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TRANSPLANTATION OF NEURAL CELLS FOR 
THE TREATMENT OF CHRONIC PAIN OR 

SPASTICITY 

BACKGROUND OF THE INVENTION 

[0001] Sensory nerve ?bers originate from neurons in the 
posterior root ganglia and enter the spinal cord through the 
posterior nerve root. The anterior and posterior nerve roots 
unite distal to the cord to form a mixed spinal nerve Which 
further combines in the cervical and lumbar areas to form the 
cervical, brachial, and lumbosacral plexuses. Each plexus 
gives rise to a number of individual mixed nerves, Which are 
distributed to the periphery to supply muscle, skin, and 
blood vessels. Small myelinated axons carry sensations for 
pain and temperature, While so-called unmyelinated axons, 
Which are invested by SchWann cell membranes Without 
sheath formation, carry pain and deeper ill-de?ned sensa 
tion. (Gilroy. 1990. Basic Neurology. Second Edition. 
(McGraW Hill, Inc.) p. 352). 
[0002] Under normal conditions, signals (induced, for 
example, by thermal, mechanical, and chemical stimuli) 
activate nerve ?ber nociceptors and these signals are con 
ducted to the spinal cord. The signals are then transmitted to 
the thalamus and cerebral cortex resulting in pain aWareness 
(Dray and Urban. 1996. Annu. Rev. Pharmacol. Toxicol. 
36:253). Ordinarily, nociceptive pain can be bene?cial in 
that it can serve as a Warning mechanism to indicate poten 
tial tissue damage. In contrast, chronic pain conditions can 
develop in Which a stimulus and the pain response are not 
related; i.e., the pain does not serve a physiologically 
protective purpose. 

[0003] It has been estimated that 10-20% of the adult 
population suffer from chronic pain. (Dray and Urban. 1996. 
Annu. Rev. Pharmacol. Toxicol. 361253). Chronic pain dif 
fers from acute pain in that it can be incessant. Chronic 
pathologic lesions, neurodgeneration processes, or pro 
longed dysfunction of parts of the peripheral or central 
nervous system can cause chronic pain. Chronic pain, for 
example, can be described as pain Which persists beyond the 
normal healing time for a disease or injury, pain related to 
chronic degenerative disease or a persistent neurologic con 
dition, pain that emerges or persists (even recurring for 
months to years Without an identi?able cause, or as pain 
associated With cancer (Markinson. 1996. Am. Journal of 
Medicine. 101: 1A-6S). Exemplary chronic pain conditions 
can be grouped into the folloWing exemplary groups: head 
ache or migraine, arthritis (rheumatoid or osteogenic), back 
pain, musculoskeletal, neurologic or orofacial, cardiac or 
visceral. 

[0004] The standard course of treatment for chronic pain 
involves a step ladder approach Which begins With non 
opioid analgesics and progresses from moderate opiates to 
potent opiates. Opiates are often used in combination With 
other agents. In this Way, a physician is able to monitor and 
adjust the dose of agent to limit the undesired side effects of 
opioids, Which include, e.g., sedation, cognitive impairment, 
myoclonus, addiction, tolerance, and respiratory depression. 
HoWever, opiods can induce nausea, constipation, confu 
sion, respiratory depression, and dependence. In addition, 
opiate tolerance is a Well documented side effect observed in 
chronic pain patients. 

[0005] Nonsteroidal antiin?ammatory drugs (NSAIDs) 
(Which are both antiin?ammatory and analgesic) and are 
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also currently used to treat pain. These classes of drugs, 
hoWever, are also not Without side effects. NSAIDs produce 
gastrointestinal disturbances, ulceration, renal damage, and 
hypersensitivity reactions. In addition, these drugs must be 
taken repeatedly to treat chronic pain and can become 
ineffective With time, resulting in tolerance to the drug. 

[0006] In addition, current treatments are simply unable to 
relieve pain in many clinically severe chronic pain disorders, 
such as, diabetic neuropathy, cervical radiculopathy, neural 
gic amyotrophy, HIV neuropathy, neuralgic amyotrophy, 
?bromyalgia syndrome, or post herpetic neuralgia. Other 
chronic conditions intractable to current medical strategies 
are associated With both peripheral and/or central pain such 
as, post spinal cord injury, muscular dystrophy, trigeminal 
neuralgia, phantom limb pain, causalgia, and diabetic and 
alcoholic polyneuropathies. In addition, spasticity of spinal 
cord origin (e.g., resulting from multiple sclerosis or spinal 
cord injury) is another condition Which often resists current 
treatments and Which can result in chronic pain. 

SUMMARY OF THE INVENTION 

[0007] This invention provides methods for alleviating 
chronic pain and/or spasticity by administering a population 
of neural cells to thereby treat chronic pain and/or spasticity. 
Preferably, such treatment results in reestablishing sensory 
neural pathWays in the subject With chronic pain. The 
present invention is based, at least in part, on the discovery 
that neural cell populations can be administered into the 
spinal cord (e.g., to the subarachnoid space or to the spinal 
dorsal horn) of a subject to treat chronic pain and/or spac 
ticity. 
[0008] In one aspect, the invention pertains to a method of 
treating a subject having chronic pain and/or spasticity by 
administering to the subject a composition comprising a 
population of isolated, primary neural cells, such that 
chronic pain and/or spasticity is treated. 

[0009] In another aspect the invention pertains to a method 
of treating a subject having chronic pain by administering 
into the spinal cord of the subject a composition comprising 
a population of isolated, primary neural cells such that 
chronic pain is treated. 

[0010] In another aspect, the invention pertains to a 
method of treating a subject having chronic pain by admin 
istering to the subject a composition comprising a popula 
tion of isolated, porcine neural cells, such that chronic pain 
is treated. 

[0011] In yet another aspect, the invention pertains to a 
method of treating a subject having chronic pain by admin 
istering into the spinal cord of the subject a composition 
comprising a population of isolated, primary neural cells, 
such that chronic pain is treated. 

[0012] In one embodiment, the population comprises fetal 
porcine neural cells. 

[0013] In one embodiment, the composition is delivered 
into the spinal dorsal horn of the subject. In another embodi 
ment, the composition is delivered into the spinal dorsal 
horn of the subject. In another embodiment, the composition 
is delivered into the subarachnoid space of the spinal cord. 

[0014] In one embodiment, the population of neural cells 
secretes a neurotransmitter. In a preferred embodiment, the 
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neural cell is a gamma-aminobutryic acid (GABA)-releasing 
neural cell. In another embodiment, the neural cell is a 
serotonergic cell. 

[0015] In one embodiment, the population of neural cells 
comprises human cells. In another embodiment, the popu 
lation of neural cell comprises fetal human cell. 

[0016] In one embodiment, the population of neural cells 
comprises neural stem cells. In a preferred embodiment, the 
population of neural stem cells is of human or porcine 
origin. 

[0017] In one embodiment, the population of neural cells 
comprises totipotent cells. In a preferred embodiment, the 
population of neural cells comprises totipotent cells that 
have been induced to differentiate. 

[0018] In one embodiment, the population of neural cells 
comprises neural cells Which have been induced to differ 
entiate into a GABA-releasing cell in vitro prior to delivery. 

[0019] In one embodiment, the population of neural cells 
comprises neural progenitor cells. 

[0020] In another embodiment, the population of neural 
cells comprises neural progenitor cells Which have been 
induced to differentiate into a GABA-releasing cell in vitro 
prior to delivery. 

[0021] In one embodiment, the population of neural cells 
comprises a neural cell Which, in unmodi?ed form, has at 
least one antigen on the cell surface Which is capable of 
stimulating an immune response against the cells in the 
subject, Wherein the antigen on the cell surface is altered 
such that lysis of the neural cell does not occur upon 
introduction of the neural cell into the subject and the 
stimulation of an immune response is inhibited. 

[0022] In one embodiment, prior to delivery, to the subject 
the population of neural cells comprises a cell Which has 
been contacted With a non-complement ?xing antibody or 
non-complement ?xing fragment of an antibody Which binds 
to at least one antigen on the cell surface Which is capable 
of stimulating an immune response against the cell in the 
subject to alter the antigen on the cell surface such that an 
immune response against the cell is inhibited. 

[0023] In one embodiment, the population of neural cells 
comprises a cell Which has been contacted With at least one 
anti-MHC class I antibody or fragment thereof, Which binds 
to the MHC class I antigen on the cell surface. In one 
embodiment, the anti-MHC class I antibody is an anti-MHC 
class I F(ab‘)2 fragment. 

[0024] In one embodiment, the population of neural cells 
comprises a cell Which has been contacted With a F(ab‘)2 
fragment of a W6/32 monoclonal antibody such that an 
immune response against the cell is inhibited. 

[0025] In one embodiment, the composition further com 
prises at least one of the agents or factors selected from the 
group consisting of neurotrophic factors and anti-in?amma 
tory agents. 

[0026] In one embodiment, the neurotrophic factor is 
selected from the group consisting of brain derived neu 
rotrophic factor, ciliary neurotrophic factor, neurotrophin-3, 
neurotrophin 4/5, nerve groWth factor, acidic ?broblast 
groWth factor, basic ?broblast groWth factor, platelet-de 
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rived groWth factor, thyrotropin releasing hormone, epider 
mal groWth factor, amphiregulin, transforming groWth fac 
tor, transforming groWth factor [3, insulin-like groWth factor. 

[0027] In one embodiment, the anti-in?ammatory agent is 
a steroid. In a preferred embodiment, the steroid is methyl 
prednisolone. In yet another embodiment, the anti-in?am 
matory agent is selected from the group consisting of 
cyclosporin A and FK506. 

[0028] In one embodiment, the neural cell is obtained 
from a pig Which predetermined to be free from at least one 
organism selected from the group consisting of Zoonotic, 
cross-placental and neurotropic organisms. 

[0029] In one embodiment, the porcine cell is obtained 
from the lateral ganglionic eminence of the striatum. In one 
embodiment, the cell is obtained from the lateral ganglionic 
eminence of an fetal pig betWeen about days 30 and 40 of 
gestation. 

[0030] In one embodiment, prior to delivery to the subject, 
the cell is contacted With a F(ab‘)2 fragment of a W6/32 or 
PT85 monoclonal antibody such that an immune response 
against the cell is inhibited. 

[0031] In preferred embodiments, the subject is a human. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a graph depicting the Weight of animals 
that received neural cell transplants and the animals that 
received control transplants Was comparable. 

[0033] FIG. 2 is a graph depicting animals that received 
neural cells (open diamonds) shoWed a reduction in abnor 
mal response to cold as demonstrated by loWer paW lift 
duration using this test. 

[0034] FIG. 3 is a graph depicting animals that received 
neural cells (open diamonds) shoWed a reduced sensitivity to 
mechanical stimuli (calibrated von Frey hairs) as measured 
by higher paW WithdraWal threshold using this test. 

[0035] FIG. 4 is a graph depicting that animals that 
received neural cells (open diamonds) had decreased paW 
WithdraWal duration to mechanical stimulation (a single 
prick) than animals that received saline using this test. 

[0036] FIG. 5 is a graph depicting that the animals in the 
study (test and control) shoWed normal locomotion 
(assessed using the Basso, Beattie, and Beshnahan modi?ed 
locomotion open ?eld test) and normal ability to transverse 
a Widely spaced Wire mesh (4x4 cm spaces) and balance 
beam. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] The present invention pertains, inter alia, to the 
discovery that allogeneic or Xenogeneic neural cells can be 
transplanted into subjects, preferably human subjects, to 
treat chronic pain and/or spasticity. The methods of the 
invention include administering a composition comprising a 
population of neural cells to a subject such that chronic pain 
and/or spasticity is treated. 

