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(57) ABSTRACT 

Methods and compositions for preventing and treating the 
damaged and/or degenerating CNS experiencing loss or 
death of CNS cells. Various embodiments of the invention 
transport a therapeutically effective amount of, inter alia, at 
least one therapeutic cell to the CNS by intranasal application 
to the upper-third of the nasal cavity, thereby bypassing the 
blood-brain barrier. A pharmaceutical composition according 
to the invention may comprise at least one therapeutic cell, at 
least one delivery-enhancement agent, at least one antibiotic, 
at least one regulatory factor and/or at least one immunosup 
pressive agent, Wherein the composition is delivered to the 
upper-third of the nasal cavity. The therapeutic cells, once 
delivered to the CNS, migrate preferentially to the area of 
damage or degeneration or injury. 
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METHODS, PHARMACEUTICAL 
COMPOSITIONS AND ARTICLES OF 

MANUFACTURE FOR ADMINISTERING 
THERAPEUTIC CELLS TO THE ANIMAL 

CENTRAL NERVOUS SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of provisional 
application No. 60/971,284 ?led Sep. 11, 2007 entitled 
“Intranasal Delivery of Therapeutic Cells to the Central Ner 
vous System”, the entire contents of Which are hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention is directed to methods and 
pharmaceutical compositions for administering therapeutic 
cells to the upper third of the nasal cavity of a mammal, 
thereby enabling the therapeutic cells to bypass the blood 
brain barrier to prevent and/ or treat the mammal’s damaged 
and/ or degenerating and/ or injured central nervous system. 
[0004] 2. Description of the Related Art 
[0005] Many neurological conditions result from damage 
to or the loss, i.e., death, of certain cell populations from the 
central nervous system through aging, disease or injury. The 
cells damaged or destroyed in these conditions are not intrin 
sically replaced, thus the central nervous system is damaged 
and/or degenerating With resulting loss of function. Recent 
evidence demonstrates that neuronal replacement and partial 
reconstruction of neuronal circuitry is possible via cell trans 
plantation therapies. Much of the initial Work in the ?eld used 
fetal-cell therapies. More recently, hoWever, it has become 
evident that the developing and even the adult mammalian 
nervous system contains a population of undifferentiated, 
multipotent, neural stem cells that display plastic properties 
that are advantageous for the design of more effective neural 
regenerative strategies for many of these neurological condi 
tions. 
[0006] The neurological conditions, diseases and/or inju 
ries resulting in damaged and/or degenerating CNS, i.e., cell 
death, comprise AlZheimer’s disease, mild cognitive impair 
ment, age-associated memory impairment, Parkinson’s dis 
ease, cerebrovascular disease including stroke, CreutZfeldt 
Jakob disease, familial amyotrophic lateral sclerosis, leWy 
body dementia, atherosclerosis, schizophrenia, autism, 
tardive dyskinesia, multiple sclerosis, seiZure disorders, Wil 
son’s disease, progressive supranuclear palsy, Hallervorden 
SpatZ syndrome, multisystem atrophy, Huntington’s disease, 
familial basal ganglia degeneration, DoWn’s syndrome, cata 
racts, haemochromatosis, thalassemia, cerebral hemorrhage, 
subarachnoic hemorrhage, head injury, and spinal cord injury. 
Moreover, certain medical procedures, for example coronary 
artery bypass graft (CABG) surgery, are associated With neu 
rological complications that result in damage and/or degen 
eration of the central nervous system and concomitant cell 
death. In the case of CABG, the surgery is performed on more 
than 800,000 patients WorldWide each year. Many of the 
CABG procedures performed are associated With neurologi 
cal complications. These complications range from stroke in 
up to 16% of the patients to general cognitive decline With 
50% of patients having impairment post-surgery and With 
progressive decline occurring in some patients over the next 
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?ve years. In addition, physical and behavioral impairment 
manifest in some CABG patients. NeWman M F et al., N. Eng. 
J. Med. 344:395-402 (2001); Brillman 1., Neurol. Clin. 
11:475-495 (1993); and Selnes, O. A., Ann. Thorac. Surg. 
67: 1669-1676 (1999) are instructive. 
[0007] Neural stem cells have been demonstrated to replace 
lost and dying cells and lost neural circuits in the damaged 
and/or degenerating CNS in cell replacement therapies. For 
instance, treatment of mice With MPTP, a drug that selectively 
destroys dopaminergic cells in the brain stem, folloWed by 
grafting With a neural stem cell population, resulted in a 
reconstituted dopaminergic cell population composed of both 
donor and host cells. Similar studies in mice using a hypoxia 
ischemic brain injury model shoWed transplantation of neural 
stem cells enhanced the recovery of the damaged system 
(Park et al. (1999) J. Neurotrauma 16:675-687 and Park et al. 
(1997) Soc. Neurosci. Abst. 231346). In patients With stroke, 
the transplantation of cells from a human neuronal cell line 
shoWed improvement of neurological function. (KondZiolka 
D., et al., (2000) “Transplantation of cultured human neu 
ronal cells for patients With stroke”. Neurology. 55:565-9). In 
a mouse model of AlZheimer’s disease, the transplantation of 
neural stem cells into the prefrontal and parietal cortices 
dramatically alleviated the cholinergic de?cits and recent 
memory disruption associated With AD. (Wang, Q., et al., 
(2006) “Neural stem cells transplantation in cortex in a mouse 
model ofAlZheimer’s disease. J Med Invest., 53:61-9). 
[0008] Further, in Parkinson’s disease, the neurons that 
degenerate in the mammalian central nervous system com 
prise the dopaminergic neurons of the substantia nigra. Cur 
rent cell replacement strategies for patients With advanced 
Parkinson’s disease comprise intrastriatal grafts of nigral 
dopaminergic neurons from 6- to 9-Week-old human 
embryos. Clinical improvements develop gradually over the 
?rst 6-24 months after transplantation (OlanoW et al. (1996) 
Trends Neurosci. 19: 102-109 and Lindvall et al. (1999) Mov. 
Disord. 141201-205). It has been shoWn that stem cell trans 
plants of different origin, e. g., hematopoietic, embryonic, 
result in several clinical bene?ts in patients With severe Par 
kinson’s disease. (Freed, C R, et al. (Transplantation of 
embryonic dopamine neurons for severe Parkinson’s disease. 
N Engl J Med 2001; 344:710-719). 
[0009] Similar bene?ts Were realiZed With progressive mul 
tiple sclerosis patients. (Ni X S, et al., (2006) “Autologous 
hematopoietic stem cell transplantation for progressive mul 
tiple sclerosis: report of e?icacy and safety at three yr of 
folloW up in 21 patients” Clin Transplant. 20:485-9) (further 
suggesting that MS treatment should combine immunomodu 
lation With neuroprotective modulaties such as cell-based 
therapy to achieve maximal clinical bene?t). 
[0010] Further, the ?rst study of human fetus-to-adult stri 
atal transplantation has been performed in three nondemented 
patients With moderately advanced Huntington disease. Mag 
netic resonance imaging evaluation at 1 year documented 
graft survival and groWth Without displacement of surround 
ing tissue. All patients improved on some measure of cogni 
tive function. (Kopyov et al. (1998) J. Exp. Neurol. 149:97 
108). See also, Date et al. (1997) J. Exp. Neurol. 147:10-17. 
[0011] Each of the knoWn models and methods for thera 
peutic cell-based therapies require surgical intervention, i.e., 
transplantation, of neural stem cells using invasive grafting 
techniques and/or systemic delivery methods that do not tar 
get the damaged areas of the central nervous system. It Would 
be highly advantageous to provide a method, pharmaceutical 
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composition and/or article of manufacture or kit that Would 
provide therapeutic cells, including but not limited to neural 
stem cells, in a non-invasive and highly targeted manner. For 
example, it Would be advantageous to deliver such therapeu 
tic cells to the degenerating central nervous system in such a 
Way as to avoid systemic exposure. No knoWn method or 
pharmaceutical composition currently provides such advan 
tages. The present invention provides these advantages by 
applying the therapeutic cells to the upper third of the nasal 
cavity, thereby bypassing the blood-brain barrier and admin 
istering the therapeutic cells and other compounds directly to 
the central nervous system. 

