identify a potentially defective gene,
single gene reverse transcription-PCR
analysis followed by gene sequencing
could be used to identify the mutation.

In cases of familial hypothalamic
hamartomas, any form of mapping of
the evident genomic mutation would
be enhanced by within-family com-
parisons. Such studies could rapidly
lead to the identification of genes and
specific mutations.

Cellular Physiology of Hypothalamic
Hamartoma Neurons

The common manifestation of hy-
pothalamic hamartomas with epileptic
seizures implies a defect in neuronal
chemical and/or electrical signaling,
perhaps influenced or accompanied by
an abnormality in glial regulation of
that signaling. The availability of pri-
mary explants and acutely dissociated
cells from hypothalamic hamartoma
tissue affords the opportunity to ascer-
tain whether the electrophysiological
characteristics of cells from the lesion
site differ from those of comparable
cells from normal control brain. Clues
about possible molecular mechanisms
for the intrinsic epileptogenesis of hy-
pothalamic hamartoma tissue derive
from existing knowledge about mole-
cular mechanisms involved in other
forms of epilepsy.

One approach is to generate acutely
dissociated cells from hypothalamic
hamartoma tissue. The powerful ap-
proach of patch clamp electrophysiolo-
gy could then be used to characterize
the electrical properties and ligand sen-
sitivity of these cells. The procedure for
acutely dissociating cells from human

hypothalamic hamartoma tissue is a
modification of an existing technique.”
Separated cells usually adhere to the
bottom of the culture dish within 30
minutes and are classified as small (90%
of the total cells in hypothalamic ham-
artoma samples) or large (Fig. 4A).

Logically, attention should first be
directed to determining whether cells
derived from hypothalamic hamarto-
mas have electrical properties charac-
teristic of glia or neurons. Evidence of
spontaneous electroexcitability or of
voltage jump-induced transmembrane
conductance changes would be in-
dicative of the expression of voltage-
gated ion channels. Because the acti-
vation and inactivation kinetics and
details of voltage sensitivity for many
voltage-gated sodium, potassium, and
calcium channels have been character-
ized, specific features of such findings
in hypothalamic hamartomas would
be informative about cellular ion-
channel phenotype.

Abnormalities that may be present
in hypothalamic hamartoma neurons
and that would help explain epilepto-
genesis would include delayed inacti-
vation kinetics for voltage-gated sodi-
um channels or altered voltage-gated
potassium-channel kinetics. These
possibilities are raised by the evolving
view that many of the epilepsies iden-
tified by molecular mechanisms are
“channelopathies,” reflecting the ab-
normal function of ion channels.

Both small and large acutely disso-
clated hypothalamic hamartomas cells
are characterized by a pacemaker-like
depolarization that spontaneously
brings the membrane potential from
the trough of the afterspike hyperpo-
larization to its firing threshold (Fig.
4B and C). This pattern is similar to
previously described pacemaker sin-
gle-spike activity in rat hypothalamic
neurons.>” More detailed studies of
these activities are in progress, but the
expression of pacemaker-like single-
spike activity may contribute to epi-
leptogenesis in patients with hypotha-
lamic hamartomas.

Ligand-gated ion channel function
also could be abnormal in hypothalamic
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Figure 4. Patch-clamp recordings (current-clamp mode) in freshly dissociated cells from human hypothalamic hamartoma tissue. (A)
Examples of small (left) and large (right) cells freshly dissociated from hypothalamic hamartoma tissue. Current-clamp recordings show
pacemaker-like spontaneous single-spike activity recorded from the (B) small and (C) large cells shown in A.

hamartomas. Altered properties of
gamma amino butyric acid (GABA) or
glutamate-activated ion channels are
possible given the prime roles of gluta-
mate and GABA in excitatory and in-
hibitory neurotransmission, respective-
ly. The role of nicotinic acetylcholine
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receptor subunit mutations in some
hereditary epilepsies, also characterized
by the onset of seizures in children, has
been established. Information is accu-
mulating on the properties of these
and other ligand-gated ion channels,
and the search for abnormalities in-

volving these receptor-channel com-
plexes in hypothalamic hamartoma tis-
sue may be rewarding,.

If patch clamp studies suggest defects
in voltage- or ligand-gated ion chan-
nels, an obvious line of study would be
to determine if such defects originate in



genomic (especially in cases within
families) or somatic gene mutations.

Conclusion

The ability to pursue basic investiga-

tions into the pathogenesis and intrinsic
epileptogenesis of hypothalamic hamar-
tomas has been limited by the rarity of
these lesions and the relatively scarce
amounts of tissue at a single research
center. The recently developed transcal-
losal approach for the surgical resection
of hypothalamic hamartomas represents
a major step forward in the clinical man-
agement of patients affected by this dis-
ease. Concomitantly, the availability of
tissue from this procedure offers an un-
precedented opportunity for under-
standing this unique form of subcortical
epilepsy and secondary epileptogenesis.
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