
Introduction

Huntington’s disease (HD) is an inherited neurodege-
nerative disorder, first described by Dr. George Huntington
in 1872 (35). Compared with Parkinson’s disease (PD), its
incidence (5–10 patients per 100 000 inhabitants – 61) is
lower, but since no effective treatment is available, HD is
always lethal in a relatively short time  (10–15 years) – its
social relevance is therefore considerable.

In 1993, the “Huntington’s Disease Collaborative
Research Group“ (36) discovered the genetic defect at the
IT15 gene locus at the short arm of chromosome 4 (found
in 1983 -31). This genetic defect results in an increased
number of polyglutamine encoding CAG repeats at the site
encoding for the protein named huntingtin. An abnormal
form of huntingtin, which usually contains 40 or more
CAG repeats (occasionally even 36 repeats) causes the de-
velopment of HD (46). Seriousness of HD is directly pro-
portional to the number of repetitions (e.g. 60 and more
repetitions usually denotes a juvenile form of HD with a ra-
pid progression). But neither of these discoveries has led to
any progress in HD therapy yet.

Degeneration of the brain basal ganglia (and later, also
of the cortex) is accompanied by movement disorders (cho-
rea, dyskinese), cognitive problems (dementia) and beha-

vioral changes (rapid mood swings, depression, etc.). Histo-
pathologically, HD is characterized by programmed prema-
ture death particularly of medium-sized spiny striatal
neurons (in the caudate nucleus and putamen), e.g. by the
impairment and loss of mainly GABA-ergic neurons which
provide inhibitory innervation to globus pallidus and sub-
stantia nigra (pars reticularis) – (e.g. 65, 39). It has been
suggested that the neuronal death occurring in HD is rela-
ted to an underlying slow endogenous excitotoxic process
(1) or to mitochondrial dysfunction (11). Recently, CAG
expansion has been shown to activate caspase-8, a known
trigger of apoptotic cell death (59); however, the specific
mechanism by which the CAG expansion damages and ul-
timately destroys neurons remains unknown.

Animal models

Intrastriatal administration of neurotoxic acids serves as
the most frequent animal model of HD. Formerly the kai-
nic acid was used (the first animal model of HD was per-
formed in 1976 - 16), later ibotenic acid (e.g. 37) and
subsequently quinolinic acid (9,49). Another model which
utilize the mitochondrial toxin 3-nitropropionic acid (3-NP)
to produce HD-like striatal lesion (e.g. 10) is only rarely
used.
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a year post grafting. They were grafted with a suspension of
the human fetal neuroblasts into the right striatum then, af-
ter a year, into the left striatum. The PET and MRI scans
confirmed the viability of transplants in three patients up to
a year post surgery. Accordingly, motor and cognitive func-
tions were improved in these patients, but not in the other
two patients. In this case, the cell suspension of cultured
neuroblasts (i.e. without the glial cells) was only used for
grafting. In comparison with small pieces of the fetal brain
tissue, which were usually grafted, the cultured cells sus-
pension represents more available and also more selective
(e.g. composed of neurons only) grafts. However, in con-
trast to the experimental results (e.g. 13, 58) cell suspensi-
on grafts, particularly composed of cultured neurons only,
placed in to human brain gave worse results in relation to
the restriction of behavioral impairment of patients.

In spite of these encouraging results that have shown
the justification and clinical applications of neural trans-
plantation in HD patients, there is a necessity to seek for
the alternative sources for neural grafting because of limited
use of the human fetal tissue by ethical and technical con-
cerns (above all with collection of an appropriate number
of grafts for every one patient). Recently, due to these re-
quests, the transplantation of porcine fetal neural cells
(xenotransplantation) and encapsulated cells engineered to
secrete trophic factors were carried out in the HD patients,
also.

Xenotransplantation of the fetal porcine striatum was
performed in twelve (60) and then in ten PD patients (23)
but also in twelve patients suffering from HD (23). The cell
suspension (up to 24 million cells) derived from lateral ven-
trical eminence was grafted unilaterally in HD patients with
moderate motor symptoms. Half of these patients under-
went the cyclosporine immunosuppression, the remaining
patients were grafted with immune-modulated (against
MHC I) fetal porcine cells. However, in comparison with
mild to moderate improvement in most of the grafted PD
patients, there was no observed appreciable improvement
of status in any of these HD patients up to a year post sur-
gery.