[0038] As used herein, the folloWing terms and phrases 
shall be de?ned as folloWs: 
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[0039] As used herein, the phrase “chronic pain” includes 
conditions in Which pain persists and fails to respond to 
conventional treatment. The phrase “chronic pain” includes 
pain of long duration and pain that can be medically refrac 
tory. The phrase “chronic pain” also includes pain charac 
teriZed by a persistent increase in the level of neuron 
excitability in the affected area. Exemplary chronic pain 
conditions include diabetic neuropathy, cervical radiculopa 
thy, neuralgic amyotrophy, HIV neuropathy, neuralgic 
amyotrophy, post herpetic neuralgia, post spinal cord injury, 
muscular dystrophy, trigeminal neuralgia, phantom limb 
pain, causalgia, spasticity of spinal cord origin, and diabetic 
and alcoholic polyneuropathies. 

[0040] As used herein, the term “spasticity” includes 
exaggerated tendon re?exes, clonus, and spontaneous 
muscle spasms, e.g., ?exor or extensor spasms. In preferred 
embodiments, the spasticity treated by the instant methods is 
of spinal cord origin. 

[0041] As used herein the phrase “neural cell” includes 
both nerve cells (i.e., neurons, e.g., uni-, bi-, or multipolar 
neurons) and their precursors and glial cells (e.g., macroglia 
such as oligodendrocytes, SchWann cells, and astrocytes, or 
microglia) and their precursors. 

[0042] As used herein, the term “neural precursor” refers 
to undifferentiated neural cells such as neural stem cells and 
neural progenitor cells. The term “neural stem cell” as used 
herein refers to an undifferentiated neural cell Which is 
capable of proliferation and results in additional neural stem 
cells having the ability to differentiate into neural progenitor 
cells under appropriate conditions. The term “neural pro 
genitor cell” as used herein refers to undifferentiated neural 
cells derived from neural stem cells and Which under appro 
priate conditions differentiate into neural cells, for example, 
striatal cells or mesencephalic cells. The term “neural pre 
cursor” also includes totipotent cells (e.g., cells form early 
stage embryos Which are unrestricted in their developmental 
capabilities) Which are induced to differentiate into neural 
cells. Such precursor cells can be used as sources of the 
neural cells, i.e., the neural cells for use in the invention can 
be derived from such precursor cells. As used herein, the 
term “derived” refers to cells Which develop or differentiate 
from or have as ancestors totipotent stem cells and pluripo 
tent stem cells. Methods of obtaining neural precursor cells 
e.g., neural stem cells and/or progenitor cells are knoWn in 
the art, e.g., U.S. Pat. No. 5,753,506; WO97/44442; WO96/ 
04368; WO94/10292; WO94/02593; Gage et al. 1995 Ann. 
Rev. Neurosci. 18:159; or WO98/30678, the contents of 
Which are incorporated herein by reference. 

[0043] The term “population”includes tWo or more cells. 
A population of cells can be obtained from the same or 
different source(s), e.g., the same donor or several different 
donors. Moreover, the cells in a population are not neces 
sarily of the same cell type. A population of isolated neural 
cells can include, for example, different types of neural cells 
such as mature neurons and stem cells, GABA-releasing or 
producing neural cells, and neural cells Which do not release 
GABA. Moreover, a population of neural cells can be 
associated With non-neural cells. The presence of non 
neuronal cells may promote survival and groWth of the 
neural cells upon implantation into a recipient subject. For 
example, glial cells or genetically modi?ed ?broblasts can 
provide neurotrophic factors or substrates for spinal cord 
migration and remyelination. 
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[0044] As used herein the term “isolated” refers to a cell 
Which has been separated from its natural environment. This 
term includes gross physical separation from its natural 
environment, e.g., removal from the donor animal. In pre 
ferred embodiments an isolated cell is not present in a tissue, 
i.e., the cell is separated, e.g., dissociated, from the neigh 
boring cells With Which it is normally in contact. Preferably, 
neural cells are administered as a cell suspension. As used 
herein, the phrase “cell suspension” includes cells Which 
have been dissociated, e.g., by subjecting a piece of tissue to 
gentle trituration, Which are in contact With a medium. 

[0045] As used herein, the term “primary” includes cells 
Which are not transformed or immortaliZed. The primary 
cells for use in the instant methods do not display the 
abnormal groWth characteristics of tumor cells of neural 
origin (such as neuroblastoma cells), e.g., the cells can be 
contact inhibited, are not dedifferentiated, and/or do not 
display anchorage independent groWth. Primary cells can be 
used after removal from a donor or can be cultured prior to 
transplantation into a subject. 

[0046] As used herein, the term “treat” includes amelio 
ration or reduction in pain and/or spasticity for a period of 
time folloWing administration of a neural cell or population 
of neural cells into a subject suffering from chronic pain 
and/or spasticity. 

[0047] The term “subject” includes mammals, e.g., pri 
mates (such as humans, and monkeys). The term “xenoge 
neic” as used herein refers to transplantation of cells from a 
donor of one species into a subject of a different species, 
e.g., porcine neural cells can be administered to a subject in 
an amount suitable to treat chronic pain and/or spasticity. 

[0048] The invention is further described in the folloWing 
subsections: 

[0049] Cells Of The Invention 

[0050] Neural cells useful in the methods of this invention 
can be used after isolation from a donor or donors or may be 
obtained from in vitro culture, preferably short term in vitro 
culture. 

[0051] Preferably, the cells of the invention are of mam 
malian origin, i.e., are obtained from mammalian subjects 
(e.g., humans, pigs, or coWs). Preferred cells for use in the 
instant methods are porcine. Other preferred cells are 
human. 

[0052] The cells of the invention can be selected for 
transplantation based upon their ability to produce a desired 
chemical mediator, such as a factor Which controls nerve 
excitation, e.g., preferred cells are serotonergic (i.e., secrete 
5 hydroxy-tryptamine (5HT)) or secrete gamma-aminobu 
tyric acid (GABA). The presence or absence of such factors 
can be readily assayed using techniques Which are knoWn in 
the art, e.g., using a bioassay or an immunoassay. For 
example, a rabbit polyclonal anti-GABA antibody (Sigma, 
St. Louis, Mo.) can be used as described by Ibuki et al. 
(1997. Neuroscience 76:845) or an anti-5-HT antibody can 
be used (available from Incstar) as described by Eaton et al. 
(1997. Pain 72:59) in order to detect production of factors. 

[0053] Neural cells useful in the methods of this invention 
may be obtained during various stages of development of the 
donor subject, e. g., can be embryonic fetal, juvenile, or adult 
cells. In general, the particular stage of development is 
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selected based upon the intended use of the cells subsequent 
to storage and the species of animal from Which the cells are 
derived. 

[0054] Neural cells can be obtained from any area of the 
nervous system, e.g., the central nervous system including 
the cerebral corteX, cerebellum, midbrain, brainstem, spinal 
cord, ventricular tissue, or from areas of the peripheral 
nervous system, including the carotid body and the adrenal 
medulla. 

[0055] In other embodiments, the cells for use in the 
instant methods are neural precursor cells. In one embodi 
ment, the neural stem or progenitor cells are induced to 
differentiate prior to transplantation into a subject. Tissue 
containing stem or progenitor cells can be obtained from 
mammalian embryos, fetuses, juveniles, or from an adult 
organ donor. In preferred embodiments, stem cells to be used 
in the instant methods are porcine cells. In other preferred 
embodiments, stem cells to be used in the instant methods 
are human cells. In certain embodiments, autologous stem 
cells from the donor may be obtained, differentiated and 
transplanted using the instant methods. 

[0056] Neural precursor cells can be obtained from any 
area of the central nervous system, including the cerebral 
corteX, cerebellum, midbrain, brainstem, spinal cord, ven 
tricular tissue, or from areas of the peripheral nervous 
system, including the carotid body and the adrenal medulla. 
Methods of obtaining neural progenitor or stem cells are 
knoWn in the art (see e.g., US. Pat. No. 5,753,506; WO97/ 
44442; WO96/04368; WO94/10292; WO94/02593; Gage et 
al. 1995 Ann. Rev. Neurosci. 18159; or WO98/30678). 

[0057] To expand a population of neural cells, (e.g., stem 
or progenitor cells) the cells can be groWn in the presence of 
trophic factors, such as nerve groWth factor, acidic ?broblast 
groWth factor, basic ?broblast groWth factor, platelet-de 
rived groWth factor, thyrotropin releasing hormone, epider 
mal groWth factor, amphiregulin, transforming groWth fac 
tor, transforming groWth factor [3, insulin-like groWth factor, 
or other groWth factors using methods knoWn in the art (see, 
e.g., US. Pat. Nos. 5,753,506, 5,612,211, 5,512,661, WO93/ 
01275; Mehler and Kessler. 1995 Crit. Rev. Neurobiol. 
9:419; and WO 98/30678). 

[0058] In other embodiments, neural stem cells can be 
induced to differentiate using agents Which are knoWn in the 
art, e.g., retinoic acid, butyrate, triodo-thyronine, or s-lami 
nin. 

[0059] In one embodiment, the cells for use in the present 
invention are fetal or embryonic cells. Preferably, the cells 
are derived from the fetal central nervous system. In another 
embodiment, the fetal cells are spinal cord cells. In preferred 
embodiments, the fetal cells are ventral mesencephalic cells. 
In still other preferred embodiments, the fetal cells are 
striatal cells. In yet other preferred embodiments, the striatal 
cells are obtained from a lateral ganglionic eminence of the 
striatum. In other embodiments, the fetal cells are cortical 
cells. 

[0060] In one embodiment, the cells are fetal human cells 
are obtained from fetuses ranging in age from 7 to 18 Weeks 
of gestation. In preferred embodiments, fetal human cells are 
obtained at betWeen 7 and 11 Weeks gestation. Fetal human 
cells for use in the claimed methods are obtained using 
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methods knoWn in the art and as required under the guide 
lines for use of human tissue (see e.g., DHEW publication 
OS 1975). 

[0061] In one embodiment, neural cells for use in the 
invention are porcine embryonic cells Which are isolated 
from porcine fetuses and Which display the desired charac 
teristics for transplantation. The preferred morphology of 
neural cells is the characteristic normal morphology of a 
neuron including a small rounded cell body Which does not 
adhere to the culture vehicle, e.g., culture dish, as strongly 
as glial cells, Which tend to have a cell body that is relatively 
?at. Normal neuron morphology also generally includes the 
presence of neurite processes. Thus, it is preferred that at 
least about 1%, more preferably at least about 10%, yet more 
preferably at least about 20%, still more preferably at least 
about 30%, and most preferably at least about 40% of the 
neural cells in culture have the characteristic neuron mor 
phology at the time they are harvested for transplantation. As 
used herein the phrase “neural process” includes any eXten 
sion of the cell, e.g., an aXon or a dendrite in a neuron or a 

membranous process Which forms a myelin sheath around 
aXons in a glial cell, for eXample, an oligodendrocyte. See 
Kandel, E. R. and SchWartZ, J. H. eds. (1991) Principles of 
Neural Science, 3rd ed. (Elsevier, NeW York) pp. 14-19. 

[0062] In embodiments in Which fetal porcine cells are 
used, preferably the cells are obtained betWeen about days 
20 and 115 of gestation, depending on the cell type to be 
isolated. For example, in certain embodiments, e.g., When 
the cells are porcine ventral mesencephalic cells, the cells 
are obtained betWeen about days 25 and 28 of gestation. 
Preferably the porcine VM cells are used betWeen about 
days 26 and 27 of gestation. More preferably, the porcine 
VM cells are used at about 27 days of gestation. In the case 
of fetal porcine striatal cells, preferably the cells are 
obtained from a fetus at betWeen about days 30 and 50 of 
gestation. In more preferred embodiments, the porcine stri 
atal cells are obtained from a fetus betWeen about days 31 
and 38 of gestation. In particularly preferred embodiments, 
the porcine striatal cells are obtained from a fetus betWeen 
about days 34 and 36 of gestation. In the case of porcine 
cortical cells, the cells are preferably obtained from a fetus 
betWeen about days 20 and 30 of gestation. In particularly 
preferred embodiments, the porcine cortical cells are 
obtained from a fetus betWeen about days 24 and 28 of 
gestation. 