[0012] Certain embodiments of the present invention com 
prise nasal and/or mucosal antibiotics to assist in protecting 
the subject patient from nasal bacteria migrating along the 
neural pathWay folloWed by the applied therapeutic cells and/ 
or pharmaceutical compound. Such antibiotics are Well 
knoWn as applied topically, but none are administered as a 
pretreatment, co-treatment and/or post-treatement, either 
systemically and/or intranasally, in conjunction With intrana 
sal application of therapeutic cells and/or pharmaceutical 
compound. 
[0013] For example, in one study, mupirocin smeared 
inside the nose cut infection rates in half or better Staphylo 
coccus aureus is a Widely distributed germ that normally 
resides in the nostrils of an estimated 25 to 30 percent of all 
hospitaliZed patients Without causing harm. But this bacteria 
can contaminate surgical sites, causing severe and often 
deadly infections, especially in people With weakened 
immune systems. 
[0014] Another study found that nasal xylitol, an over the 
counter remedy sold in health food stores, can reduce nasal 
bacteria and their ability to hold onto and infect cells in the 
nasal mucosa. Still other studies have found that defensins, a 
natural antibiotic found in mucosa in the human, can protect 
against bacterial infection and enhance immune protective 
function. Mammalian defensins are small, cationic, antimi 
crobial peptides encoded by the host that are considered to be 
important antibiotic-like effectors of innate immunity. By 
using chemokine receptors on dendritic cells and T cells, 
defensins might also contribute to the regulation of host adap 
tive immunity against microbial invasion. Defensins have 
considerable immunological adjuvant activity and linkage of 
beta-defensins or selected chemokines to an idiotypic lym 
phoma antigen has yielded potent antitumor vaccines. The 
functional overlap betWeen defensins and chemokines is rein 
forced by reports that some chemokines have antimicrobial 
activities. Although shoWing similarity in activity and overall 
tertiary structure, the evolutionary relationship betWeen 
defensins and chemokines remains to be determined. (De 
Yang, et al., Mammalian defensins in immunity: more than 
just microbicidal. Trends Immunol. 2002 Jun.; 23 (6):291-6 
12072367). 
[0015] Moreover, it is Well knoWn that regulatory agents 
comprising trophic and groWth factors such as erythropoietin 
(EPO), brain-derived neurotrophic factor (BDNF), nerve 
groWth factor (NGF), ?broblast groWth factor (FGF) and 
epidermal groWth factor (EGF) play a crucial role in in-vitro 
and in-vivo survival and differentiation of stem cells (Erick 
son et al., Roles of insulin and transferrin in neural progenitor 
survival and proliferation. J Neurosci Res. 2008 Feb. 21; 
Bossolasco et al., Neuro-glial differentiation of human bone 
marroW stem cells in vitro. Exp Neurol. 2005 June; 193(2): 
312-25). The better survival of surgically transplanted cells 
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Was shoWn in the case of simultaneous application of EPO 
(Kanaan et al., Exogenous erythropoietin provides neuropro 
tection of grafted dopamine neurons in a rodent model of 
Parkinson’s disease. Brain Res. 2006 Jan. 12;1068(1):221-9). 
HoWever, it is not knoWn to introduce such regulatory factors 
or agents in conjunction With the intranasal application of 
therapeutic cells and/or pharmaceutical compositions 
thereof, to the upper third of the nasal cavity, thus bypassing 
the blood-brain barrier. 