The capacity for neuroprotection of striatal neurons
was demonstrated in various animal models for several neu-
rotrophic factors (e.g. 3, 21). It includes also the ciliary
neurotrophic factor (CTNF). It has been suggest that neu-
rotrophic factors may be able to slow down the disease pro-
gression by reactivating the degenerating cell’s synthetic
machinery which produces proteins that are essential for
cell maintenance and survival (34). The delivery of neuro-
trophic factor must be (1) as close to the target as possible,
(2) continuous, and (3) long-lasting. The most promising,
in relation to these mentioned conditions, appears to be the
application of encapsulated genetically modified non-neuro-
nal cells or immortalized lines of neural stem cells (as
a producers of dopamin for the transplantation in PD pati-
ents). An ex vivo gene therapy approach based on encap-
sulated genetically modified Baby Hamster Kidney (BHK)

cells will be used for the continuous and long-term (at least
6 months) intracerebral delivery of human CTNF. An at-
tempt with grafting of encapsulated BHK-hCNTF cells (up
to 106 cells surrounded by a semipermeable membrane)
into the right cerebral ventricle has been done in six HD pa-
tients (7). The status evaluation of these patients has not
been published yet.

In comparison with Parkinson’s disease, where the safe-
ty for neural transplantation was demonstrated in many pa-
tients (e.g. 43, 25, 62, 51, 26, 66, 32), the neural grafting in
HD patients has advanced only now, but these preliminary
results are encouraging. Although HD and PD are both ex-
trapyramidal movement disorders the extent of the brain
damage is completely different. The essential lesion of PD
involves progressive degeneration of dopamine-containing
neurons in pars compacta of the substantia nigra, resulting
in a loss of dopaminergic input to the striatum.  Therefore
the long-lasting substitution of dopamin and some other
substances, produced by fetal mesencephalic tissue grafted
into undamaged striatum, appears to be adequate therapy
in PD patients. On the other hand, in HD patients the par-
tial necrosis (selective degeneration of the striatal neurons),
followed by atrophy and subsequent gliosis within the stria-
tum (but also in cortex and some other brain regions) re-
presents very complex terrain for the fetal neural graft
outgrowth. The typical symptoms of HD (severe impair-
ments in both motor and cognitive functions) results from
the loss of inhibitory connections in the corticostriatopalli-
dal circuit. Hypothesis suggests that neural graft (particular
of the fetal mesencephalic tissue) would be capable, at least
partly, to reinstate inhibitory GABA-ergic control of the
pallidal output neurons resulting in alleviation of the above-
mentioned impairments.

New approaches in neurotransplantion research

Except the both of latter therapeutic strategies, i.e. xe-
notransplantation and neuroprotection, in which the po-
tentials and applications have not been satisfactory
clarified yet on the experimental level, the other alternative
sources for the neural grafting are continually sought.

It would be of enormous benefit if human neural tissue
could be generated in vitro. It has been now established
that pluripotent embryonic stem (ES) cells from the mouse
blastocyst can be propagated in culture and differentiated
into a range of tissues, including neuronal and glial cells. In
other studies, more-restricted neural stem cells have been
isolated from both the developing and adult rodent brain
(63).

