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Chimeric brain: theoretical and clinical aspects

SERGEY V. SAVELlEV', VYATCHESLAV V. LEBEDEV', MICHAEL B. EVGENIEV3
and LEONID I. KOROCHKIN3.4'

1IInstituteof Human Morphology, 2SkliphoSDvsky Institute of Emergency Medicine, Russian
Academy of Medical Sciences, 3/nstitute of Gene Biology and "KoJ'tsov' Institute of

Developmental Biology, Russian Academy of Sciences, Moscow. Russia

ABSTRACT Using xeno-transplantation, interactions of neural tissues of vertebrates and insects
were studied. Ventral neurogenic primordium of Notch Drosophila melanogaster embryos was
transplanted into neural tube of amphibian and mammalian embryos with the aid of micro-
hydrofeeding. Embryos of four different amphibian species. random bred mice and rats were used
as graft recipients. It was concluded that there is a possibility to incorporate nerve cells of insects
into the brain of vertebrates. Morphological and functional contacts can be established between the
transplanted cells and host brain tissues. Transplanted Drosophila cells preserve their viability for
a long time, so that a prolonged influence of the transplant upon the recipient can be predicted,
which may be used in medical practice. A mixture of human fetal brain and Notch Drosophila
melanogaster neural embryonic tissues were transplanted into the ventro.lateral nucleus of the
thalamus of the patients of Parkinson' disease. As a result, tremor and constrained movements
disappeared. Post-operation patients have been observed within 13-38 months. No side effects
were noted during this time.
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Introduction

Despite some problems of developmenlal neurobiology and
neurogenetics, the method of neural tissue transplantation has
proved to be successful when an embryonic tissue is grafted
(Giersberg. 1935; Korochkin, 1981). For instance, nerve tissue
from Spraig-Dowley ral embryos was grafted into the anterior
thalamus of adult Wisfar rats; the donor cell survived for three
months (Low st al., 1983). The most interesting results were
obtained using xeno-transplantation in amphibians. In this case, a
genetically determined behavior of the recipients was altered
according to the donor type (Giersberg, 1935; Andres and Rossler,
1977; Alexandrova and Poletaev, 1984). These results suggest
possible co-existence of cells from different animal origin.

Such a possibility was demonstrated for the first time in trans-
plantation of tissue fragments from mouse embryos into early
gastrulae of toads (Barbieri et al., 1983). Amphibian embryos with
grafted mouse tissue fragments survived for three days; no differ-
entiation of mouse grafted tissue was observed.

No attempts have been made to "combine" nervous systems of
vertebrates and insects in vivo, although the compatibility of the
nervous system cells of vertebrates and invertebrates was demon-
strated in tissue cultures (Chen and Chen, 1971). In these experi-
ments, it has been shown that synaptic contacts and functional

relations are formed between the cells of cockroaches and birds.
Our first attempts to "combine" embryonic nervous systems of
insects and amphibians were unsuccessful (Saveliev sf al., 1989).
After transplantation, cells of the Drosophila neural primordium
were phagocytized by recipient amphibian tissue. Then, we could
perform more successful experiments involving transplantation of
embryonic nerve cells of Drosophila into neural tube of amphibian
embryos (Saveliev st al., 1990; Korochkin st al., 1991). In these
experiments, we used fragments of neural primordium of Dro-
sophila Notch mutant (N84k35), located 1-3.5 (ivanov and
Sacharova, 1989). In the mutant, a whole venlral (and partially
dorsal) ectoderm was transformed into nerve tissue, and its con.
tamination by other cells was minimal (Korochkin et al., 1991).

Results and Discussion

Xenograft experiments in amphibians
The results of transplantation of NOM neural primordium into

neural tube of amphibian embryos proved to be different in
various amphibian species. In urodeles, the compatibility be-
tween donor and recipient tissues was very low. During the first

A.bbrt'l'iatimH uv'd in fhil 1}(Ilm-:~[)\t, notch mutant of/Jrol/ll!hiltj 1TIt'/(l/WJ;(/ltn;
TRITe. IClramclhylrhodamine i~othiUl'y;male.
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two days atter transplanration, the host embryos developed
without any visible morphological changes. However, within the
three fOllowing aays we aOserved morphological and histological
changes in the emoryos. Amoeba-like cells with lobopodia ap-
pearea on tns suriace at the heaa ectoderm and brain. Thesecells
migrated from emoryonlc tissues over the bottom of the neural
plate. Histological analysis revealed that these ameboid cells
were "pooriy differentiated" neuroDlasIs, neural crest and ectoderm
cells. The process of their "dedifferentiation" was accompanied by
cell death. Nuclear chromatin underwent significant changes as
well. The cell nuclei became rounded, the chromatin stretched in
one direction and became evenly distributed within the enlarged
nuclei. Then, uniformly distributed grains of chromatin were
formed, often followed by cnromatin compactization and finally,
by cell death.