[0063] In preferred embodiments, the cells for use in the 
instant invention are porcine striatal cells. The striatum or 
corpus striatum is a structure in the cerebral hemispheres 
consisting of tWo basal ganglia (the caudate nucleus and the 
putamen) and the ?bers of the internal capsule that separate 
them. The porcine striatal cells of the invention are prefer 
ably obtained from a ganglionic eminence (i.e., the lateral 
and/or medial ganglionic eminence) of the striatum, but are 
more preferably obtained from a lateral ganglionic eminence 
of porcine striatum at the preferred gestational age described 
herein. The optimal age for isolation of striatal cells from 
embryonic pigs is betWeen about tWenty (20) and about ?fty 
(50) days, more preferably about thirty (30) and forty (40) 
days, yet more preferably about thirty-one (31) and about 
thirty-eight (38) days, and most preferably about thirty-four 
(34) and about thirty-six (36) days of gestation. After about 
?fty (50), more preferably about forty (40), and most 
preferably about thirty-eight (38) or thirty-nine (39) days, 
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the appropriate target tissue in the striatum cannot be reli 
ably dissected and the quality of grafts post-transplantation 
is inferior. Thus, embryonic porcine striatal cells suitable for 
transplantation into humans are preferably obtained from 
embryonic pigs betWeen about tWenty (20) and about ?fty 
(50) days, more preferably about thirty (30) and forty (40) 
days, yet more preferably about thirty-one (31) and about 
thirty-eight (38) days, and most preferably about thirty-four 
(34) and about thirty-six (36) days of gestation. 
[0064] Cells Isolated from Essentially Pathogen-Free 
SWine 

[0065] In another embodiment, the neural cells of the 
invention are cells determined to be free from at least one 
organism Which originates in the animal from Which the 
cells are obtained and Which transmits infection or disease to 
a recipient subject. Neural cells With these characteristics 
can be obtained by screening the animal to determine if it is 
essentially free from organisms or substances Which are 
capable of transmitting infection or disease to a xenogeneic 
recipient, e.g., a human recipient, of the cells. Typically, the 
cells are porcine cells Which are obtained from a swim 
Which predetermined to be essentially free from pathogens 
Which detrimentally affect humans. For example, the patho 
gens from Which the swim are free include, but are not 
limited to, one or more of pathogens from the folloWing 
categories of pathogens: zoonotic, cross-placental and neu 
rotropic organisms. As used herein, “zoonotic” refers to 
organisms Which can be transferred from pigs to man under 
natural conditions; “cross-placental” refers to organisms 
capable of crossing the placenta from mother to fetus; and 
“neurotropic” refers to organisms Which selectively infect 
neural cells. Within each of these categories, the organism 
can be a parasite, bacterium, mycoplasma, and/or virus. For 
example, the swim can be free from parasites (e.g., toxo 
plasma, Eperythrozoon suis, Eperythrozoon parvum), bac 
teria (e.g., Brucella, Listeria, Mycobacterium TB, Leptospir 
illum, H, or Haemophilus suis), mycoplasma (e.g., M 
hyopneumonia), and/or viruses (e.g., porcine respiratory 
reproductive syndrome, rabies, pseudorabies, parvovirus, 
encephalomyocardidis virus, sWine vesicular disease, techen 
(porcine polio virus), hemaglutinating encephalomyocardi 
tis, suipoxvirus, sWine in?uenza type A, adenovirus, trans 
missible gastroenteritus virus, bovine viral diarrhea, vesicu 
lar stomatitis virus). SWine can also bee free from cross 
placental parasites (e.g., eperythozoon suis or toxoplasma), 
neurotropic parasites (e.g., toxoplasma), and/or myco 
plasma, such as M. hyopneumonia. Additionally, the swim 
can be free from bacteria such as zoonotic bacteria (e.g., 
brucella, listeria, Mycobacterium TB, leptospirillum), cross 
placental bacteria (e.g., brucella, listeria, leptospirillum) 
and/or neurotropic bacteria (e.g., listeria). Additionally, the 
swim can be free from viruses such as zoonotic viruses, 
viruses that can cross the placenta in pregnant soWs and 
neurotropic viruses. Zoonotic viruses include, for example, 
a virus in the rabies virus group, a herpes-like virus Which 
causes pseudorabies, encephalomyocarditis virus, sWine 
in?uenza Type A, transmissible gastroenteritis virus, parain 
?uenza virus 3 and vesicular stomatitis virus. Cross-placen 
tal viruses include, for example, viruses that cause porcine 
respiratory reproductive syndrome, a virus in the rabies 
virus group, a herpes-like virus Which causes pseudorabies, 
parvovirus, a virus that causes sWine vesicular disease, 
teschen (porcine polio virus), hemmaglutinating encepha 
lomyocarditis, cytomegalovirus, suipoxvirus, and sWine 
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in?uenza type A. Neurotropic viruses include, for example, 
a virus in the rabies virus group, a herpes-like virus Which 
causes pseudorabies, parvovirus, encephalomyocarditis 
virus, a virus Which causes sWine vesicular disease, porcine 
poliovirus (teschen), a virus Which causes hemmaglutinating 
encephalomyocarditis, adenovirus, parain?uenza 3 virus. 

[0066] In one embodiment, the pigs from Which the spinal 
cord cells are isolated are essentially free from the folloWing 
organisms: Toxoplasma, eperythrozoon, brucella, listeria, 
Mycobacterium TB, leptospirillum, haemophillus suis, M. 
Hyopneumonia, a virus Which causes porcine respiratory 
reproductive syndrome, a virus Which causes rabies, a virus 
Which causes pseudorabies, parvovirus, encephalomyo 
carditis virus, a virus Which causes sWine vesicular disease, 
porcine polio virus (teschen), a virus Which causes hemag 
glutinating encephalomyocarditis, suipoxvirus, sWine in?u 
enza type A, adenovirus, transmissible gastroenteritis virus, 
a virus Which causes bovine viral diarrhea, and vesicular 
stomatitis virus. The phrase “essentially free from organisms 
or substances Which are capable of transmitting infection or 
disease to a xenogeneic recipient” (also referred to herein as 
“essentially pathogen-free”) When referring to a swim from 
Which cells are isolated or to the cells themselves means that 
sWine does not contain organisms or substances in an 
amount Which transmits infection or disease to a xenogeneic 
recipient, eg a human. Example III provides representative, 
but not limiting, examples of methods for selecting sWine 
Which are essentially free from various organisms. The cells 
of the invention can be isolated from embryonic or post 
natal sWine Which are determined to be essentially free of 
such organisms. These sWine are maintained under suitable 
conditions until used as a source of cells for transplantation. 

[0067] Optimal gestational ages of the swim from Which 
these cells are isolated are described in detail herein. Porcine 
neural cells isolated from essentially pathogen-free sWine 
can additionally be modi?ed to reduce the immunogenecity 
of the cells upon transplantation into a subject as described 
herein. 

[0068] Modi?cation of Neural Cells 

[0069] In unmodi?ed form, the neural cells of the inven 
tion have at least one antigen on the cell surface Which is 
capable of stimulating an immune response against the cell 
in a subject. To inhibit rejection of the cell When introduced 
into the subject, the antigen on the cell surface is altered 
prior to transplantation. In an unaltered state, the antigen on 
the cell surface stimulates an immune response against the 
cell When the cell is administered to a subject (also referred 
to herein as recipient or recipient subject). By altering the 
antigen, the normal immunological recognition of the por 
cine neural cell by the immune system cells of the recipient 
is disrupted and additionally, “abnormal” immunological 
recognition of this altered form of the antigen can lead to 
cell-speci?c long term unresponsiveness in the recipient. It 
is likely that alteration of an antigen on the cell prior to 
introducing the cell into a subject interferes With the initial 
phase of recognition of the neural cell by the cells of the 
host’s immune system subsequent to administration of the 
cell. Furthermore, alteration of the antigen may induce 
immunological nonresponsiveness or tolerance, thereby pre 
venting the induction of the effector phases of an immune 
response (e.g., cytotoxic T cell generation, antibody produc 
tion etc.) Which are ultimately responsible for rejection of 
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foreign cells in a normal immune response. As used herein, 
the term “altered” encompasses changes that are made to at 
least one neural cell antigen(s) Which reduces the immuno 
genicity of the antigen to thereby interfere With immuno 
logical recognition of the antigen(s) by the recipient’s 
immune system. 

[0070] Antigens to be altered according to the current 
invention include antigens on a neural cell Which can 
interact With an immune cell in a recipient subject and 
thereby stimulate a speci?c immune response against the 
neural cell in the recipient. The interaction betWeen the 
antigen and the immune cell may be an indirect interaction 
(e.g., mediated by soluble factors Which induce a response 
in the immune cell, e.g., humoral) or, preferably, is a direct 
interaction betWeen the antigen and a molecule present on 
the surface of the immune cell (i.e., cell mediated). As used 
herein, the term “immune cell” is intended to include a cell 
Which plays a role in speci?c immunity (e.g., is involved in 
an immune response) or plays a role in natural immunity. 
Examples of immune cells include all distinct classes of 
lymphocytes (T lymphocytes, such as helper T cells and 
cytotoxic T cells, B lymphocytes, and natural killer cells), 
monocytes, macrophages, other antigen presenting cells, 
dendritic cells, and leukocytes (e.g., neutrophils, eosino 
phils, and basophils). In a preferred embodiment, the antigen 
is one Which interacts With a T lymphocyte in the recipient 
(e. g., the antigen normally binds to a receptor on the surface 
of a T lymphocyte). 

[0071] In one embodiment, the antigen on the neural cell 
to be altered is an MHC class I antigen. Alternatively, an 
adhesion molecule on the cell surface, such as NCAM-1 or 
ICAM-1, can be altered. An antigen Which stimulates a 
cellular immune response against the cell, such as an MHC 
class I antigen, can be altered prior to transplantation by 
contacting the cell With a molecule Which binds to the 
antigen. Apreferred molecule for binding to the antigen is an 
antibody, or fragment thereof (e.g., an anti-MHC class I 
antibody, or fragment thereof, an anti-ICAM-1 antibody or 
fragment thereof, an anti-LFA-3 antibody or fragment 
thereof, or an anti-[32 microglobulin antibody or fragment 
thereof). A preferred antibody fragment is an F(ab‘)2 frag 
ment. Polyclonal or, more preferably, monoclonal antibodies 
can be used. Other molecules Which can be used to alter an 
antigen (e.g., an MHC class I antigen) include peptides and 
small organic molecules Which bind to the antigen. Further 
more, tWo or more different epitopes on the same or different 

antigens on the cell surface can be altered. A particularly 
preferred monoclonal antibody for alteration of MHC class 
I antigens on porcine spinal cord cells is PT85 (e.g., PT85A 
or PT85B; commercially available from Veterinary Medi 
cine Research Development, Pullman Wash.). PT85 can be 
used alone to alter MHC class I antigens or, if each antibody 
is speci?c for a different epitope, PT85 can be used in 
combination With another antibody knoWn to bind MHC 
class I antigens to alter the antigens on the cell surface. In 
addition, the monoclonal antibody W6/32 can be used. 
Suitable methods for altering a surface antigen on a cell for 
transplantation are described in greater detail in Faustman 
and Coe. 1991. Science 25211700-1702 and PCT publication 
WO 92/04033. Methods for altering multiple epitopes on a 
surface antigen on a cell for transplantation are described in 
greater detail in PCT publication WO 95/26741, the contents 
of Which are incorporated herein by reference. 
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[0072] Genetic Modi?cation of Neural Cells For Treat 
ment of Chronic Pain 

[0073] In another embodiment, the neural cells of the 
invention are genetically engineered to express and/or 
secrete a foreign molecule (e.g., a heterologous molecule not 
normally made by the cell) or to modify the production of a 
molecule to treat chronic pain. Such molecules can be 
produced by the cells upon introduction of heterologous 
nucleic acid molecules using techniques Which are Well 
knoWn in the art. Exemplary foreign molecules can, for 
example, directly reduce pain in the subject, can promote 
success of transplantation (e.g., by doWnmodulation of an 
immune response in the subject), and/or can promote sur 
vival or function of the transplanted cells. Exemplary mol 
ecules include, e.g., a neurotrophic factor, a neurotransmit 
ter, or a neuroprotective agent. In one embodiment a foreign 
molecule enhances the neuroregenerative capacity of the 
transplanted cells, aids in reestablishing sensorineural com 
munication of GABA interneurons, and/or aids in reestab 
lishment of the excitatory/inhibitory neurotransmitter bal 
ance in the subject. 