A large number of papers are focused on the transplan-
tation of neural stem or progenitor cells cultured from em-
bryonic subventricular zone (SVZ) or from the same region
- subependymal layer (SEL) or subventricular layer/zone
(SEL/SEZ) of lateral brain ventricles - in adult individuals
(e.g. 24, 45, 5). During the embryonic period,  SVZ dela-
minates from the ventricular zone (therefore this term
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Animal models have allowed extensive research into
therapeutic strategies for HD: (a) pharmacological strategy
– e.g. replacement of the transmitter, (b) surgical strategy –
replacement of degenerated neural tissue by neural graft.
The first strategy, i.e. pharmacotherapy is difficult because
of the extent and complexity of the damage to the brain
functions. Recently, the systemic administration of gluta-
mate antagonist (riluzole) has been under clinical investi-
gation and the obtained data suggests that it may be
effective in the symptomatic treatment of chorea in HD pa-
tients, but its role in slowing the disease process is unclear
(56). On the other hand, a large body of the papers related
to the neural transplantation in animal models (of HD as
well as PD) have convincingly demonstrated that grafted
tissue (mostly of the ventral mesencephalon/striatum) inte-
grates well with the lesioned host brain tissue and improves
motor, and partly also cognitive functions (e.g. 14). The
first transplantation of fetal striatum into the kainic acid-le-
sioned rat brain was carried out in 1983  (18). Even though
animal neurotoxic models of HD are not fully equivalent to
HD in humans, which is a bilateral, progressive disease, as-
sociated with multiple degeneration, they allow us study
different capabilities of the fetal neural graft and conditions
important for successful neural transplantation.

Recently, the hemizygote transgenic mice (with expan-
ded CAG repeats at IT15 locus of HD gene) exhibit pro-
gressive neurological phenotype similar to the motor
symptoms of HD (8). Surprisingly, the effect of intrastria-
tal neural grafting in these transgenic animals is not similar
to that into the neurotoxic lesion. Although these grafts
were seen to survive and normally differentiate within the
host striatum, their behavioral effects were only small, par-
ticularly on the profound neurological deficiency of the
transgenic mice (19).

Neural transplantation in Huntington’s 
diseased patients

The encouraging results of animal experiments, ob-
tained during nearly 20 years, and the absence of pharma-
cotherapy have initiated the clinical trials of fetal neural
tissue grafting.

In 1994, the “European Network for Striatal Trans-
plantation in Huntington’s Disease” - NEST-HD (equiva-
lent to NECTAR group for transplantation in Parkin-
son’s diseased patients) was established, and later the
European register of HD patients was also created. The
lack of consistent evaluation in these first patients has led
to the development of standardized evaluation tests of HD
patients prior to and following grafting - Core Assessment
for Intracerebral Transplantation in Huntington’s Disease
(CAPIT-HD) protocol (55), and Unified Huntington’s
Disease Rating Scale (UHDRS) scoring; neuropsychome-
tric testing is also carried out. For non-invasive in vivo eva-
luation (detection and quantification) of transplant functi-
on  (regional changes in metabolism and blood flow within

the brain etc.)  the  PET (Positron Emission Tomography)
or SPECT (Single Photon Emission Computer Tomography)
and/or MRI (Magnetic Resonance Imaging) are used re-
peatedly particularly following surgery (e.g. 54, 4, 57).

The first neural transplantation in a HD patients perfor-
med by Madrazo in 1990 (47,48) and, surprisingly, also in
Czechoslovakia by Šramka in 1991 (64) was indeed only
experimental. After an interval that lasted several years,
a new wave of transplantation in a larger number of pati-
ents suffering from HD began in 1996.

In 1966 and 1997, the group headed by Dr. O. Kopyov
from the Neuroscience Institute at the Good Samaritan
Hospital, Los Angeles, performed the transplantation of fe-
tal mesencephalic tissue on ten patients (20) and then on
a further three HD patients (54, 38, 57). Each patient re-
ceived bilateral grafts of lateral ganglionic eminence from
five to eight donors, placed into the caudate nucleus (one
graft on each side) and the putamen (four grafts on each
side). All patients were evaluated using the UHDRS, neu-
ropsychological tests and MRI three months prior to, and
six months up to a year after the surgery. Cyclosporin im-
munosuppression was also carried out. Seven of all grafted
patients demonstrated the strong improvement in their HD
symptoms; in 2 patients there was a moderate improvement
(30-50% on UHDRS score), in 3 of the patients only a mild
improvement (20-30% on UHDRS score), and in one pa-
tient, who had a cerebral hemorrhage which was removed,
there was no improvement observed during the three
month post-operative period .