Analysis ot anuran ernoryos showed that transplantation of
Drosopmla mutant cells into neural tube of these embryos was

successful. The donor cells were visualized inside the third or
fourth brain ventricle and into the host neural tissue of ampnibian
emoryos, as well as in mammalian brain (see below) using three
methods: (1) morphological examination (very small Drosophila
cells are easily distlngUisned from large amphibian cells) (Fig. 1A);
(2) TRITC-Iabeling of the graft cells (Figs. 1Band 2A); (3) in situ

hybridization of histological sections with DNA of copy-like genetic
mobile elemems, which are absent in amphibians (Fig. 1C).
Drosopmla nerve cells were differentiated and formed ganglia,
neuropile and proliferative zones; synaptic contacts were also
observed (Fig. 2B).

It was shown that insect tissue could be located inside of any
brain ventricle. However, the preferential localization occurred
inside the third ventricle or around the plexus chorioideus, otten
observed aUring the late stages of development of the recipients.
It is likely that the transplanted tissue was well adapted to a
composition of the spinal cord fluid, since in our expenments no
massive cell death was found.

The survival rate ot transplamed tissue in anurans was similar
to that in urodelians. The longest period of survival of the recipients
(Xenopus faevis embryoS) was 6 months after transplantation.
Drosophila cells differentiated on the third and fourth days after
transplantation in both, urodelians and anurans. They formed a
neuropile ana transTOrmed into unipolar, bipolar, and multipolar
neurons. Ganglion-like cell associations were found as well (Fig.
2C). Such structures were distributed inside the neuropile and at
the margin of the donor tissue. The ganglia, consisting of the
transplanted cells, contained a neuropile. Nerve cells surrounded
a central region tnat organized the connections with the recipient
brain tissue. Mix-type ganglions consisted of both, insect and
amphibian nerve cells. All ganglia were connected by axon-
dendrite fibers with the aonor's neuropile or recipient's brain. New-
formed structures, originating from Drosopnila neurons, appeared
on the internal walls ot the recipient brain ventricles, as well as on
the ganglia. Axons and dendrites of Drosophilacells penetrated the
brain wall of X. laevis. The ependyma cells lining the ventricle walls
were used as substrate for growth. Axons of Drosopnila were
translocated using the cilia of epenayma cells, which protrude into
ventricular cavity (Fig. 2D).

We found morphological associations between amphibian neu-
rons and Drosophila cells penetrating the amphibian brain at 50th
and 180th days after transplantation. The penetration of Dro-

sophila cells into brain structures was accompanied by the forma-
tion of cavities. Ganglion-like structures of mixed type were formed
inside these cavities. A multipolar amphibian neuron was located
in the center of this cell group, while Drosophila cells surrounded
it. Drosophila nerve cells used a host neural tissue as a substrate
for migration of their axons and dendrites. Similar associations also
appeared inside the brain ventricles.

Melanin-containing amphibian cells were usually located in the
center of such cell groups. We found a large melanin accumulation
in the region of Drosophila cells at the 49th day after transplanta-
tion. Also formation of synaptic contacts took place at the surface
of the ependyma cells. The regions of Drosophila cell proliferation
did not depend on the age of transplanted tissue. Typically, they
consisted of compact groups of undifferentiated Drosophila cells
outside a major part of neuropile. Presence of proliferative zones
probably compensated the death of Drosophila nerve cells. re-
vealed six months after transplantation.

In anuran embryos the difference in growth rates between
experimental and control animals was observed (Fig. 3). Develop-
ment of experimental animals was accelerated. They passed
through metamorphosis 10-11 days earlier and were larger than
control animals. After six months of the transplantation, the differ-
ence in weight between control and experimental animals was
about 1.5g.

There were also some differences in behavior reaction of
experimental and control animals. To reveal these differences, we
ran an expenment to compare the "surfacing reaction" in control
and experimental X. laevis at adult stage.