[0074] For example, in one embodiment, the neural cells 
of the invention can be modi?ed to express nicotinic ace 
tylcholine receptors (e.g., Puttfarcken et al. 1997. J of 
Neurochemistry. 691930 or J. Pharmacol. Exp. Ther. 1998. 
2851787). In another embodiment, the neural cells of the 
invention are modi?ed to produce a factor, e.g., 5HT or 
GABA. 

[0075] In addition, unmodi?ed or modi?ed neural cells 
can be introduced e.g., into the spinal cord of a subject, 
together With other types of cells (e.g., other cells of the 
nervous system or cells derived from other sources) Which 
have been genetically modi?ed to perform a useful function. 
For example, in order to promote groWth of neurons the 
neural cells can be implanted into the spinal area together 
With other cells Which secrete or have been modi?ed to 
secrete, for example, a neurotrophic factor. Examples of 
cells that act as carriers of transgenes to a subject include 
?broblasts (Fisher, L. J. et al. 1991. Neuron 61371-380; 
Rosenberg, M. B. et al. 1988. Science 24211575), adrenal 
chromaf?n cells (Cunningham, L. A. et al. 1991. Brain Res. 
5611192), astrocytes (Suhr, S. T. and Gage, F. H. 1993.Arch. 
Neur0l. 5011252), and myoblasts (Jiao, S. et al. 1993. Nature 
3621450; Jiao, S. et al. 1992. Brain Res. 5751143; Jiao, S. et 
al. 1992. Hum. Gene Ther. 3121). Such cells, e.g., ?broblasts 
and glial cells, can also be used to deliver retroviruses 
containing genes, e.g., herpes simplex thymidine kinase 
gene, the gene products of Which are targets for other 
therapeutic drugs or agents, e.g., ganciclovir, to target cells, 
e.g., tumor cells, to inhibit their groWth. Culver, K. et al. 
1992. Science 25611550; Chen, S -H. et al. 1994. Proc. Natl. 
Acad. Sci. USA 9113054. 

[0076] A cell to be introduced into the subject can be 
genetically modi?ed in vitro prior to transplantation, or 
alternatively, the cell can be directly modi?ed in vivo 
folloWing transplantation. Suhr, S. T. and Gage, F. H. 1993. 
Arch. Neurol. 5011252-1268; Gage, F. H. et al. (1987) 
Neuroscience 231795-807. Various methods are available for 
genetically modifying donor neural cells such as porcine 
spinal cord cells, prior to implantation into a recipient 
subject. These methods include direct DNA uptake (trans 
fection), and infection With viral vectors such as retrovirus, 
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herpes virus, adenovirus, and adeno-associated virus vec 
tors. Suhr, S. T. et al. 1993. Arch. Neurol. 5011252. Trans 
fection can be effected by endocytosis of precipitated DNA, 
fusion of liposomes containing DNA or electroporation. 
Suhr, S. T. et al. 1993. Arch. Neurol. 5011252. Another 
method of transfecting donor cells is through the use of a 
“gene gun”. In this method, microscopic DNA-coated par 
ticles are accelerated at high speeds through a focusing tube 
and “shot” or injected into cells in vitro (Klein, R. M. et al. 
1992. Biotechnology 241384; Zelenin, A. V. et al. 1989. 
FEBS Lett. 244165) or in vivo (Zelenin, A. V. et al. 1991. 
FEBS Lett. 280194). The cells close around the Wound site 
and express genes carried into the cell on the particles. 

[0077] Retroviral vectors typically offer the most ef?cient 
and best characteriZed means of introducing and expressing 
foreign genes in cells, particularly mammalian cells. These 
vectors have very broad host and cell type ranges, integrate 
by reasonably Well understood mechanisms into random 
sites in the host genome, express genes stably and ef?ciently, 
and under most conditions do not kill or obviously damage 
their host cells. The methods of preparation of retroviral 
vectors have been revieWed extensively in the literature 
(Suhr, S. T. and Gage, F. H. 1993. Arch Neurol. 5011252; 
Ray, J. and Gage, F. H. 1992. Biotechniques 131598; Ander 
son, W. F. 1984. Science 2261401; Constantini, F. et al. 1986 
Science 23311192; Gilboa, E. et al. 1986. Biotechniques 
41504; Mann, R. et al. 1983. Cell 331153; Miller, A. D. et al. 
1985. Mol. Cell Biol. 51431; and Readhead, C. et al. 1987 
Cell 481703) and are noW in common use in many labora 
tories. Other techniques for producing genetically modi?ed 
cells are described in detail in PCT publication WO 
95/27042 and US. Pat. No. 5,082,670, the contents of Which 
are incorporated herein by reference. 

[0078] Culture of Neural Cells 

[0079] The modi?ed or unmodi?ed cells described herein 
can be groWn as a cell culture, i.e., as a population of cells 
Which groW in vitro, in a medium suitable to support the 
culture (e.g., groWth or stimulation) of the cells prior to 
administration to a subject. Media Which can be used to 
support the groWth of neural cells include mammalian cell 
culture media, such as those produced by Gibco BRL 
(Gaithersburg, Md.). See 1994 Gibco BRL Catalogue & 
Reference Guide. In addition, other substrates upon Which 
the neural cells can groW including, for example, collagen, 
collagen plus poly-omithine and poly-omithine plus 
?bronectin, can be used. The medium can be serum-free or 
supplemented With animal serum such as fetal calf serum. 

Moreover, groWth factors, e.g., neurotrophic factors, can be 
added to the cell culture to promote neural cell groWth in 
vitro. Examples of neurotrophic factors include glial cell 
line-derived groWth factor, brain-derived neurotrophic fac 
tor, platelet-derived groWth factor, neural groWth factor, 
ciliary neurotrophic factor, midkine, insulin-like groWth 
factor I and II, insulin, ?broblast groWth factor, neurotro 
phin-3, neurotrophin 4/5 and transforming groWth factor [3 

[0080] Methods of Treating Chronic Pain and/or Spastic 
ity 
[0081] Modi?ed or unmodi?ed neural cells can be admin 
istered to a subject With or Without additional agents to treat 
chronic pain and/or spasticity. As used herein, the terms 
“introducing”, “implanting”, “delivering”, “administering”, 
and “transplanting” are used interchangeably. The neural 
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cells of the invention are administered to a subject by any 
appropriate route Which results in delivery of the cells to a 
desired location in the subject. In preferred embodiments, 
the cells are administered to the spinal cord of the subject. 
Cells can be delivered into the spinal cord of a subject e.g., 
by direct stereotaxic injection of the cells. In more preferred 
embodiments, the cells are administered into the spinal 
dorsal horn of the spinal cord or are administered to the 
subarachnoid space around the spinal cord (the space sur 
rounding the spinal cord (betWeen the arachnoidea and pia 
mater) that is ?lled With cerebral spinal ?uid) using methods 
that are knoWn in the art (see e.g., Eaton et al. 1997. Pain. 
72159; Sagen and Pappas. 1987.AnnNYAcaa' Sci. 4951 306; 
or Ibuki et al. 1997. Neuroscience 761845). 

[0082] Cells can be administered in a physiologically 
compatible carrier, such as a buffered saline solution. 

[0083] The cells of the invention can be inserted into a 
delivery device Which facilitates introduction by e.g., injec 
tion, of the cells into the subjects. Such delivery devices 
include tubes, e.g., catheters, for injecting cells and ?uids 
into the body of a recipient subject. In a preferred embodi 
ment, the cells of the invention can be introduced into the 
subject at a desired location using a micropipette. The neural 
cells of the invention can be inserted into such a delivery 
device, e.g., a micropipette or syringe, in the form of a 
solution, e.g., a cell suspension. Alternatively, the cells can 
be embedded in a support matrix When contained in such a 
delivery device. As used herein, the term “solution” includes 
a pharmaceutically acceptable carrier or diluent in Which the 
cells of the invention remain viable. Pharmaceutically 
acceptable carriers and diluents include saline, aqueous 
buffer solutions, solvents and/or dispersion media. The use 
of such carriers and diluents is Well knoWn in the art. The 
solution is preferably sterile and ?uid to the extent that easy 
syringability exists. Preferably, the solution is stable under 
the conditions of manufacture and storage and preserved 
against the contaminating action of microorganisms such as 
bacteria and fungi through the use of, for example, parabens, 
chlorobutanol, phenol, ascorbic acid, thimerosol, and the 
like. Solutions of the invention can be prepared by using a 
pharmaceutically acceptable carrier or diluent and, as 
required, other ingredients enumerated above, folloWed by 
?ltered steriliZation, and then incorporating porcine neural 
cells as described herein. 

[0084] Support matrices in Which the neural cells can be 
incorporated or embedded include matrices Which are recipi 
ent-compatible and Which degrade into products Which are 
not harmful to the recipient. Natural and/or synthetic bio 
degradable matrices are examples of such matrices. Natural 
biodegradable matrices include collagen matrices. Synthetic 
biodegradable matrices include synthetic polymers such as 
polyanhydrides, polyorthoesters, and polylactic acid. Apre 
ferred support matrix for use in the present invention is 
gelfoam (Upjohn Kalamazoo, Mich.). In addition, the cells 
of the invention can be administered in a guidance channel 
(e.g., polyacrylonitrile/polyvinylchloride (PAN/PVC) guid 
ance channels), such as those described in Bunge et al. 1994. 
J Neurology 2411536, Which can serve as a guide for 
regenerating axons. 

[0085] Use of Additional Agents 

[0086] The cells of the present invention can be incubated 
and/or treated at any stage in their preparation for transplan 
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tation, e.g., during dissection, limited digestion, dissocia 
tion, plating, and/or production of cell suspensions for 
transplantation, With a number of agents or factors e.g., 
Which promote the survival, groWth, differentiation, and/or 
integration of the cells in vitro and/or in the recipient 
subject, or Which further aid in the treatment of chronic pain 
and/or spasticity. The administration of additional agents can 
begin prior to transplantation of cells, can begin at the time 
of transplantation, or can begin after transplantation. The 
administration of additional agents can be limited in dura 
tion (e.g., can consist of a single administration of the agent) 
or can be of prolonged duration (e.g., can be given to the 
subject repeatedly over a long period of time). 