[0016] In addition, it is Well knoWn that regulatory agents 
comprising various groWth factors including insulin-like 
groWth factor-I (IGF-I), nerve groWth factor (NGF), andbasic 
?broblast groWth factor (bFGF), regulate the survival and 
differentiation of nerve cells during the development of the 
peripheral and central nervous systems. Regulatory agents 
such as neurotrophins are also required for nerve groWth 
during development (Tucker et al. (2001) Nature Neurosci. 
4:29-37). In the mature nervous system, these trophic factors 
maintain the morphologic and neurochemical characteristics 
of nerve cells and strengthen functionally active synaptic 
connections. Such regulatory factors ?nd use in enhancing 
the methods of cell-replacement therapies according to the 
present invention. 
[0017] For instance, bFGF enhances survival and groWth of 
neurons in vitro. Further, bFGF produces a potent groWth 
promoting effect on implanted neurons in vivo When the 
implanted neurons are genetically engineered to express the 
bFGF (Takayama et al. (1995) Nat. Med. 1:53-8). In addition, 
implantation of polymer-based bioactive rods that secrete 
epidermal groWth factor and bFGF into transplanted fetal 
ventral mesencephalic tissue result in both improved func 
tional characteristics and enhanced cell survival (Tomquvist 
et al. (2000) Exp. Neurol. 164:130-138). 
[0018] Nerve groWth factor (N GF) has also been shoWn to 
in?uence grafted tissue in the CNS. For example, CHAT 
activity, an assay indicative of cholinergic cell activity, Was 
elevated signi?cantly in cholinergic neurons that Were trans 
planted into brain tissue that contained an NGF-releasing 
pellet adjacent to the grafted cells (Mahoney et al. (1999) 
Med. Sci. 96:4536-4539). IGF-I has also been shoWn to pro 
mote differentiation of post-mitotic mammalian CNS neu 
ronal stem cells and to in?uence apoptosis of human eryth 
roid progenitor cells. See, for example, Arsenijevic et al. 
(1998) J. Neurosci. 18:2118-2128; Tanigachi et al. (1997) 
Blood 90:2244-2252; Reboarcet et al. (1996) J. Biol. Reprod. 
55:1119-1125; Muta et al. (1994) J. Clin. Invest. 94:34-43; 
and, Muta et al. (1993) J. Cell. Phys. 156:264-271. Addition 
ally, it has been shoWn that certain groWth associated pro 
teins, such as, GAP-43 and CAP-23 act to promote regenera 
tion of injured axons and may support regeneration in the 
spinal cord and CNS. See, for example, BomZe et al. (2001) 
Nature Neurosci. 4:38-43 and Woolf et al. (2001) Nature 
Neurosci. 4:7-9. 

[0019] Administration of regulatory agents as a means of 
improving the clinical outcome of a mammal having under 
gone a neural regenerative, i.e., therapeutic cell-based strat 
egy has, hoWever, been meet With di?iculty. Generally, these 
agents cannot be administered systemically. Furthermore, 
many of these regulatory agents do not cross the blood-brain 
barrier ef?ciently. Intracerebroventricular administration, 
While possibly an effective method for delivering regulatory 
agents, is an invasive technique that is not preferred in a 
clinical setting. Implantation of polymers containing regula 
tory agents is also invasive and is further limited by the 
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relatively small radius surrounding the polymer implant in 
Which the regulatory agent is capable of eliciting an effect. 
Additionally, While genetic engineering of the transplanted 
cells to express regulatory agents has been performed, stable 
transfection and survival of the cells folloWing implantation 
continues to be problematic. 
[0020] The present invention provides solutions for, inter 
alia, these problems. 