The time of active attempts before surfacing and also the time
of animal movements between the top and bottom platforms, as
well as the number of searches between surfacing attempts,
preference of the left-right exit of the top platform and the number
of returns under the bottom platform after an inhale were recorded.
All animals were examined daily for a week, and sometimes twice
a day. Two groups of experimental frogs, e.g. carrying NDM nerve
cells marked byTRITC or unmarked NDM cells, were studied. After
50 test series the frogs were anesthetized, the brains were iso-
lated. fixed by 4% formaldehyde, and passed by light and scanning
electron microscopy.

Our experiments showed that the mean value interval between
surfacings was 3-4 min for 3.5-6g frogs. However, they could stay
under water for 3 h without noticeable negative consequences. At
the same time, the experimental animals were active only half of
the time, and they were more calm than the control ones. The
number of surfacing attempts was similar in both groups with a
double number of exits from the labyrinth forthe frogs with chimeric
brains. However, we should note that this is only true for the
experimental animals whose brains contained Drosophila cells not
marked with TRITC.while fhe frogs with TRITC-marked cells were
as active as the control ones. The latter searched for an exit from
the labyrinth twice less frequently. Probably, the differences be-
tween these two experimental groups are determined by a toxic
effect of TRITC because we registered a retardation in the devel-
opment of the animals with transplanted cells marked by TRITC.
Only after the metamorphosis they showed ~he same (or even
faster) growth rate as control frogs.

There was also a considerable difference in the learning
capacity of the animals, while each of them gained its own
experience. Control frogs, just as the experimental ones, pre-



ferred the exit from the right hole of
the top platform and returned to the
bottom platform in more than halt of
the cases.

Summarizing the results of our
xenotransplantation experiments in
amphibians, we can conclude that
Drosophila neural primordium trans.
planted into amphibian neural tube
differently affects brain development
in Urodele and Anura species. The
compatibility of the nerve tissue of
Drosophila and urodeles is probably
low. Differentiated donor cells may
synthesizepeptidesand other active
neuro-specific substances which
could cause "dedifferentiation" of re-
cipient brain cells and surrounding
tissue. Metabolic products of these
nerve cells can affect the nuclear
apparatus of recipient cells, because
some changes in chromatin package
have been found.

The transplantation of Drosophila
neural primordium into anuran neu-
ral tube did not cause abnormalities
or death of the recipients. Differen-
tiation of transplanted Drosophila
cells did not affect the recipient's
brain morphogenesis. Connections
were formed between Drosophila and
frog cells by penetration of Drosophila

cells into frog brain, from one side,
and penetration and differentiation
of amphibian neuroblasts inside Dro-
sophila grafts, from the other one.

Counter neuroblast migrations are
probably specific for transplantation
of embryonic nerve tissue. Similar
results were obtained aftertransplan-
tation of brain tissue fragments ob-
tained from 16 day old rats into the
cerebellum of 1 to 2 day old rats
(Jaeger and Lund, 1982).

The behavioral experiments sug-
gest that the experimental frogs were
twice more effective in escaping from
the labyrinth than the control ani-
mals. A non-specific influence of Dro-
sophila neurons on recipient brain
can be proposed. It is possible that
these differences were caused by
changes in melanin metabolism (Barr
et a/., 1983). Decreasing the number of pigment cells in the
experimental animals may affect an associative brain system in
frogs (a high efficiency in finding the exit from the labyrinth was not
associated with increased animal movement). The level of melanin
in amphibian central nervOUS system is high. It can be suggested
that the level is determined not only by initially high pigment
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Fig. 1. Drosophilagrafted cells which were

visualized into amphibien or mammalian em-
bryonic brain tissue using different methods.
(A) Morphologicalmerhod' small Drosophilacells
(arrowhead) are easily disrmgulshed from rhe giant

amphibian cells. (B) TRiTC labeling of the graft
(arrowhead) into mouse brain, (Cl/n situ hybndiza-

tion on histological secrions with DNA of cop v-like

generic mobile elements. which are absent in
amphibians (dark field)

concentration in the egg (Kordylewski, 1983), but also by a possi-
ble metabolic intluence of the transplanted Drosophila cells. These
metabolic changes can be caused by a production of biologically
active substances by proper Drosophila neurosecretory cells or
through a stimulation of the grail cells by recipient' neuro.endo.
crine system.
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The results indicated to a possibility of

association between vertebrate and in-
vertebrate neural tissues, interconnection
of insect nerve cells with the central nerv-
ous system of amphibians and mammals
could be most probable. To explain the
low compatibility of neu ral tissue of insects
and urodelians, we can assume that after
differentiation of the transplanted cells,
they begin to produce some peptides or
neuro-activesubstances which maycause
"dediHerentiation" of brain cells and sur-
rounding tissues of urodelians.