[0087] In one embodiment, such agents or factors can be 
added at the site of transplantation in the recipient subject 
after the cells of the invention have been transplanted 
therein. In some instances, these agents can, for example, 
minimiZe or counteract detrimental effects on the cells 
resulting from the procedures used to prepare the cells for 
transplantation. For example, cells, When isolated from the 
donor pigs and prepared for transplantation, may experience 
cellular trauma and/or hypoxia Which lead to the production 
of reactive oxygen species (ROS) such as superoxide radical 
anion, hydrogen peroxide, and the hydroxyl free radical. 
Colton, C. A. et al. 1995. Exp. Neural. 132154. ROS are 
knoWn to adversely affect neural function, most likely by 
affecting a variety of membrane and intracellular compo 
nents including ion channels, membrane lipids, transport 
mechanisms such as the Na+/K+ AT Pase and Na+/ glutamate 
exchange transport and cytosolic enZymes such as glutamine 
synthase. Colton, C. A. et al. 1995. Exp. Neural. 132154. 
Acute exposure of nerve terminals to ROS results in failure 
of neurotransmission. Colton, C. A. et al. 1991. Free Rad. 
Res. Cammun. 141385; Colton, C. A. et al. 1989. Free Rad. 
BiaL Med. 713-8. Long term exposure of nerve terminals to 
ROS results in retraction of neurites and eventually, neu 
ronal death. HalliWell, B. et al. Free Radicals in Biology and 
Medicine, 2nd ed. (Clarendon Press, Oxford, England 
1989). In addition, it is knoWn that ROS provoke membrane 
lipid peroxidation, consequently reducing the survival of 
neural cells in the transplants. 

[0088] To minimiZe and/or counteract the adverse effects 
of these types of oxidative stress during preparation for 
transplantation, the cells of the present invention can be 
incubated and/or treated With antioxidants at any stage 
during the preparation. Examples of such antioxidants 
include the enZyme antioxidants superoxide dismutase 
(SOD) and glutathione peroxidase (Colton, C. A. et al. 1995. 
Exp. Neural. 132154) Which are commercially available 
from Boehringer Mannheim (Indianapolis, Ind.) and Sigma 
Chemical Company (St. Louis, Mo.), respectively, agents 
Which promote glutathione formation, e.g. N-acetyl cysteine 
(NAC), also commercially available from Sigma, and other 
knoWn antioxidants such as laZaroids, e.g., U-74389G and 
U-83836E, Which are available from Upjohn (Nakao, N. et 
al. 1994 Prac. Natl. Acad. Sci. USA 91112408; Frodl, E. M. 
et al. 1994. NeuraRepart 512393). Antioxidant enZymes, 
such as SOD, scavenge ROS and prevent the reaction of 
superoxide With nitric oxide to form peroxynitrite anion, 
Which has been shoWn to be toxic to cultured neurons. 
Nakao, N. et al. 1995 Nature Medicine 11226. These 
enZymes can be incubated With the cells of the invention as 
described above. Another method of introducing these 
enZymes into the cellular preparations of the present inven 
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tion is to genetically modify the cells to contain the nucleic 
acid encoding such enZymes. The genetically modi?ed cells 
can then produce agents Which enhance the survival, groWth, 
and differentiation of the grafted cells in the recipient 
subject. For example, porcine cells of the invention can be 
transfected With the human gene for Cu/Zn superoxide 
dismutase, a pivotal enZyme in the detoxi?cation of oxygen 
free radicals, Nakao, N. et al. 1995. Nature Medicine 11226). 
These transfected cells then express SOD and, consequently, 
ef?ciently detoxify ROS generated during tissue preparation 
and implantation to thereby increase graft survival. 

[0089] LaZaroids are 21-aminosteroids that lack glucocor 
ticoid activity and are speci?cally designed to localiZe 
Within cell membranes and inhibit lipid peroxidation (sta 
biliZe membranes by inserting theirlipophilic portion into 
the phospholipid bilayer (Nakao, N. et al. 1994. Prac. Natl. 
Acad. Sci. USA 91112408; Frodl, E. M. et al. 1994. Neu 
raRepart 512393). LaZaroids are also knoWn to scavenge 
free radicals, in particular, hydroxyl radicals. Other 
examples of antioxidants Which can be added to the cell 
cultures and cell suspensions include TGFB (Prehn, J. H. M 
et al. 1994. Prac. Natl. Acad. Sci. USA 91112599), vitamin 
E (Nakao, N. et al. 1995. Nature Medicine 11226), vitamin 
C, beta carotene, and other compounds Which scavenge 
ROS, inhibit the production of ROS, and/or inhibit lipid 
peroxidation. 

[0090] In addition, the oxidative environment of the cells 
in vitro can be modi?ed to inhibit cellular oxidative stress. 
For example, during preparation of the cells for transplan 
tation, the partial pressure of oxygen in the cells’ environ 
ment can be decreased from the normal oxygen partial 
pressure, i.e., approximately 150 torr O2, to a decreased 
oxygen partial pressure, i.e., 38 torr O2 (about 5% O2). This 
method of decreasing oxidative stress can be combined With 
treatment of the cells With one or more of the above 
described antioxidants. For example, the combination of the 
partial oxygen pressure of 38 torr (e.g., 5% O2) and treat 
ment With NAC is effective for promoting survival of TH+ 
neurons. Colton, C. A. et al. 1995. Exp. Neural. 132154. 

[0091] During the hypoxic conditions associated With the 
preparation of the cells of the invention for transplantation, 
the release of excitatory amino acids in the extracellular 
space stimulates N-methyl-D-aspartate (NMDA) receptors 
to increase the activity of nitric oxide synthase (NOS) Which 
in turn results in increased biosynthesis of nitric oxide (NO). 
Nitric oxide is a neurotransmitter Which can be toxic under 
conditions of excessive formation. DaWson, T. et al. 1995. 
The Neurascientist 117. The toxic effects of NO occur 
through an interaction With the superoxide anion to form 
peroxynitrite, a highly reactive molecule Which is able to 
nitrosylate proteins as Well as initiate lipid peroxidation. 
Peroxynitrite also spontaneously decomposes to the 
hydroxyl and NO2 free radicals, Which mediate a variety of 
toxic effects. DaWson, T. et al. 1995 The Neurascientist 117. 
Inhibitors of NOS, such as gangliosides, FK506, and 
cyclosporine A (DaWson, T. et al. 1995. The Neurascientist 
117), can be added to the cell preparations to inhibit the 
production of NO, thereby decreasing the production of 
peroxynitrite and its derivatives. Superoxide dismutase is 
another agent Which can decrease the adverse effects of 
overproduction of NO and the toxic effects it mediates. 
DaWson, T. et al. 1995. The Neurascientist 117. 
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[0092] Trauma and its associated adverse effects, e.g., 
membrane peroxidation, free radical induced cell damage 
(Gonzalez-Garcia, M. et al. 1995. Proc. Natl. Acad. Sci. USA 
9214304; Zhong, L -T. et al. 1993. Proc. Natl. Acad. Sci. USA 
9014533), induced by preparation of the cells of the inven 
tion for implantation can also result in programmed cell 
death (apoptosis) of the transplanted cells. To reduce the 
occurrence of apoptosis in the transplanted cells, the cells of 
the invention can be transfected With nucleic acids encoding 
antiapoptotic gene products such as the bcl-2 (Talley, A. K. 
et al. 1995.Mol. CellBiol. 1512359; Merry, D. E. et al. 1994. 
Development 1201301; Prehn, J. H. et al. 1994. Proc. Natl. 
Acad. Sci. USA 91112599; Zhong, L -T. et al. 1993. Proc. 
Natl. Acad. Sci. USA 9014533), bcl-xL, the bcl-x[3 (Gonza 
leZ-Garcia, M. et al. 1995. Proc. Natl. Acad. Sci. USA 
9214304), and/or the crmA (Talley, A. K. et al. 1995. Mol. 
Cell Biol. 1512359) gene product. These gene products have 
been shoWn to inhibit programmed neural cell death. In 
addition, the transfected cells of the invention can be treated 
With agents Which unregulated the expression or function of 
these gene products, e. g., TGF[31 and TGF[33 Which upregu 
late the expression of bcl-2 (Gonzalez-Garcia, M. et al. 
1995.Proc. Natl.Acad. Sci. USA 9214304; Prehn, J. H. et al. 
1994 Proc. Natl. Acad Sci. USA 91112599) to augment the 
neuroprotective effect of the antiapoptotic gene products 
produced by the cells. Other factors, such as nerve groWth 
factor (NGF) and platelet-derived groWth factor (PDGF) 
have been found to have antiapoptotic activity (Zhong, L -T. 
et al. 1993 Proc. Natl. Acad. Sci. USA 9014533). The cells of 
the invention, therefore, can also be transfected With nucleic 
acid encoding these factors. EnZyme antioxidants, such as 
superoxide dismutase and catalase (Bonfoco, E. et al. 1995 
Proc. Natl. Acad. Sci. USA 9217162), and other antioxidants, 
such as NAC (Talley, A. K. et al. 1995 Mol. Cell Biol. 
1512359) can also be used to prevent cells of the invention 
from undergoing programmed cell death during preparation 
for transplantation. 
[0093] To further promote the survival of the cells of the 
invention in the recipient subject, the cells can be trans 
planted in conjunction With an angiogenic agent or trans 
fected With nucleic acid encoding an angiogenic agent. 
Upon transplantation, the angiogenic agent promotes the 
ingroWth of blood vessels into the neural graft. As a result 
of this vessel ingroWth, the cells of the graft obtain suf?cient 
nutrients to proliferate and survive Within the recipient 
subject. Many groWth factors exhibit angiogenic activity. 
For example, vascular endothelial groWth factor (VEGF) 
(Drake, C. J. et al. 1995 Proc. Natl.Acad. Sci. USA 9217657; 
Sharma, H. S. et al. 1995 Biochim. Biophys. Acta 12601235; 
Millauer, B. et al. 1993. Cell 721835), Which occurs in four 
forms due to alternative splicing of its mRNA, is a potent 
endothelial mitogen. PDGF, acidic and basic ?broblast 
groWth factor (FGF) (Drake, C. J. et al. 1995. Proc. Natl. 
Acad. Sci. USA 9217657), epidermal groWth factor (EGF), 
and K-FGF (Briistle, O. et al. 1992. Oncogene 711177) also 
possess angiogenic activity and can be used in the methods 
of the invention to encourage blood vessel ingroWth into the 
transplanted cells of the invention. 

[0094] Other factors, such as neurotrophic factors, Which 
contribute to neural development, nerve ?ber formation, and 
maintenance of neurons can be added to the cells of the 
invention in vitro during preparation for transplantation 
and/or to the cell suspension itself for introduction into the 
recipient subject along With the cells of the invention. The 
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cells of the invention can also be genetically modi?ed to 
produce such neurotrophic factors as described herein. The 
neurotrophic factor Which is added to the cells of the present 
invention can be selected based on the presence of its 
receptors on the cells Which are to be transplanted. For 
example, mesencephalic cells possess receptors for the fol 
loWing neurotrophic factors: glial cell line-derived neu 
rotrophic factor (GDNF) (Tomac, A. et al. 1995 Nature 
3731335; Beck, K. D. et al. 1995 Nature 3731339; Poulson, 
K. T. et al. 1994 Neuron 1311245; Stromberg, I. et al. 1993 
Exp. Neurol 1241401), Which promotes the survival of, 
morphological differentiation of, and high af?nity dopamine 
uptake in mesencephalic cells; brain-derived neurotrophic 
factor (BDNF) (Tomac, A. et al. 1995 Nature 3731335; 
Hyman, C. et al. 1994 J Neurotics. 141335); ciliary neu 
rotrophic factor (CNTF) (Hag, T. et al. 1993 Proc. Natl. 
Acad. Sci. USA 9016315), Which prevents axotomy induced 
degeneration of mesencephalic cells; midkine (Kikuchi, S. et 
al. 1993 Neurosci. Lett. 16019), Which promotes the survival 
and differentiation of mesencephalic cells; EGF (Casper, D. 
et al. 1991 J Neurosci. Res. 301372; Knusel, B. et al. 1990 
J Neurosci. 101558), Which increases survival and matura 
tion of mesencephalic cells; insulin-like groWth factor I and 
II and insulin (Knusel, B. et al. 1990 J Neurosci. 101558); 
acidic FGF (Engele, J. et al. 1991 J. Neurosci. 1113070); 
basic FGF (Ferrari, G. et al. 1989 Devel. Biol. 1331140), 
Which induce a signi?cant increase in the number of neurite 
bearing cells as Well as in the degree of their ?ber netWork; 
neurotrophin-3 (NT-3) and neurotrophin 4/5 (NT-4/5) 
(Hyman, C. et al. 1994. J Neurosci. 141335-347); and 
transforming groWth factor-[32 (TGF[32) and transforming 
groWth factor-[33 (TGF[33) (Poulson, K. T. et al. 1994. 
Neuron 1311245-1252). 