SUMMARY OF THE INVENTION 

[0021] Given the situation described above there is a need 
for a method for ef?cient and non-invasive delivery of thera 
peutic cells and/or pharmaceutical compositions to the dam 
aged and/ or degenerating central nervous system. 
[0022] The present invention is directed to, inter alia, the 
prevention and/or treatment of the damaged and/or degener 
ating central nervous system due to a disease or other condi 
tion that causes the loss or death of CNS cells. Speci?cally, 
the present invention provides a method, pharmaceutical 
composition and article of manufacture for transporting a 
therapeutically effective amount of at least one therapeutic 
cell to the CNS by intranasal application to the upper third of 
the nasal cavity, thereby bypassing the blood-brain barrier 
and avoiding unWanted systemic exposure as Well as invasive 
delivery methods. 
[0023] Various embodiments of the present invention com 
prise intranasal prevention, pretreatment, post-treatment and/ 
or as a component of the pharmaceutical composition com 
prising therapeutic cells of a therapeutically effective amount 
of a delivery-enhancement agent(s) to enhance delivery of the 
therapeutic cell(s) to the CNS. Still other embodiments com 
prise at least one antibiotic applied intranasally and/or sys 
temically as a pretreatment, a co-treatment (either adminis 
tered simultaneously or as a component of the therapeutic 
composition comprising therapeutic cells) and/or a post 
treatment device to protect the patient during therapeutic cell 
therapy. Still other embodiments comprise administering a 
therapeutically effective amount of at least one regulatory 
agent to the upper third of the mammalian nasal cavity as a 
pretreatment, post-treatment and/ or as part of the pharmaceu 
tical composition comprising the therapeutic cells. Still other 
embodiments comprise at least one immunosuppressive 
agent applied intranasally and/or systemically as a pretreat 
ment, a co-treatment (either administered simultaneously or 
as a component of the therapeutic composition comprising 
therapeutic cells) and/or a post-treatment device to enhance 
the viability of therapeutic cells in vivo during therapeutic 
cell therapy. The present invention ?nds use in improving the 
clinical outcome of a mammal having undergone a neural 
regenerative strategy comprising the bypassing of the blood 
brain barrier of therapeutic cells transported directly into the 
CNS of the mammal. 
[0024] Various embodiments of the invention relate to 
methods and pharmaceutical compositions for preventing 
and treating neurological damage and degeneration, i.e., cell 
loss and death Within the CNS and the resulting effects, 
including but not limited to treating memory loss and improv 
ing memory loss, due to cerebral ischemia and/ or neurode 
generation for patients at risk for, or diagnosed With, certain 
medical conditions such as AlZheimer’s disease, mild cogni 
tive impairment, age-associated memory impairment, Par 
kinson’s disease, cerebrovascular disease including stroke, 
CreutZfeldt-Jakob disease, familial amyotrophic lateral scle 
rosis, leWy-body dementia, atherosclerosis, schiZophrenia, 
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autism, tardive dyskinesia, multiple sclerosis, seiZure disor 
ders, Wilson’s disease, progressive supranuclear palsy, Hall 
ervorden-SpatZ syndrome, multisystem atrophy, Hunting 
ton’s disease, familial basal ganglia degeneration, DoWn’s 
syndrome, cataracts, haemochromatosis, thalassemia, cere 
bral hemorrhage, subarachnoid hemorrhage, head injury, spi 
nal cord injury and metabolic disorders affecting the CNS. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0025] As used herein, “central nervous system” (CNS) 
refers to the brain and spinal cord and associated tissues. 
[0026] As used herein, “neurological disorders and dis 
eases of the CNS” refers to brain diseases and conditions that 
comprise ischemia, i.e., cerebral ischemia, ischemia, stroke, 
neurodegeneration, neurological complications arising from 
such as AlZheimer’s disease, Parkinson’s disease, Wilson’s 
disease, LeWy body dementia, multiple sclerosis, seiZure dis 
orders, cerebellar ataxia, progressive supranuclear palsy, 
amyotrophic lateral sclerosis, autism, affective disorders, 
anxiety disorders, metabolic disorders that affect the CNS, 
and/or schizophrenia; cell damage; nerve damage from cere 
brovascular disorders such as stroke in the brain or spinal 
cord, from CNS infections including meningitis and HIV, 
from tumors of the brain and spinal cord, prion diseases, and 
CNS disorders resulting from ordinary aging (e. g., anosmia), 
head and/ or brain injury, or spinal cord injury and any other 
medical diseases and conditions mentioned herein With neu 
rological cell loss, damage and/or degeneration. 
[0027] An “effective amount” of cells and/or agent is an 
amount suf?cient to prevent, treat, reduce and/or ameliorate 
the symptoms and/or underlying causes of any of the above 
disorders or diseases. In some instances, an “effective 
amount” is su?icient to eliminate the symptoms of those 
diseases and, perhaps, overcome the disease itself. Preferably, 
an effective amount of the subject cell in the dose range of 
50-108 cells for chronic or single application and/or an effec 
tive amount of agent in the dose range of 0.00l-2.0 mg/kg 
yields a tissue concentration of 10-105 cells per ml tissue and 
of agent in the range of about 10-3 molar to about 10-5 molar, 
but the concentrations may be greater provided that toxicity is 
avoided. 
[0028] In the context of the present invention, the terms 
“treat” and “therapy” and the like refer to alleviate, sloW the 
progression, prophylaxis, attenuation or cure of existing dis 
ease or condition that has or is causing cell death in the CNS. 
“Prevent”, as used herein, refers to putting off, delaying, 
sloWing, inhibiting, or otherWise stopping, reducing or ame 
liorating the onset of such diseases or disorders. It is preferred 
that a large enough quantity of the cell(s) and/ or agent(s) be 
applied in non-toxic levels in order to provide an effective 
level of activity against the disease. The method of the present 
invention may be used With any animal, such as a mammal or 
a bird (avian), more preferably a mammal. Poultry are a 
preferred bird. Exemplary mammals include, but are not lim 
ited to rats, mice, cats, dogs, horses, coWs, sheep, pigs, and 
more preferably humans. 
[0029] “Therapeutic cells(s)” is de?ned herein to comprise 
at least one cell or type of cell, for example and Without 
limitation a neural stem cell, that is transported via intranasal 
application to the upper third of the subject’s nasal cavity and 
into the damaged and/or degenerating CNS of the subject 
undergoing cell-replacement therapy. The therapeutic cell(s) 
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may be derived from any source and may be at various stages 
of developmental differentiation as long as the therapeutic 
cell(s) are su?icient to prevent or reduce the morphological 
and/ or behavioral neurological symptoms of the neurological 
disorder, disease and/or condition being treated With cell 
replacement therapy according to the present invention. 
Moreover, it is recogniZed that the therapeutic cell(s) may be 
either heterologous or autologous to the host. By heterolo 
gous it is intended that the therapeutic cell is derived from a 
mammal other than the patient subject, While an autologous 
therapeutic cell is derived from the patient subject, manipu 
lated ex vivo, and transported back into the patient subj ect’s 
CNS by methods of the present invention. Therapeutic lym 
phocytes may also administered to the upper third of the nasal 
cavity using the present invention to target both the central 
nervous system and lymphatics. Lymphocytes function as 
part of the body’s defenses and include natural killer cells 
(NK cells), T cells and B cells. Such cells can be useful in the 
treatment of brain tumors and other CNS and lymphatic dis 
orders. Fur‘ther discussion of therapeutic cells is undertaken 
infra, each such aspect is included in the de?nition of “thera 
peutic cells”. 
[0030] As used herein, “regulatory agent” refers to any 
molecule having a groWth, proliferative, differentiative, or 
trophic effect on a transplanted donor cell of the present 
invention. Any regulatory agent that is capable of regulating 
the development of the transplanted donor cell can be admin 
istered by the methods of the present invention. See, for 
example, Mackay-Sim et al. (2000) Prog. Neurobiol. 62:527 
559, herein incorporated by reference. Further discussion of 
regulatory agent(s) is undertaken infra, each such aspect is 
included in the de?nition of “regulatory agent”. 
[0031] In the context of the present invention, the terms 
“treat” and “therapy” and “therapeutic” and the like refer to 
alleviate, sloW the progression, prophylaxis, attenuation or 
cure of a damaged or degenerating CNS involving loss or 
death of CNS cells. The de?nition further comprises putting 
off, delaying, sloWing, inhibiting, or otherWise stopping, 
reducing or ameliorating the damage or degenerating CNS 
involving loss or death of CNS cells. The method of the 
present invention may be used With any animal, such as a 
mammal or a bird (avian), more preferably a mammal. Poul 
try are a preferred bird. Exemplary mammals include, but are 
not limited to rats, mice, cats, dogs, horses, coWs, sheep, pigs, 
and more preferably humans. 