The transplantation of Drosophila neu-
ral primordium into neural tube of anuran
or mammalian embryos did not cause
any abnormalities or death of the recipi-
ents. Morphological and functional con-
tacts were established between the neu-
rons of Drosophila and recipient brain.
These contacts influenced the rate of
development and behavior of the recipi-
ents. It is likely that morphological in vivo
cooperation between neural celis of dif-
ferent animal origin may be used for
predictably controlling of brain activity.
There are several reasons for such a
conclusion. Firstly, there is a certain de-
gree of compatibility between insects
nerve cells and brain celis of vertebrates.
Secondly, morphological and functional
contacts can be established between the
transplanted and recipient cells. Finally,
transplanted Drosophila cells preserve
their viability for a long time, so that a
prolonged influence of transplant upon
the recipient is possible.

There is one additional feature of Dro-
sophila neural primordium cells which make distant xenografting
the most attractive method of purposeful action on the brain. Since
Drosophila genome is well studied, we have a possibility to obtain
mutant strains with nerve cells of necessary metabolic type, which
may be used in medical practice.

Fig. 2. Drosophila graft differentiation into amphibian brain tissue. (A) TRITC-Iabeled graft (arrow-
head) in the cavity of the IVth ventricle of Xenopus laevis brain. 18) Synaptic contact (arrowhead) in the
graft (transmission electron microscopy). (C) Ganglion-like cell associations, which were formed into the
graft (scanning electron microscopy). IDI Ependyma cells lining the ventncle walls and the axons of

Drosophila nerve cells which protrude into ventricle cavity (scanning electron microscopy).

Xenograft experiments in mammals
Analysis of mammalian brains at different periods after trans-

plantation showed that grafted Drosophila cells were differenti-
ated within 24 h, i.e., much faster than in the experiments on
amphibians. The degree of morphological association between
grafts and recipient' neural tissues resembled those above de-
scribed (Fig. 1B). However, we observed some features specific
only for mammals. Due to a fast differentiation, Drosophila cells
did not migrate far from the site of their injection. Cell death (at 20-
30%) was noted within the first 24 h after transplantation. Later,
the situation was stabilized, and no further significant cell death
was observed during the following two months. In mammals, we
did not observe proliferation of Drosophila cells and formation of
a cicatrix. Just as in amphibians, the donor cells stimulated
vascularization of the transplant and surrounding brain structures
of the recipient. The transplant was capable to form the connec-
tions with the recipient brain cells and to stimulate a growth of

mammalian nerve processes into neuropile. However, undiffer-
entiated cells did not retain the capacity for proliferation. Viable
Drosophila cells were found both in young rats and adult mice two
months after transplantation.

Parkinson disease: fetal and xenogenlc neural tissue trans-
plantations

Analysis of transplantation of human fetal tissue into the brain of
patients with Parkinson disease revealed a relatively low efficiency
of this approach (Olson, 1990; Madrazo et al., 1991; Rosenfeld el
al., 1991). The use of fetal tissues isolated from the adrenal cortex
and mesencephalon of human fetuses gave an evident therapeu-
tical effect in 3-5% of cases, although the health condition of
patients somewhatimproved (Kupsch etal., 1991; Landvall, 1991).

Numerous attempts for human fetal tissue transplantation were
based on a slightly modified operation scheme proposed as early
as 1982 (see Olson, 1990; Landvall, 1991; Rosenfeld et al., 1991).
A general strategy in clinical application of transplantation of fetal
tissues into the brain of patients with Parkinson disease consists of
a selection of patient groups, a search for the optimal injection sites



of cell suspensions, elaboration of new transplantation techniques,
use of cell cultures for transplantation, and stimulation of grahs by
various growth factors (Henderson et al., 1991 a,b; Rosenfeld et al.,
1991; Iacono et al., 1992; Sawle et al., 1992). However, both
experimental and clinical modifications of transplantation of human
fetal tissues into the brain of patients with Parkinson disease have
not led to expected results. The effect offetal tissue transplantation
decreased gradually within 6 to 12 post-operation months (Freed
et al., 1990; Quinn, 1990; Subrt et al., 1991). Note that evaluation
of results is very difficult due to individual features of the patients
and variety of the operation schemes (Freed et al., 1990; Madrazo
etal., 1990; Quinn, 1990; Menei etal., 1991; Subrt etal., 1991).