[0095] Neurotrophic factors Which promote the survival of 
neural cells can be selected based on the presence of 
receptors on the cells. Receptors for basic FGF (Ferrari, G. 
et al. 1989. Devel. BioL 1331140), BDNF (Hyman, C. et al. 
1994 JNeurosci. 141335), NT-3 and NT-4/5 (Hyman, C. et 
al. 1994J Neurosci. 141335) can be found on certain neurall 
cells. Thus, in one embodiment, the cells of the invention 
can be transfected With the nucleic acids encoding one or 
more of these factors. In another embodiment, one or more 
of these factors can be added to the preparation of neural 
cells prior to transplantation. These neurotrophic factors 
enhance the survival of the cells of the invention in the 
recipient subject. Similarly, neurotrophic factors Which 
exhibit speci?city for cortical cells, and consequently, Which 
can be used to promote the survival of such cell upon 
engraftment into a recipient subject, include nerve groWth 
factor (NGF) (Lindsay, R. M. et al. 1994 TINS 171182-190), 
Which prevents, for example, atrophy of axotomiZed fore 
brain cholinergic neurons; BDNF, and NT-3 and NT-4/5 
(Lindsay, R. M. et al. 1994. TINS 171182-190). 

[0096] In another embodiment, the neurotrophic factors 
described herein can be used together or in combination With 
other compounds, such as neurotransmitters, to augment 
their neurotrophic effects. For example, the combination of 
either acidic or basic FGF and a catecholamine, When 
contacted With the appropriate neural cells, simultaneously 
or sequentially, can induce tyrosine hydroxylase expression. 
Du, X. et al. 1995. J Neurosci. 1515420. In addition, it is 
contemplated that various combinations of neurotrophic 
factors described herein can act synergistically and, there 
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fore, can be used together to promote survival of the 
transplanted cells of the invention. 

[0097] Certain drugs also possess neurotrophic activity. 
Examples of such drugs include FK506 and cyclosporin A 
(Lyons, W. E. et al. 1994. Proc. Natl. Acad. Sci. USA 
9113191; Steiner et al. 1997. Nature Medicine 31421; Steiner 
et al. 1997. Proc. Natl. Acad. Sci. 9412019) Which block the 
neurotoxicity elicited by glutamate acting at N-methyl-D 
aspartate (NMDA) receptors by, for example, augmenting 
phosphorylated levels of NOS. As phosphorylated NOS 
inhibits its catalytic activity, these drugs effectively reduce 
NO formation and prevent the neurotoxic effects of NMDA 
on these cells. Other drugs Which possess neurotrophic 
activity and can be used in the present invention are those 
small molecules Which bind to the same binding proteins as 
FK506 and/or cyclosporin A and, therefore, mediate similar 
neuroprotective effects. Lyons, W. E. et al. 1994 Proc. Natl. 
Acad Sci. USA 9113191. In one embodiment, these drugs are 
administered to the subject in addition to the subject neural 
cells to treat chronic pain and/or spasticity. 

[0098] In one embodiment, combinations of one or more 
of the above-described agents and factors can be used to 
promote survival of the cells of the invention prior to or after 
the cells are transplanted into recipient subjects. For 
example, cells of the present invention can be contacted With 
one or more of the agents or factors described herein to 
promote survival of the cells in vitro and/or in vivo. In 
another embodiment, the cells of the invention can be 
transfected With the nucleic acid of one or more of the agents 
or factors described herein and also contacted With one or 
more of the agents or factors described herein. Moreover, 
although many of the neurotrophic factors described herein 
are speci?c for a particular cell type, the association of these 
factors With such a cell type does not exclude the use of that 
factor With a different cell type. Treatment of the cells of the 
invention With the agents or factors described herein can 
occur simultaneously or sequentially. 

[0099] In another embodiment, the administration of neu 
ral cells to treat chronic pain and/or spasticity can be coupled 
With administration of traditional therapies for these condi 
tions (e.g., With opiods or baclofen). In certain subjects, such 
combination therapies may result in optimal amelioration of 
symptoms. 

[0100] In another embodiment, agents Which inhibit T cell 
activity in the subject can be administered in addition to the 
subject cells. As used herein, an agent Which inhibits T cell 
activity is de?ned as an agent Which results in removal (e.g., 
sequestration) or destruction of T cells Within a subject or 
inhibits T cell functions Within the subject (i.e., T cells may 
still be present in the subject but are in a non-functional 
state, such that they are unable to proliferate or elicit or 
perform effector functions, eg cytokine production, cyto 
toxicity etc.). The term “T cell” encompasses mature periph 
eral blood T lymphocytes. The agent Which inhibits T cell 
activity may also inhibit the activity or maturation of imma 
ture T cells (e.g., thymocytes). 

[0101] A preferred agent for use in inhibiting T cell 
activity in a recipient subject is an immunosuppressive drug. 
The term “immunosuppressive drug or agent” is intended to 
include pharmaceutical agents Which inhibit or interfere 
With normal immune function. A preferred immunsuppres 
sive drug is cyclosporin A. Other immunosuppressive drugs 
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Which can be used include FK506, and RS-61443. In another 
embodiment, an immunosuppressive drug is CellCept® 
(Available from Hoffmann-LaRoche Ltd., Basel, SWitZer 
land). In one embodiment, the immunosuppressive drug is 
administered in conjunction With at least one other thera 
peutic agent. Additional therapeutic agents Which can be 
administered include steroids (e.g., glucocorticoids such as 
prednisone, methyl prednisolone and dexamethasone) and 
chemotherapeutic agents (e.g., aZathioprine and cyclospho 
sphamide). In a preferred embodiment, methylprednisolone 
is administered to the subject after transplantation of the 
cells of the invention such that local in?ammatory responses 
are deterred. In another embodiment, an immunosuppressive 
drug is administered in conjunction With both a steroid and 
a chemotherapeutic agent. Suitable immunosuppressive 
drugs are commercially available (e.g., cyclosporin A is 
available from Novartis, Corp., East Hanover, N.J.). 

[0102] An immunsuppressive drug is administered in a 
formulation Which is compatible With the route of adminis 
tration. Suitable routes of administration include intravenous 
injection (either as a single infusion, multiple infusions or as 
an intravenous drip over time), intraperitoneal injection, 
intramuscular injection and oral administration. For intra 
venous injection, the drug can be dissolved in a physiologi 
cally acceptable carrier or diluent (e.g., a buffered saline 
solution) Which is sterile and alloWs for syringability. Dis 
persions of drugs can also be prepared in glycerol, liquid 
polyethylene glycols, and mixtures thereof and in oils. 
Convenient routes of administration and carriers for immun 
suppressive drugs are knoWn in the art. For example, 
cyclosporin A can be administered intravenously in a saline 
solution, or orally, intraperitoneally or intramuscularly in 
olive oil or other suitable carrier or diluent. 

[0103] An immunosuppressive drug is administered to a 
recipient subject at a dosage sufficient to achieve the desired 
therapeutic effect (e.g., inhibition of rejection of trans 
planted cells). Dosage ranges for immunosuppressive drugs, 
and other agents Which can be coadministered thereWith 
(e.g., steroids and chemotherapeutic agents), are knoWn in 
the art (See e.g., Freed et al. New Engl. J Med. 1992 
327115491 Spencer et al. 1992 New Engl. JMed. 32711541; 
Widner et al. 1992. New Engl. JMea'. 32711556; Lindvall et 
al. 1992. Ann. Neurol. 311155; and Lindvall et al. 1992. 
Arch. Neurol. 461615). Apreferred dosage range for immu 
nosuppressive drugs, suitable for treatment of humans, is 
about 1-30 mg/kg of body Weight per day. A preferred 
dosage range for cyclosporin Ais about 1-10 mg/kg of body 
Weight per day, more preferably about 1-5 mg/kg of body 
Weight per day. Dosages can be adjusted to maintain an 
optimal level of the immunosuppressive drug in the blood of 
the recipient subject. For example, dosages can be adjusted 
to maintain a preferred serum level for cyclosporin A in a 
human subject of about 100-200 ng/ml. It is to be noted that 
dosage values may vary according to factors such as the 
disease state, age, sex, and Weight of the individual. Dosage 
regimens may be adjusted over time to provide the optimum 
therapeutic response according to the individual need and 
the professional judgment of the person administering or 
supervising the administration of the compositions, and that 
the dosage ranges set forth herein are exemplary only and 
are not intended to limit the scope or practice of the claimed 
composition. 
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[0104] In one embodiment of the invention, an immun 
suppressive drug is administered to a subject transiently for 
a suf?cient time to induce tolerance to the transplanted cells 
in the subject. Transient administration of an immunosup 
pressive drug has been found to induce long-term graft 
speci?c tolerance in a graft recipient (See Brunson et al. 
1991. Transplantation 521545; Hutchinson et al. 1981. 
Transplantation 321210; Green et al. 1979. Lancet 21123; 
Hall et al. 1985. J Exp. Med. 16211683). Administration of 
the drug to the subject can begin prior to transplantation of 
the cells into the subject. For example, initiation of drug 
administration can be a feW days (e.g., one to three days) 
before transplantation. Alternatively, drug administration 
can begin the day of transplantation or a feW days (generally 
not more than three days) after transplantation. Administra 
tion of the drug is continued for suf?cient time to induce 
donor cell-speci?c tolerance in the recipient such that donor 
cells Will continue to be accepted by the recipient When drug 
administration ceases. For example, the drug can be admin 
istered for as short as three days or as long as three months 
folloWing transplantation. Typically, the drug is adminis 
tered for at least one Week but not more than one month 
folloWing transplantation. Induction of tolerance to the 
transplanted cells in a subject is indicated by the continued 
acceptance of the transplanted cells after administration of 
the immunosuppressive drug has ceased. Acceptance of 
transplanted tissue can be determined morphologically (e.g., 
With skin grafts by examining the transplanted tissue or by 
biopsy) or by assessment of the functional activity of the 
graft. 
[0105] Another type of agent Which can be used to inhibit 
T cell activity in a subject is an antibody, or fragment or 
derivative thereof, Which depletes or sequesters T cells in a 
recipient. Antibodies Which are capable of depleting or 
sequestering T cells in vivo When administered to a subject 
are knoWn in the art. Typically, these antibodies bind to an 
antigen on the surface of a T cell. Polyclonal antisera can be 
used, for example anti-lymphocyte serum. Alternatively, one 
or more monoclonal antibodies can be used. Preferred T 
cell-depleting antibodies include monoclonal antibodies 
Which bind to CD2, CD3, CD4 or CD8 on the surface of T 
cells. Antibodies Which bind to these antigens are knoWn in 
the art and are commercially available (e.g., from American 
Type Culture Collection). Apreferred monoclonal antibody 
for binding to CD3 on human T cells is OKT3 (ATCC CRL 
8001). The binding of an antibody to surface antigens on a 
T cell can facilitate sequestration of T cells in a subject 
and/or destruction of T cells in a subject by endogenous 
mechanisms. Alternatively, a T cell-depleting antibody 
Which binds to an antigen on a T cell surface can be 
conjugated to a toxin (e.g., ricin) or other cytotoxic molecule 
(e. g., a radioactive isotope) to facilitate destruction of T cells 
upon binding of the antibody to the T cells. See PCT 
publication WO 95/26740, for further details concerning the 
generation of antibodies Which can be used in the present 
invention. 