[0032] As used herein, the terms “differentiate” and 
“mature” refer to the progression of a cell from a stage of 
having the potential to differentiate into at least tWo different 
cellular lineages to becoming a specialiZed cell. Such terms 
can be used interchangeably for the purposes of the present 
invention. The term “lineage” refers to all of the stages of the 
developmental cell type, from the earliest precursor cell to a 
completely mature cell (i.e., a specialiZed cell). Accordingly, 
the transported therapeutic cells of the present invention can 
be derived from a multipotent cell lineage, preferably a neural 
lineage, and may be in any stage of differentiation. Thus, the 
present invention includes therapeutic cells that are naturally 
programmed to differentiate into only one type of lineage. 
These types of cells can include some kinds of ?broblasts or 
simply differentiated astroglia, neurons, oligodendrocytes, 
microglia or endothelial cells, and they may be derived or just 
isolated from the tissue of a dead donor. 

[0033] Further aspects of these terms are discussed infra, 
each such aspect is included Within the de?nition of the terms. 
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[0034] As used herein, the term “multipotent stem cell” 
refers to a cell capable of differentiating into a variety of 
lineages. Multipotent therapeutic, e.g., stem, cells are char 
acteriZed by their ability to undergo continuous cellular pro 
liferation, to regenerate exact copies of themselves (self 
reneWal), to generate a large number of regional cellular 
progeny, and to elaborate neW cells in response to injury or 
disease. A “multipotent population of cells” refers to a com 
position of cells capable of differentiating into less than all 
lineages of cells but at least into tWo cell lineages. Current 
studies have demonstrated that multipotent stem cells from a 
non-neurologic region are not lineage-restricted to their 
developmental origin, but can generate region-speci?c neu 
rons When exposed to the appropriate environmental cues 

(Lamga et al. (2001) J. Neurosci. 20:8727-8735). 
[0035] A “neural stem cell” is de?ned herein as a multipo 
tent cell that is an immature and uncommitted multipotent 
cell that exists in the nervous system (Ourednik et al. (1999) 
Clinical Genetics 561267-278). Under speci?c conditions, the 
neural stem cell is capable of producing daughter cells that 
can terminally differentiate into neurons and glia (i.e., astro 
cytes (type I and H) and oligodendrocytes). They exist in both 
the developing nervous system and in the adult nervous sys 
tem. A detailed characterization of the properties of neural 
stem cells can be found in, for example, Mclnnes et al. (1999) 
Clin. Genet. 56:267-278. 

[0036] A “neuronal progenitor cell” is an undifferentiated 
cell that is derived from a neural stem cell and Which has 
committed to a particular path of differentiation, does not 
exhibit self-maintenance, and under appropriate conditions 
Will differentiate into neuroblasts (neuron generating cells) or 
?broblasts (glia generating cells). The use of such multipotent 
neuronal cell lineages for transplantation is knoWn in the art. 
See, for example, Snyder et al. (1992) Cell 68:33, Where 
multipotent neuronal cell lines have been grafted into the rat 
cerebellum to form neurons and glial cells. See also, Campell 
et al. (1995) Neuron 15: 1259-1273; Fishell et al. (1995) 
Development 121:803-812; and, Olsson et al. (1995) Eur. J. 
Neurosci. 10:71-85. 