The results of more than 200 operations with human fetal tissue
transplantation for treatment of Parkinson' disorders allowed us to
reach two general conclusions. Firstly, the probability of stable
therapeutic effect after fetal tissue transplantation is very lowand
does not exceed 2.5%. Secondly, modifications of already known
methods of human fetal tissue transplantation apparently will not
result in a significant progress of the surgical treatment of the
disease. These conclusions are borne out by the attempts of
different authors to provoke an interest of scientists and clinicists
to create genetically modified cells with determined properties, to
stimulate a differentiation of the transplanted cells by different
growth factors, to use the so-called "dophaminergic transplants"
obtained from cultivated in vitro human fetal tissues, and to test a
possibility of animal brain tissue transplantation into the brain of
humans (Olson, 1990; Staal etal., 1990; Madrazo etal., 1991). We
concluded that mixed fetal-xenogenic transplantation may in-
crease the efficiency of such a treatment. Here we present the first
results on fetal and xenogenic tissue transplantation in the patients
with Parkinson disease being upon observation for 6-12 post-
operation months.

The first patient was a 43 year old woman with bilateral rigid-
tremor form of Parkinson disease at stage 3-4. The woman could
not move and serve herself. She suffered from the disease for eight
years. During operation, the right-side cryotomy of the thalamic
ventro-Iateral nucleus was made. The cryotomic topology was
based on the fact that the leh extremities were firstly affected.
Within 10 min aher the cryotomy, 2 ml of a mixture of human fetal
and xenogenic tissues (1000:2) was injected. Tremor and rigidity
disappeared already onthe operating table. Aherthe operation, the
patient was able to move and serve herself. Nine months later, a
similar cryotomy of the left ventra-lateral nucleus of thalamus was
performed. No signs of disease relapse or sieje effects of the
transplantation were observed during 13-38 post-operation months.

The second patient was a 49 year old man with bilateral rigid-
tremor form of the disease (stage 3-4) that had appeared seven
years ago. Before transplantation of human fetal and xenogenic
tissues, he had been operated twice. Firstly, the cryotomy of the
thalamic leh ventra-lateral nucleus was performed. The effect of
this operation lasted for one month. Then, health condition of the
patient deteriorated to the pre-operative state. Three years later, a
similar operation was repeated but it did not change the patient
health conditions. Six months later, the patient was subjected to
transplantation of the cell mixture in accordance with above de-
scribed scheme. Examination of the patient after the operation
showed the absence of tremor and constrained movements.
During 32 months of observation we did not reveal any relapse or
side effects.
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Fig. 3. Control and experimental X. laevis after transplantation.
Development was accelerated in experimental animals (arrowhead), They
passed through metamorphosis by 10-11 days earlier and were larger than
the control animals.

The third patient was a 60 year old woman suffering fram the
bilateral rigid-tremor form of Parkinson disease for 10 years. In the
course of operation, the thalamicventro-Iateral nucleus was cryo-
destroyed on the left side of the brain without injection of the mixture
of neural cells. At the same time, fetal and xenogenic tissue mixture
was injected into the right ventro-Iateral nucleus of thalamus without
its cryo-destruction. Tremor and constrained movements on the right
side disappeared directly aher cryo-destruction of the leh thalamic
ventro-Iateral nucleus. The effect of cryo-destruction weakened
within four months aher the operation. On the leh side of the body, all
specific signs of disease were preserved at the moment of transplan-
tation. However, two months later, the tremorand rigidity on the left
side disappeared. Thus, the positive effect of transplantation mani-
fested itself only after two first post-operation months, and it was
preserved within seven months after transplantation. These results
indicate that it is possible to use transplantation of human fetal and
xenogenic tissues for treatment of Parkinson' disease.
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Fig. 4. Drosophila graft differentiation into human brain (A) Drosophila nerve cells and neuropil (arrowhead) formed inside human brain 181

VascularizatIOn (arrowhead) of transplantation region of human brain. IC~ Drosophila cells (arrowhead) inside human brain. In situ hybridization wlrh DNA
probe of copy~like element of D. melanogaster (dark field) .