A neural transplant program was also initiated at the
University of South Florida in 1998  (27,28,33). Seven pa-
tients underwent bilateral stereotactic transplantation of
the fetal mesencephalic tissue (far-lateral ventricular emi-
nence) from donors aged 7.5-9 weeks; subjects received 2-8
striata per side placed into the caudate and putamen. Cyclo-
sporin was administrated 2 weeks before and 6 months post
surgery. Patients were evaluated using UHDRS scoring and
neuropsychometric testing every 3 months for 12 months
prior to and up to 2 years post surgery. PET scan evaluati-
on was also used. The improvement was evident in four pa-
tients, only mild in 2 patients (in one of them developed
subdural hematoma which was removed without complica-
tion), and the state escalated in one patient who experien-
ced bilateral subdural hematoma - clinical status improved
following evacuation of hematoma but never returned to ba-
seline. One patient died 18 months after transplantation
from a myocardial event. Histological analysis demonstra-
ted well developed grafts that partially filled the diseased
striatum; tyrosine hydroxylase-positive host nerve fibers
grew into the striatal-like patches of neurons within the
graft (29).

Concurrently, in France (at the Faculty of Medicine in
Creteil) the group headed by Dr. A. Bachoud-Levi and Dr.
M. Peschanski also began neural transplantation in HD pa-
tients (52, 6, 7). Five patients were followed-up according
to the above-mentioned protocol at least 2 years before and
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should not be used in adult individuals); it is most promi-
nent in primordia of basal ganglia (e.g. 22). During the de-
velopment, the SVZ generates cells destined not only for
the adjacent basal ganglia (50) but also for structures in the
forebrain, including the diencephalon (41) and cortex (17).
In the postnatal period and also in adulthood, it is defined
as a secondary (postnatal) proliferative region underlying
the ependymal layer in the forebrain of all mammals, inclu-
ding the human (e.g. 30).

However, if the SEL contains the largest concentration
of dividing cells in the mature brain, it might be also indu-
ced to become an endogenous source of glia and neurons
participating in brain repair. Continuous neurogenesis was
clearly demonstrated in two brain regions only: (a) in SEL
of the lateral walls of lateral cerebral ventricles, from whe-
re (particularly from the most rostral part) newborn cells
migrate along the defined pathway called rostral migratory
stream – RMS, (b) to the olfactory bulb, where they diffe-
rentiate into new interneurons (44), (c) in the subgranular
layer of the dentate gyrus of the hippocampus, the site of
origin of the granular cells of the dentate gyrus (40).
Neurogenesis in SEL in relation to other brain regions has
not been proved yet. We do not know, however, whether
these new cells are capable to reconstruct fully functional
neuronal circuits (14) and whether the precursors in em-
bryonic and adult SEL are equivalent. It was proved that
the postnatal SEL is chiefly the site of gliogenesis, i.e. ge-
neration of new astrocytes and oligodendrocytes (e.g. 42).

Conclunsion

HD is a fatal disorder with unremitting progression, the
treatment of which is only palliative in comparison to PD
where alternative pharmacological and surgical therapies
are available. Therefore, the risk associated with trials of
neutral transplantation in HD patients is more reasonable
in relation to potential benefits than similar trial in patients
with PD. Following the experimental results and  clinical
trials it is proven that fetal neural transplant within the
brain of  HD patients (1) can survive for a relatively long
time, (2) is not affected by neurodegenerative process
which destroys striatum, and  (3)  HD gene is not carried
within the neural graft. Even though views concerning the
justification of clinical application of neural grafting in HD
patients are not uniform (e.g. 15, 53, 12), it is presently the
only available method to reduce at least the consequences
of the devastating neurodegenerative disorder and to slow-
ing down its progression. However, it is necessary to carry
out further investigations to extend our knowledge concer-
ning neural graft abilities, the new sources of tissues (xe-
notransplantation) or cells for grafting - neural stem or
progenitor cells, genetically engineered non-neural cells etc.
It must be stressed that the stem cell transplantation and
gene transfer for in vivo or ex vivo modification of either
non-neuronal cells or neural cells are conceptually different
from the use of primary neuronal fetal human tissue.  With

the aid of cell cultures, we are able to attain a quantitative
amount of information just by experiments in vitro.
However, because of complicated microenvironment of the
CNS it is necessary to finish these experiments by their
application in vivo.