[0037] “lschemia” or ischemic episode or condition is 
de?ned herein to comprise an ischemic condition Where the 
brain or parts of the brain do not receive enough blood How to 
maintain normal neurological function, resulting in a loss or 
death of CNS cells and concomitant damage and/or degen 
eration of the CNS. Various conditions and/or diseases can 
cause ischemia, including but not limited to stroke. Some of 
the neurological disorders and diseases of the CNS de?ned 
and discussed herein are characterized by some level of 
ischemia. The neurological disorders and diseases of the CNS 
de?ned and discussed herein are amenable to treatment With 
the therapeutic cell replacement strategies of the present 
invention. 

[0038] An “effective amount” of therapeutic cells and/or 
component(s) of the pharmaceutical composition of the 
present invention comprising therapeutic cells is an amount 
suf?cient to prevent, treat, reduce and/ or ameliorate the 
symptoms, neuronal damage and/or underlying causes of any 
of the referenced disorders or diseases. In some instances, an 
“effective amount” is su?icient to eliminate the symptoms of 
those diseases and overcome the disease itself. For illustrative 
purposes only, exemplary treatment regimens relating gener 
ally to the therapeutic agents disclosed herein, including dos 
age ranges, volumes and frequency are provided beloW: 
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E?icacious dosage range for delivery-enhancement agents, 
regulatory agents, immunosuppressive agents and/or antibi 
otics comprises 0.000l-l.0 mg/kg. 
A more preferred dosage range may be 0.005-1 .0 mg/kg. 
The most preferred dosage range may be 0.05-1 .0 mg/kg. 
The “effective amount” of therapeutic cells, i.e., ef?cacious 
dosage range, comprises 50 cells-l08 cells 
A more preferred dosage range for therapeutic cells com 
prises l03 cells-l08 cells. 
The most preferred dosage range for therapeutic cells com 
prise l04 cells-l08 cells. 
The dosage volume (applicable to nasal sprays or drops) 
range may be 0.015 ml-l.0 ml. 
The preferred dosage volume (applicable to nasal sprays or 
drops) range may be 0.03 ml-0.6 ml. 
The brain concentrations that are likely to be achieved With 
the dosage ranges provided above are, for a single dose: 
10-108 cells per ml tissue and 0.1 nM-5 uM. Over the course 
of a multi-dose treatment plan, the maximum brain concen 
tration may be as high as 106 cells per ml tissue and 50 [1M for 
deliver-enhancement agents, regulatory agents, immunosup 
pressive agents and antibiotics. 
[0039] The present invention therefore provides methods 
and pharmaceutical compositions to improve cell-based 
therapies used to regenerate neural tissue that has been dam 
aged or is undergoing degeneration by any CNS disease or 
disorder, i.e., loss or death of CNS cells. CNS disorders that 
are Within the scope of the present invention comprise, for 
example, head injury, spinal cord injury, stroke, and ischemia. 
CNS disorders Within the scope of the present invention also 
comprise neurodegenerative diseases such as, but not limited 
to, brain diseases and conditions that comprise ischemia, i.e., 
cerebral ischemia, ischemia, stroke, neurodegeneration, neu 
rological complications arising from such as AlZheimer’s 
disease, Parkinson’s disease, Wilson’s disease, LeWy body 
dementia, multiple sclerosis, cerebellar ataxia, progressive 
supranuclear palsy, amyotrophic lateral sclerosis, affective 
disorders, anxiety disorders, autism and/or schizophrenia; 
cell damage; nerve damage from cerebrovascular disorders 
such as stroke in the brain or spinal cord, from CNS infections 
including meningitis and HIV, from tumors of the brain and 
spinal cord, prion diseases, and CNS disorders resulting from 
ordinary aging (e.g., anosmia), brain injury, spinal cord injury 
and/ or metabolic disorders affecting the CNS. 
[0040] Accordingly, the embodiments of the present inven 
tion ?nd utility in enhancing the regeneration or repair of 
damaged neuronal tissue in an animal having undergone a 
neural regenerative, i.e., cell-based, strategy that comprises 
the intranasal application via the upper third of the subject 
animal nasal cavity, thereby bypassing the blood-brain bar 
rier, of at least one therapeutic cell into the CNS of the 
mammal to treat a neurological disease or disorder of the CNS 
involving ischemia and/or CNS cell loss or death. 
[0041] Neural regenerative strategies comprising the trans 
plantation of donor cells into the CNS of a host are knoWn in 
the art. HoWever, it is not knoWn to bypass the blood-brain 
barrier With therapeutic cells, thus transporting such cells 
directly into the damaged or degenerating CNS of a host 
subject by intranasal application to the upper third of the nasal 
cavity. The therapeutic cell may be aided in transportation by 
at least one delivery-enhancement agent, in viability by at 
least one immunosuppressive agent, and/or developmentally 
regulated by at least one regulatory agent, While the patient 
may be protected from mucosal bacteria bypassing the blood 

Mar. 12, 2009 

brain barrier through use of at least one antibiotic, each of 
Which may administered by the method of the present inven 
tion and, as Will be further discussed beloW, some of the 
components of the therapeutic method may be administered 
systemically and/ or intranasally. 