[0106] Another type of antibody Which can be used to 
inhibit T cell activity in a recipient subject is an antibody 
Which inhibits T cell proliferation. For example, an antibody 
directed against a T cell groWth factor, such as IL-2, or a T 
cell groWth factor receptor, such as the IL-2 receptor, can 
inhibit proliferation of T cells (See e.g., DeSilva, D. R. et al. 
1991. J Immunol. 14713261-3267). Accordingly, an IL-2 or 
an IL-2 receptor antibody can be administered to a recipient 
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to inhibit rejection of a transplanted cell (see eg Wood et al. 
1992. Neuroscience 491410). Additionally, both an IL-2 and 
an IL-2 receptor antibody can be coadministered to inhibit T 
cell activity or can be administered With another antibody 
(e.g., Which binds to a surface antigen on T cells). 

[0107] An antibody Which depletes, sequesters or inhibits 
T cells Within a recipient can be administered at a dose and 
for an appropriate time to inhibit rejection of cells upon 
transplantation. Antibodies are preferably administered 
intravenously in a pharmaceutically acceptable carrier or 
diluent (e.g., a sterile saline solution). Antibody administra 
tion can begin prior to transplantation (e.g., one to ?ve days 
prior to transplantation) and can continue on a daily basis 
after transplantation to achieve the desired effect (e.g., up to 
fourteen days after transplantation). A preferred dosage 
range for administration of an antibody to a human subject 
is about 0.1-0.3 mg/kg of body Weight per day. Alternatively, 
a single high dose of antibody (e.g., a bolus at a dosage of 
about 10 mg/kg of body Weight) can be administered to a 
human subject on the day of transplantation. The effective 
ness of antibody treatment in depleting T cells from the 
peripheral blood can be determined by comparing T cell 
counts in blood samples taken from the subject before and 
after antibody treatment. Dosage regimes may be adjusted 
over time to provide the optimum therapeutic response 
according to the individual need and the professional judg 
ment of the person administering or supervising the admin 
istration of the compositions. Dosage ranges set forth herein 
are exemplary only and are not intended to limit the scope 
or practice of the claimed composition. 

[0108] The present invention is further illustrated by the 
folloWing examples Which in no Way should be construed as 
being further limiting. The contents of all cited references 
(including literature references, issued patents, published 
patent applications, and co-pending patent applications) 
cited throughout this application are incorporated herein by 
reference. 

EXAMPLES 

Example 1 

Treatment of Chronic Constriction Injury in Rats 

[0109] Chronic constriction injury (CCI) has been used as 
a model to test the ability of transplants to relive pain-related 
behaviors (Hama and Sagen. 1994. Pain. 521223). The 
peripheral neuropathy model of chronic pain developed by 
Bennett and Xie. 1988. Pain 33187) has been adopted and 
extensively studied by many laboratories. The Bennett 
model produces abnormal pain sensations by loose constric 
tive ligatures (4-0 chromic gut suture) tied around the rat’s 
sciatic nerve. These ligatures evoke intraneural edema, the 
sWelling is opposed by ligatures and the nerve strangulates 
(Bennett, 1993. Muscle and Nerve. 1611040). This model is 
often referred to as the chronic constriction injury model 
(CCI), because the nerve is constricted for at least 30 days. 
The predominant effect is a massive degeneration of large 
myelinated ?bers (AB) distal to the constriction With a 
distinctly less severe effect on small myelinated ?bers (A6) 
and unmyelinated C-?bers (Munger et al., 1992. Exp. Neu 
roL 1181204). 
[0110] Examples of behavioral tests Which can be per 
formed to assess pain sensitivity folloWing CCI include1 
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cold allodynia (the response to cold stimuli), thermal hype 
ralgesia (the response to heat stimuli), and mechanical 
allodynia (the response to normally innocuous mechanical 
stimuli, e.g., von Frey hairs) (Eaton et al. 1997. Pain. 72:59). 

[0111] Fetal Porcine Cell Isolation 

[0112] Donor gilts for research purposes Were procured 
from Parson’s Farm (Hadley, Mass.) or Tufts University 
School of Veterinary Medicine Where timed pregnancies 
Were obtained by natural breeding or arti?cial insemination. 
Fetal lateral ganglionic eminence (LGE) tissue Was dis 
sected from the ventrolateral Wall of the lateral ventricle 
(PakZaban et al. 1995. Neuroscience 65, 938-996.). LGE 
tissue from 8-12 fetuses Was minced, and pooled. The fetal 
tissue Was incubated With 0.5% Trypsin-EDTA in Hanks 
balanced salt solution (HBSS). To facilitate dissociation, the 
tissue Was Washed in the presence of DNase (?nal concen 
tration 50 ug/ml). FolloWing Washing, the tissue Was tritu 
rated in the presence of DNase by passing it through ?re 
polished Pasteur pipettes With decreasing bore siZe until a 
single cell suspension Was attained. The cells Were Washed 
and re-suspended in the appropriate media for transplanta 
tion at a concentration of approximately 100,000 cells per 
microliter. 

[0113] Prior to transplantation approximately half of the 
obtained LGE cells Were immunomodulated With an anti 
MHC Class I F(ab‘)2 fragment to prevent rejection. Cells 
Were resuspended to 1><107 cells per ml in HBSS containing 
10 pg per ml anti-MHC Class I F(ab‘)2 fragment (PT85, 
Veterinary Medicine Research and Development Inc.). Fol 
loWing a 1 hour incubation period, the cells Were rinsed to 
remove unbound F(ab‘)2 fragment and resuspended in Trans 
plantation Media. 

[0114] Animals and Experimental Design 

[0115] 13 female (200-235 g starting Weight) Sprague 
DaWley (Taconic Farms) Were used in this study. Experi 
mental design consisted of 2 treatment groups: 7 animals 
received transplanted porcine LGE cells and Were immuno 
suppressed With daily injections of Cylcosporin A (15 
mg/kg, s.c.), 6 immunosuppressed rats received a control 
saline transplant. The Weight of all of the animals in the 
study over time (at the initiation of the study (baseline), post 
CCI injury (CCI), and post transplant (post tp) )Was com 
parable (FIG. 1). 
[0116] Transplantation Surgery 

[0117] Intraspinal transplantation Was achieved by using 
methods previously described (Reier et al. 1986. J Comp. 
Neurol. 247:275-296; Stokes, B. T. and Reier, P. J. 1992. 
Exp. Neurol. 116:1-12). Rats Were anesthetiZed With ket 
amine (87 mg/ml) and ZylaZine (13 mg/ml) for all surgical 
procedures. Several spinal segments (T12-L2) of the spinal 
cord Were exposed via drilling or laminectomy and the cord 
Was immobiliZed on a frame to ensure stereotaxic implan 

tation. Engraftment Was accomplished by injecting 1 ul of 
1x10 cells through a glass micropipette attached to a 1 ul 
Hamilton syringe into the intact lumbar spinal cord. The 
pulled micropipettes have an outside diameter of 50-100 um, 
thus increasing the accuracy of delivering cells to small 
targets and decreasing the damage caused by the needle. 
TWo discrete deposits of 0.5 ul of either saline or 0.5><105 
cells of porcine cells Were injected each over a one minute 
period Within the same needle track at the folloWing coor 
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dinates relative to the dorsal spinal artery: lateral —0.7 mm; 
ventral —0.7 mm and —0.5 mm. There Was a one minute Wait 

betWeen injections. In addition, the glass tip remained in the 
spinal cord for 5 minutes folloWing the —0.5 mm injection to 
prevent back How out of LGE cells upon removal of the 
micropipette tip. The musculature Was sutured (3-0 ethicon), 
and the skin closed With autoclips. 

[0118] Behavioral Assessment of Sensory Processing 

[0119] Animals Were alloWed to recover from surgical 
procedures for one Week prior to commencement of behav 
ioral testing. Observation of behavior Was conducted over 
time (at the initiation of the study (baseline), post CCI injury 
(CCI), and post transplant (post tp)). Responses to noxious 
and innocuous stimuli Were determined using three tests 
sequentially: a copper plate chilled over ice to 4° C. for cold 
allodynia, von Frey thresholds for tactile allodynia, and a pin 
prick test for mechanical hyperalgesia. To assess abnormal 
response to the cold, rats Were placed in a clear plexi-glass 
box upon a copper plate chilled to 4° C. Testing Was 
monitored for 5 minutes. The duration of paW(s) lifts Was 
recorded during the testing period. FIG. 2 shoWs that 
animals Which received neural cells (open diamonds) 
shoWed a reduced sensitivity to pain as demonstrated by 
loWer paW lift duration using this test (statistical signi?cance 
is indicated by the asterisk). For assessment of tactile 
allodynia, a series of calibrated von Frey hairs, ranging from 
3.6-75 .9 g Were used. Animals Were placed on an elevated 
plastic grafted surface and von Frey hairs Were indented on 
the hind paW mid-plantar skin until they just bent 5 times at 
a frequency of approximately 2/sec (SeltZer et al. 1991. Pain 
45, 69-75.). Testing Was alternated betWeen both hind paWs 
until WithdraWal threshold Was reached (average of both 
sides). FIG. 3 shoWs that animals that received neural cells 
(open diamonds) shoWed a reduced sensitivity to pain as 
measured by higher paW WithdraWal threshold using this test 
(statistical signi?cance is indicated by the asterisk). To 
assess mechanical hyperalgesia, a single prick Was applied 
to the mid plantar glabrous surface of each hind paW. 
Responses Were recorded as duration for Which the paW(s) 
Was raised (SeltZer, et al. 1990. Pain 43, 205-218.). FIG. 4 
shoWs that animals that received neural cells (open dia 
monds) had loWered paW WithdraWal duration than animals 
that received saline using this test (statistical signi?cance is 
indicated by the asterisk). 

[0120] Behavioral Assessment of Motor Integration 

[0121] Locomotion Was assessed using the Basso, Beattie, 
and Beshnahan (Basso et al. 1996. Journal ofNeurotrauma. 
13:343; Basso et al. 1996. ExperimentalNeurology 139:244) 
modi?ed locomotion open ?eld test. In this test, rats Were 
given scores based upon their locomotion ability. The scale 
ranges from 0 to 21, Where 0 is no hind limb movement, and 
21 produces normal gait responses and free easy movement, 
With appropriate paW placement. FIG. 5 shoWs that all of the 
animals in the study shoWed normal behavior using this test. 

[0122] The ability of a rat to transverse a Widely spaced 
Wire mesh (4x4 cm spaces) Was determined. The ability to 
grasp the Wire during Walking Was observed. A positive 
re?ex occurs as a grasping response When the hind paWs 
contacted and grasped the Wires. Normal rats should shoW 
this re?ex With every step as they transverse the grid. The 
ability of rats to cross 5 open squares on the grid Was scored. 
An uninjured rat should receive a score of 5 on the grid 
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Walking test, Which translates to 5 successful grasps on 5 
open squares (Siegan, J. B., and Sagen, J. 1997. Pharmacol. 
Biochem. Behav. 58, 1-8.). FIG. 5 shoWs that all of the 
animals in the study showed normal behavior (N) using this 
test. 

[0123] The ability for a rat to transverse an elevated beam 
(1.5 m><4.7 cm) Was assessed. Incorporation of both 
supraspinal and propiospinal pathWays Were utiliZed to 
facilitate correct placement of all four limbs and alloW the 
rat to maintain postural balance. The ability of the animal to 
cross the beam Was scored according a 5 point scale Where 
5 is normal. FIG. 5 shoWs that all of the animals in the study 
shoWed normal behavior using this test. 

[0124] Histological Procedures 

[0125] Animals Were sacri?ed 4 Weeks folloWing trans 
plantation of LGE cells or saline. Transcardial perfusion Was 
performed on each animal With .9% hepariniZed saline 
folloWed by Zamboni’s ?xative. Spinal cords Were post 
?xed for 24 hours in the vertebral column prior to identi? 
cation and removal of the transplanted area. Spinal cord 
tissue Was paraf?n embedded and seconded at 5-7 pm. Serial 
sections Were stained With hematoxylin and eosin to appro 
priately identify the transplanted area prior to performing 
additional immunohistochemistry. 