Two operation strategies used were characterized by different
application of transplantation injections. A combination of cryo-
destruction with cell transplantation had an immediate positive
effect. However, in this case the fast improvement of the patient's
health conditions was due to cryo-destruction rather than to trans-
plantation of fetal and xenogenic tissues. After the transplantation,
positive therapeutic effect manifested itself only on 1.5-2 months.
We suggest that during that time transplanted human brain fetal
tissue can start to differentiate under influence of the xenograft,
and their common "activity" began to affect positively the patient'
health conditions.

We also had the possibility of studying autopsy material ob-
tained from one patient (with Parkinson disease at 3-4 stages)
treated in accordance to our technique, whose death had been
caused by non-neural disorders (Figs. 4A,C). There were no
histological signs of the cicatrix between a host brain and trans-
plant (Fig. 4A). Transplanted tissue consisted of large multipolar
neurons whose size was 2.5 times larger than that of thalamic
cells. Neurons and Drosophila cells formed the contacts, mainly
by collateral axons. In this area, there were a lot of Drosophila
cells, which formed the neurogile characteristic for insect neural
tissue (Fig. 4A). However, this neurogile included fetal human
neurons. Neuronal fibers of the host and transplanted neurons
penetrated one to another. Under low magnification, bundles of
neuronal fibers connected host brain and transplanted tissue.
Bundle size suggested that the tibers consisted of 50 to 200
neuronal processes. Processes of these multipolar neurons,
similar to pyramidal cortex neurons, spread both in the host brain
and in transplanted tissue.

Capillaries and arterioles penetrated between transplanted and
host tissue (Fig. 4B). Capillaries disposed in parallel with neuronal
fibers. Some of the transplanted neurons disposed on the surface
of endothelial capillary cells. Neurons grouped around capillaries
were characterized by short processes and part of them penetrated
inside capillaries. However. capillaries had no macrophages and
leukocytes inside them. Neurons without long processes, which
were disposed near the capillaries, had all morphological signs
typical for secretory cells.

These data are confirmed by the results of autopsy examina.
tion of the patients treated by fetal tissue transplantation (Zabek
ef al., 1992). It has been shown that, within five post-transplanta-
tion weeks, dophaminergic cells injected into the head of caudate
nucleus survived, differentiated and displayed the positive tyrosin
hydroxilase immunohistochemical reaction. Using the transplan-
tation therapy, it is logical to observe the same time-retention in
development of positive therapeutic effects, as remote results
which are determined by differentiation of the injected tissue.
However, the data obtained suggest that a major part of the
effects observed was caused by surgery rather than by cell
transplantation.

The results obtained allowed us to reveal both positive and
negative aspects of transplantation of fetal and xenogenic tissues.
The advantage of this approach is the possibility to treat Parkinson
disease at advanced stages which usually relapse after the stere-
otaxic standard interierence. The most important result is the
possibility to use a mixture of human fetal and xenogenic tissues
without cryo-destruction of the brain. The reduction of brain injuries
may be very important for a recovery of brain functions under
stimulating influence of fetal-xenograft. The use of a mixture of
cells obtained from different animal species is a successful combi-
nation of undifferentiated structural elements of human embryonic
nervous tissue and growth factors secreted by transplanted cells.
Virtually, the use of neural primordia of different mutants and
strains of invertebrates makes accessible an application of already
obtained cell lines with known properties. However, some prob-
lems still remain. One of these is connected with the difficulty of
isolating sufficient amounts of neural embryonic cells and their
cryo.preservation.

Summarizing our xeno-transplantation experiments in amphibia

and mammals, we can conclude that Drosophila neural anlage
transplanted into the brain influences on its development and does
not cause any abnormalities or neuron death in recipients. Morpho-
logical contacts are formed between the neurons of donor and
recipient neural tissues. These results suggest that there is a
possibility of association between the nervous system of verte-
brate and invertebrate animals. It is important that Drosophila



transplanted cells preserve their viability for a long time. so that a
prolonged influence of transolanfs upon the recipient could be
possible. It is attractive to introduce in recipient organism, using
Drosophilacells. a certain mammalian genes, which are important
for nerve cell differentiation, under the controlled promoter.