Transportation PathWay to Bypass Blood-Brain Barrier 

The Olfactory Nerve 

[0042] Various methods of the present invention include 
administration of the therapeutic cells and/ or pharmaceutical 
composition(s) of the present invention to tissue innervated 
by the olfactory nerve and that is located in the upper third of 
the nasal cavity. The therapeutic cells and/ or pharmaceutical 
composition(s) of the present invention can be delivered to 
the olfactory area via application to the upper third of the 
nasal cavity. 
[0043] Fibers of the olfactory nerve are unmyelinated 
axons of olfactory receptor cells that are located in the upper 
one-third of the nasal mucosa. The olfactory receptor cells are 
bipolar neurons With sWellings covered by hair-like cilia that 
project into the nasal cavity. At the other end, axons from 
these cells collect into aggregates and enter the cranial cavity 
at the roof of the nose. Surrounded by a thin tube of pia, the 
olfactory nerves cross the subarachnoid space containing 
CSF and enter the inferior aspects of the olfactory bulbs. Once 
the therapeutic cells and/ or pharmaceutical composition(s) of 
the present invention is applied to the upper third of nasal 
cavity, the therapeutic cells and/or pharmaceutical composi 
tion(s) of the present invention can undergo transport through 
the nasal mucosa and into the olfactory bulb and other areas of 
the CNS, such as the anterior olfactory nucleus, frontal cor 
tex, hippocampal formation, amygdaloid nuclei, nucleus 
basalis of Meynert, hypothalamus, midbrain, cerebellum, 
cervical spinal cord and the like. 

Neuronal Transport 

[0044] Embodiments of the present method includes 
administration of the therapeutic cells and/ or pharmaceutical 
composition(s) of the present invention to the subject by 
application to the upper third of the mammalian subject’s 
nasal cavity. Application of the therapeutic cells and/ or phar 
maceutical composition(s) of the present invention in this 
manner ensures that the therapeutic cells and/or pharmaceu 
tical composition(s) are transported to the CNS, brain, and/or 
spinal cord along a neural pathWay, With reduced systemic 
loss and systemic exposure. A neural pathWay includes trans 
port Within or along a neuron, through or by Way of lymphat 
ics running With a neuron, through or by Way of a perivascular 
space of a blood vessel running With a neuron or neural 
pathWay, through or by Way of an adventitia of a blood vessel 
running With a neuron or neural pathWay, or through an 
hemangiolymphatic system. 
[0045] The present invention comprises transportation of 
the therapeutic cells and/or pharmaceutical composition(s) 
by Way of a neural pathWay, rather than through the circula 
tory system, so that regulatory agents that are unable to, or 
only poorly, cross the blood-brain barrier from the blood 
stream into the brain can be delivered to the lymphatic sys 
tem, CNS, brain, and/or spinal cord. The therapeutic cells 
and/or pharmaceutical composition(s) of the present inven 
tion, once past the blood-brain barrier and in the CNS, can 
then be delivered to various areas of the brain or spinal cord 
through lymphatic channels, through a perivascular space, or 
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transport through or along neurons. In one embodiment, the 
therapeutic cells migrate to the region of damage and/or 
degeneration Within the CNS. 

[0046] Use of a neural pathWay to transport a regulatory 
agent to the brain, spinal cord, or other components of the 
central nervous system obviates the obstacle presented by the 
blood-brain barrier so that medications, i.e., therapeutic cells 
and/ or pharmaceutical compositions of the present invention, 
that cannot normally cross that barrier, can be delivered 
directly to the CNS, e.g., the brain and spinal cord. In addi 
tion, the present invention can provide for delivery of a more 
concentrated level of the therapeutic cells and/ or pharmaceu 
tical composition(s) of the present invention to neural cells 
since the therapeutic cells and/or pharmaceutical composi 
tion(s) of the present invention do not become diluted in ?uids 
present in the bloodstream. As such, the invention provides an 
improved method for delivering the therapeutic cells and/or 
pharmaceutical composition(s) of the present invention to the 
CNS including the brain and/ or spinal cord. 

The Olfactory Neural PathWay 

[0047] One embodiment of the present method includes 
delivery of the regulatory agent to the subject in a manner 
such that the regulatory agent is transported into the CNS, 
e.g., the brain, and/or spinal cord along an olfactory neural 
pathWay. Typically, such an embodiment includes adminis 
tering the regulatory agent to tissue innervated by the olfac 
tory nerve and inside the nasal cavity. The olfactory neural 
pathWay innervates primarily the olfactory epithelium in the 
upper third of the nasal cavity, as described above. Applica 
tion of the regulatory agent to a tissue innervated by the 
olfactory nerve can deliver the regulatory agent to damaged 
neurons or cells of the CNS, brain, and/or spinal cord. Olfac 
tory neurons innervate this tissue and can provide a direct 
connection to the CNS, brain, and/or spinal cord due, it is 
believed, to their role in olfaction. 
[0048] Delivery through the olfactory neural pathWay can 
employ lymphatics that travel With the olfactory nerve to the 
various brain areas and from there into dural lymphatics 
associated With portions of the CNS, such as the spinal cord. 
Transport along the olfactory nerve can also deliver regula 
tory agents to an olfactory bulb. A perivascular pathWay and/ 
or a hemangiolymphatic pathWay, such as lymphatic channels 
running Within the adventitia of cerebral blood vessels, can 
provide an additional mechanism for transport of therapeutic 
regulatory agents to the brain and spinal cord from tissue 
innervated by the olfactory nerve. 
[0049] Therapeutic cells and/or pharmaceutical composi 
tions thereof may be administered to the olfactory nerve, for 
example, through the olfactory epithelium located at the 
upper third of the nasal cavity. Such administration can 
employ extracellular or intracellular (e.g., transneuronal) 
anterograde and retrograde transport of the regulatory agent 
entering through the olfactory nerves to the brain and its 
meninges, to the brain stem, or to the spinal cord. Once the 
therapeutic cells and/ or pharmaceutical composition thereof 
is dispensed into or onto tissue innervated by the olfactory 
nerve, the therapeutic cells and/ or pharmaceutical composi 
tion and/or components thereof may be transported through 
the tissue and travel along olfactory neurons into areas of the 
CNS including the brain stem, cerebellum, spinal cord, cere 
brospinal ?uid, olfactory bulb, and cortical and subcortical 
structures. 
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[0050] The blood-brain barrier is bypassed in the present 
invention by application of the therapeutic cells and/or phar 
maceutical composition(s) comprising therapeutic cells by 
application to the upper third of the nasal cavity. The thera 
peutic cells and/or pharmaceutical composition of the inven 
tion migrate from the nasal mucosa through foramina in the 
cribriform plate along the olfactory neural pathWay and into 
the CNS. See Example 1 infra providing experimental evi 
dence that the blood-brain barrier is bypassed in the hypoth 
esiZed manner. 