In contrast to other neurodegenerative diseases such as
PD or Alzheimer’s disease, genetic testing can positively
identify those individuals who are predestined to develop
HD prior to the development of extensive neuropathologi-
cal and clinical symptoms. Therefore, there is an opportu-
nity in the future to delay or diminish clinical symptoms by
developing effective neuroprotective strategies for HD pati-
ents. Many additional studies need to verify all these above-
mentioned possibilities.
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should not be used in adult individuals); it is most promi-
nent in primordia of basal ganglia (e.g. 22). During the de-
velopment, the SVZ generates cells destined not only for
the adjacent basal ganglia (50) but also for structures in the
forebrain, including the diencephalon (41) and cortex (17).
In the postnatal period and also in adulthood, it is defined
as a secondary (postnatal) proliferative region underlying
the ependymal layer in the forebrain of all mammals, inclu-
ding the human (e.g. 30).

However, if the SEL contains the largest concentration
of dividing cells in the mature brain, it might be also indu-
ced to become an endogenous source of glia and neurons
participating in brain repair. Continuous neurogenesis was
clearly demonstrated in two brain regions only: (a) in SEL
of the lateral walls of lateral cerebral ventricles, from whe-
re (particularly from the most rostral part) newborn cells
migrate along the defined pathway called rostral migratory
stream – RMS, (b) to the olfactory bulb, where they diffe-
rentiate into new interneurons (44), (c) in the subgranular
layer of the dentate gyrus of the hippocampus, the site of
origin of the granular cells of the dentate gyrus (40).
Neurogenesis in SEL in relation to other brain regions has
not been proved yet. We do not know, however, whether
these new cells are capable to reconstruct fully functional
neuronal circuits (14) and whether the precursors in em-
bryonic and adult SEL are equivalent. It was proved that
the postnatal SEL is chiefly the site of gliogenesis, i.e. ge-
neration of new astrocytes and oligodendrocytes (e.g. 42).

Conclunsion

HD is a fatal disorder with unremitting progression, the
treatment of which is only palliative in comparison to PD
where alternative pharmacological and surgical therapies
are available. Therefore, the risk associated with trials of
neutral transplantation in HD patients is more reasonable
in relation to potential benefits than similar trial in patients
with PD. Following the experimental results and  clinical
trials it is proven that fetal neural transplant within the
brain of  HD patients (1) can survive for a relatively long
time, (2) is not affected by neurodegenerative process
which destroys striatum, and  (3)  HD gene is not carried
within the neural graft. Even though views concerning the
justification of clinical application of neural grafting in HD
patients are not uniform (e.g. 15, 53, 12), it is presently the
only available method to reduce at least the consequences
of the devastating neurodegenerative disorder and to slow-
ing down its progression. However, it is necessary to carry
out further investigations to extend our knowledge concer-
ning neural graft abilities, the new sources of tissues (xe-
notransplantation) or cells for grafting - neural stem or
progenitor cells, genetically engineered non-neural cells etc.
It must be stressed that the stem cell transplantation and
gene transfer for in vivo or ex vivo modification of either
non-neuronal cells or neural cells are conceptually different
from the use of primary neuronal fetal human tissue.  With

the aid of cell cultures, we are able to attain a quantitative
amount of information just by experiments in vitro.
However, because of complicated microenvironment of the
CNS it is necessary to finish these experiments by their
application in vivo.

In contrast to other neurodegenerative diseases such as
PD or Alzheimer’s disease, genetic testing can positively
identify those individuals who are predestined to develop
HD prior to the development of extensive neuropathologi-
cal and clinical symptoms. Therefore, there is an opportu-
nity in the future to delay or diminish clinical symptoms by
developing effective neuroprotective strategies for HD pati-
ents. Many additional studies need to verify all these above-
mentioned possibilities.
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