Materiafs and Methods

Transplantation in amphibians
As donor tissue. we used the ventral neurogenic primordium of Notch

mutant embryos of D. melanog8ster (NOM). NOM was produced and
selected in our laboratory; it is characterized by neural transformation of
ventral ectoderm; N84k35 mutant embryos were used in ourexperiments.
After mechanical removal of chorion, the embryos were isolated at stage
9 (Bowness, 1975), dissected with needles. and neural primordium
pieces were isolated. Groups of cells so obtained were collected into
micromanipulator-mounted glass caoillaries (100-200 Il of diameter,

MM-1 micromanipulator, Russia) and injected into neural tube of amphib-
ian embryos by micra-hydrafeeding.

Hynobius keyserlingii, Pleurodeles waltlii. XenODus laevis and Rana
arva/is embryos were used as recipients. Transplantation was carried out
immediately following the neural tube closure. Recipients were fixed within
hours (2-20) or days (2, 3. 5, 14, 49, 50 and 180) after the operation. For
light microscopy, the material was fixed in Carnoy or Bouin solutions, or in

4'%.formaldehyde. The amphibian heads were embedded in paraffin wax.
Serial sections (10 Ilm) were attached to slides and stained by Mallory or
haematoxylin-eosin. The sections were impregnated with 1'% AgNOJ.
prepared in a 10'% solution of fresh ovalbumin with ammonium chloride, for

20 h and then in 15'%,AgNOJ solution for 24 h. The sections were treated
with 1% hydroquinone in 1O~';'Na2SOJ for 5 min then, in Na2520J for 5 min,
dehydrated and mounted in Canada' balsam.

For scanning electronic microscopy, amphibian brains were fixed by
glutaraldehyde. lyophilized, and floated with gold. The samples were
examined under a Jeol100CXII electron microscope (Japan). To identify
the grafts. Drosophila cells were marked with Tetramethylrhodamine
isothiocyanate (TRITC) and fluorescein-dextran (Gimlich and Broun, 1985).

To identify Drosophila nerve cells inside the amphibian brain, we used in
situ hybridization on sections with DNA of the donor copy-like genetic
mobile elements. In these experiments. the Drosophila mdg-4 element,
which amphibians lack, was used (Vashakidze et al., 1987).

The test for behavioral analysis was based on physical necessity of
adult frogs to come up to the water surface for respiration. As it was shown
in 50 preliminary observations. time-interval between two respirations was

3-4 min for 3.5-6.0g frogs. Taking these data into account, a vertical water
labyrinth was constructed. Its walls were made of transparent plastic, while
the lower area was made of frosted glass. The lower area had a single exit
in the center while the upper one had two exits at both sides. The diameter
of each exit was 6 cm. We placed the animals under the lower area and
observed them during a 30 min cycle as they looked for the exit from the
labyrinth. Altogether, we carried out 90 cycles of observations recording the
total time of active search. number of search periods and surfacing. At the
end of observations. the animals were narcotized, and their brains were
isolated followed by histological analysis. Altogether, over 200 transplant
experiments were performed.

Transplantation in the patients with Parkinson disease
Human fetal tissues (ventral part of mesencephalon and basal gangli-

ons of telencephalon) obtained from abortions between 14 and 18 week
were used. The isolated tissues had been ore served until operation in liquid
nitrogen for 1-3 days. It is known that such a procedure does not change

the morphological structure and biochemical properties of tissues (Nadvornik
etal..1991).

For xenotransplantation we used the Notch D. melanogasler neuro-
genic primordium. Before the operation. fetal human brain and Drosophila
neurogenic tissues were mixed as described (Saveliev et al., 1990;
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Korochkin et af., 1991). Weight proportions between fetal human tissue and
Drosophila xenotransplantat were 1000:20 to 1000:1 correspondingly. Cell
mixture was injected into ventra-lateral nucleus of the thalamus through a
micro-canule mounted on a stereotaxic device in a special cavity prelimi-
nary prepared in the thalamus. The cavity was made by the method of brain

tissue translocation using a small balloon with changeable geometry. This
device was mounted on the stereotaxic apparatus and introduced into the
brain through the micro-canule. During operation, the injecting of tissue
suspension was controlled with the aid of radiography.

Autopsy case
The mixture of human fetal brain tissues and Notch D. melanogaster

neural primordia has been transplanted into sub-cortical region of the
patient with ischemic brain syndrome and into thalamus ventro-Iateral

nucleus of the patients with Parkinson disease at the 3rd-4th stages of the
pathologic process. Death of the patients was caused by non-neural

disorders. Autopsy (time after transplantation. 1-1.5 months) of patient'
brain tissue was performed and studied.
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