[0126] Selected spinal cord sections Were deparaf?niZed 
and analyZed for porcine cells With a pig repetitive DNA 
sequence as a probe, porcine cell nuclei Were detected by in 
situ hybridiZation as previously described (Deacon, et al. 
1997. Nat. Med. 3:350; Galpern, et al. 1996. Exp. Neurol. 
140: 1). In this Way, LGE cells have been visualiZed in the 
splina cords of recipient animals, thus con?rming that LGE 
cells transplanted into the intact rat spinal cord Were not of 
host origin and that these cells survived in the host animals. 

Example 2 

Methods of Detecting Pathogens in SWine 

[0127] A. Collecting, processing, and analyZing pig 
samples for signs of pathogens 

[0128] For detecting pathogens in sWine samples can be 
taken from any source, e.g., blood, serum, urine, feces, or 
tissue, as appropriate for the particular pathogen to be 
detected. Appropriate samples to take for detection of a 
given pathogen and means of detection pathogens are knoWn 
in the art and include, e.g., serological assays, identi?cation 
of pathogen genetic material (e.g., by PCR), and/or culture 
of pathogens. 

[0129] In one example, feces are extracted from the pig’s 
rectum manually and placed in a sterile container. About a 
1.5 cm diameter portion of the specimen Was mixed thor 
oughly in 10 ml of 0.85% saline. The mixture is then 
strained sloWly through a Wire mesh strainer into a 15 ml 
conical centrifuge tube and centrifuged at 650><g for 2 
minutes to sediment the remaining fecal material. The 
supernatant is decanted carefully so as not to dislodge the 
sediment and 10% buffered formalin Was added to the 9 ml 
mark, folloWed by thorough mixing. The mixture is alloWed 
to stand for 5 minutes. 4 ml of ethyl acetate is added to the 
mixture and the mixture is capped and mixed vigorously in 
an inverted position for 30 seconds. The cap is then removed 
to alloW for ventilation and then replaced. The mixture is 
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centrifuged at 500><g for 1 minute (four layers should result: 
ethyl acetate, debris plug, formalin and sediment). The 
debris plug is rimmed using an applicator stick. The top 
three layers are carefully discarded by pouring them off into 
a solvent container. The debris attached to the sides of the 
tube is removed using a cotton applicator sWab. The sedi 
ment is mixed in either a drop of formalin or the small 
amount of formalin Which remains in the tube after decant 
ing. TWo separate drops are placed on a slide to Which a drop 
of Lugol’s iodine is added. Both drops are coverslipped and 
carefully examined for signs of pathogens, e.g., protoZoan 
cysts of trophoZoites, helminth eggs and larvae. ProtoZoan 
cyst identi?cation is con?rmed, When required, by trichrome 
staining. 
[0130] B. Co-cultivation assay for detecting the presence 
of human and animal viruses in pig cells 

[0131] Materials 

[0132] Cell Lines 

[0133] African green monkey kidney, (VERO), cell line 
American Type Culture Collection, (ATCC CCL81), human 
embryonic lung ?broblasts, (MRC-5) cell line American 
Type Culture Collection, (ATCC CCL 171), porcine kidney, 
(PK-15), cell line American Type Culture Collection, 
(ATCC CRL 33), porcine fetal testis, (ST), cell line Ameri 
can Type Culture Collection, (ATCC CRL 1746) 

[0134] Medium Antibiotics, and Other Cells, and Equip 
ment 

[0135] Fetal calf serum, DMEM, Penicillin 10,000 units/ 
ml, Streptomycin 10 mg/ml, Gentamicin 50 mg/ml, guinea 
pig erythrocytes, chicken erythrocytes, porcine erythrocytes, 
Negative Control (sterile cell culture medium), Positive 
Controls: VERO and MRC-5 Cells: Poliovirus type 1 attenu 
ated, (ATCC VR-1 92) and Measles virus, Edmonston strain, 
(ATCC VR-24), PK-1 5 and ST Cells: SWine in?uenZa type 
A, (AT CC VR-99), Porcine Parvovirus, (ATCC VR-742), 
and Transmissible gastroenteritis of sWine, (ATCC VR-743). 
Equipment: tissue Culture Incubator, Inverted Microscope, 
Biological Safety Cabinet. 

[0136] These materials can be used in a co-cultivation 
assay (a process Whereby a test article is inoculated into cell 
lines (VERO, MRC-5, PK1 5, and ST) capable of detecting 
a broad range of human, porcine and other animal viruses). 
Hsuing, G. D., “Points to Consider in the CharacteriZation of 
Cell Lines Used to Produce Biologicals” in Diagnostic 
Virology, 1982 (Yale University Press, NeW Haven, Conn., 
1982). 
[0137] Experimental Design and Methodology 
[0138] A total of three ?asks (T25) of each cell line are 
inoculated With at least 1 ml of test article. Three ?asks of 
each cell line can also be inoculated With the appropriate 
sterile cell culture medium as a negative control. Positive 
control viruses are inoculated into three ?asks of each cell 
line. After an absorption period, the inoculate is removed 
and all ?asks incubated at 35-37° C. for 21 days. All ?asks 
are observed at least three times per Week for the develop 
ment of cytopathic effects, (CPE), of viral origin. Harvests 
are made from any ?asks inoculated With the test article that 
shoW viral CPE. 

[0139] At Day 7 an aliquot of supernatant and cells from 
the ?asks of each test article are collected and at least 1 ml 
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is inoculated into each of three neW ?asks of each cell line. 
These subcultures are incubated at 35-37° C. for at least 14 
days. All ?asks are observed and tested as described above. 

[0140] At Day 7, the ?asks from each test article are also 
tested for viral hemadsorption, (HAd), using guinea pig, 
monkey and chicken erythrocytes at 2-8° C. and 35-37° C. 
at 14 days postinoculation. 

[0141] At Day 21, if no CPE is noted, an aliquot of 
supernatant from each ?ask is collected, pooled, and tested 
for viral hemagglutination, (HA), using guinea pig, monkey, 
and chicken erythrocytes at 2-8° C. and 35-37° C. Viral 
identi?cation is based on characteristic viral cytopathic 
e?'ects (CPE) and reactivity in HA and HAd testing. 

[0142] The test samples are observed for viral cytopathic 
effects in the folloWing manner: All cultures are observed for 
viral CPE at least three times each Week for a minimum of 
21 days incubation. Cultures are removed from the incubator 
and observed using an inverted microscope using at least 
40x magni?cation. 100>< or 200x magni?cation is used as 
appropriate. If any abnormalities in the cell monolayers, 
including viral CPE, are noted or any test articles cause total 
destruction of the cell monolayer, supernatant and cells are 
collected from the ?asks and samples are subcultured in 
additional ?asks of the same cell line. Samples can be stored 
at —60° to —80° C. until subcultured. After 7 and 14 days 
incubation, tWo blind passages are made of each test article 
by collecting supernatant and cells from all ?asks inoculated 
With each sample. Samples can be stored at —60° to —80° C. 
until subcultured. 

[0143] Hemadsorbing viruses are detected by the folloW 
ing procedure: after 21 days of incubation, a hemadsorption 
test is performed to detect the presence of hemadsorbing 
viruses. Supernatant ?uids are collected and pooled from 
each ?ask inoculated With test articles or controls. Fluids are 
tested using guinea pig, monkey, and chicken erythrocytes. 
Hemagglutination testing is also performed after 21 days of 
incubation of the subcultures. Viral isolates are identi?ed 
based on the cell line Where groWth Was noted, the charac 
teristics of the viral CPE, the hemadsorption reaction, and 
hemagglutination reactions, as appropriate. The test article is 
considered negative for the presence of a viral agent, if any 
of the cell lines used in the study demonstrate viral, CPE, 
HA, or HAd in a valid assay. 

[0144] C. Procedure for preparing and maintaining cell 
lines used to detect viruses in pig cells 

[0145] Materials 

[0146] Fetal calf serum (FCS), DMEM, Penicillin 10,000 
unit/ml, Streptomycin 10 mg/ml, Gentamicin 50 mg/ml, T25 
tissue culture ?asks, tissue culture incubator (5% CO2, 37° 
C.) 
[0147] Procedure 

[0148] Aseptic techniques are folloWed When performing 
inoculations and transfers. All inoculations and transfers are 
performed in a biological safety cabinet. Media is prepared 
by adding 10% FCS for initial seeding, 5% FCS for main 
tenance of cultures, as Well as 5.0 ml of penicillin/strepto 
mycin and 0.5 ml of gentamicin per 500 ml media. Su?icient 
media is added to cover the bottom of a T25 tissue culture 
?ask. The ?ask is seeded With the desired cell line and 
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incubated at 37° C., 5% CO2 until cells are 80 to 100% 
con?uent. The ?asks are then inoculated With virus 

(QCP25). 
[0149] D. Preparation of erythrocyte (rbc) suspensions 
used in hemadsorption (HAd) and hemagglutination (HA) 
virus detection testing 

[0150] Materials 

[0151] Phosphate buffered saline, (PBS), pH 7.2, guinea 
pig erythrocytes stock solution, porcine erythrocytes stock 
solution, chicken erythrocytes stock solution, sterile, dispos 
able centrifuge tubes, 15 or 50 ml Laboratory centrifuge 

[0152] Procedure 

[0153] An appropriate amount of erythrocytes (rbc) is 
obtained from stock solution. The erythrocytes are Washed 3 
times With PBS by centrifugation at approximately 1000><g 
for 10 minutes. A 10% suspension is prepared by adding 9 
parts of PBS to each one part of packed erythrocytes. The 
10% rcb suspensions are stored at 2-8° C. for no more than 
one Week. 0.5% ecb suspensions are prepared by adding 19 
parts of PBS to each one part of 10% rbc suspension. Fresh 
0.5% rbc suspensions are prepared prior to each day’s 
testing. 

[0154] Hemagglutination (HA) test 

[0155] Ahemagglutination test is a test that detects viruses 
With the property to agglutinate erythrocytes, such as sWine 
in?uenZa type A, parain?uenZa, and encephalomyocarditis 
viruses, in the test article. Hsuing, G. D. 1982. Diagnostic 
Virology (Yale University Press, NeW Haven, Conn.);. 
Stites, Daniel P and Terr, Abba I, 1991, Basic and Clinical 
Immunology (Appleton & Lange, East NorWalk, Conn.). 

[0156] Materials 

[0157] Supernatants from ?asks of the VERO cell line, 
MRC-5 inoculated With the test article, ?asks of positive and 
negative controls, phosphate buffered saline (PBS), pH 7.2, 
guinea pig erythrocytes (GPRBC), 0.5% suspension in PBS, 
chicken erythrocytes (CRBC), 0.5% suspension in PBS, 
porcine erythrocytes (MRBC), 0.5% suspension in PBS 

[0158] Procedure 

[0159] All sample collection and testing is performed in an 
approved biological safety cabinet. 0.5% suspensions of 
each type of erythrocytes are prepared as described above. 
The HA test on all cell lines inoculated With samples of the 
test articles at least 14 days post-inoculation. Positive and 
negative control cultures are included for each sample and 
monolayers are examined to ensure that they are intact prior 
to collecting samples. 

[0160] At least 1 ml of culture ?uid from each ?ask 
inoculated With the test article is collected and pooled. 1 ml 
samples from the negative and positive control cultures are 
also collected and pooled. A set of tubes is labeled With the 
sample number and type of erythrocyte (distinguish positive 
and negative suspension) to be added. Racks may be labeled 
to differentiate the type of erythrocyte. 0.1 ml of sample is 
added to each tube. 0.1 ml of the appropriate erythrocyte 
suspension is added to each tube. Each tube is covered With 
para?lm and miXed thoroughly. One set of tubes is incubated 
at 2-8° C. until tight buttons form in the negative control in 