[0051] Administration to the nasal cavity employing a neu 
ral pathWay can thus deliver therapeutic cells, including but 
not limited to eukaryotic cells and stem cells, and/or pharma 
ceutical composition comprising therapeutic cells of the 
present invention to the lymphatic system, brain stem, cer 
ebellum, spinal cord, and cortical and subcortical structures. 
The therapeutic cells and/or pharmaceutical composition of 
the present invention alone may facilitate this movement into 
the CNS, i.e., brain, and/or spinal cord. Alternatively, a carrier 
and/or the delivery-enhancement agent(s) may assist in the 
transport of the therapeutic cells and/ or pharmaceutical com 
position of the present invention into and along the neural 
pathWay. Administration of a therapeutic cells and/ or phar 
maceutical composition of the present invention to the upper 
third of the nasal cavity thus bypasses the blood-brain barrier 
through a transport system from the nasal mucosa and/or 
epithelium to the CNS, i.e., brain and spinal cord. 
[0052] Various embodiments of the invention administer 
the therapeutic cells and/ or pharmaceutical composition(s) of 
the present invention to tissue innervated by the olfactory 
nerves. Such nerve systems can provide a direct connection 
betWeen the outside environment and the brain, thus provid 
ing advantageous delivery of a regulatory agent to the CNS, 
including brain, brain stem, and/or spinal cord. The therapeu 
tic cells and/or pharmaceutical composition(s) of the present 
invention are unable to cross or inef?ciently cross the blood 
brain barrier from the bloodstream into the brain. Thus, the 
methods of the present invention alloW for the delivery of the 
inventive therapeutic cells and/or pharmaceutical composi 
tion(s) by Way of the olfactory nerve rather than through the 
circulatory system. This method of administration alloWs for 
the e?icient delivery of the therapeutic cells and/ or pharma 
ceutical composition(s) of the present invention to the CNS, 
brain, or spinal cord Without systemic loss or exposure. 
[0053] The immunosuppressive agent(s) and/or antibiotic 
(s) may be delivered according to various embodiments of the 
present invention either systemically or to the upper third of 
the nasal cavity either alone, or in the pharmaceutical com 
bination comprising therapeutic cell(s). 

Alternative PathWays 

[0054] Alternative pathWays to the olfactory nerve pathWay 
discussed above comprise pathWays along other nerves that 
innervate the nasal cavity, e.g., the trigeminal pathWay, Well 
knoWn to the skilled artisan. 

Therapeutic Cells 

[0055] The therapeutic cell(s) of the present invention can 
be derived from any fetal or adult mammalian tissues, includ 
ing bone marroW, or neural tissues, including tissue from the 
hippocampus, olfactory epithelium, olfactory bulb, subven 
tricular Zone, cerebellum, spinal cord, cortex (i.e., motor or 
somatosensory cortex), striatum, basal forebrain (cholenergic 
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neurons), ventral mesencephalon (cells of the substantia 
nigra), and the locus ceruleus (neuroadrenaline cells of the 
central nervous system). Moreover, the therapeutic cell(s) 
may include, but are not limited to, neural and/ or multipotent 
stem cells, neural progenitor cells, genetically engineered 
cells, t-cells and/or autologous cells. 
[0056] The developing and the adult animal central nervous 
system contains a population of neural stem cells and pro 
genitor cells that are of particular interest in the present inven 
tion as therapeutic cells. Methods of isolation and transplan 
tation of various neural progenitor cells derived from 
different tissues at different developmental stages are knoWn 
in the art and include, for example, striatum cortex (Winkler 
et al. (1998) Mol. Cell. Neurosci. 11:99-116; Hammang et al. 
(1997) Exp. Neurol. 147:84-95); cortex (Brustle et al. (1998) 
Nat. Biotechnol 16: 1040-1044 and Sabate et al. (1995) Nat. 
Genet. 9:256-260); human telencephalon (Flax et al (1998) 
Nature 392: 18-24 and Vescovi et al. (1999) Neuron 11:951 
966); hippocampus (Gage et al. (1995) J. Neurobiol. 36:249 
266 and Suhonen et al. (1996) Nature 383:624-627); basal 
forebrain (Minger et al. (1996) Exp. Neurol. 141 :12-24); 
ventral mesencephalon (Winkler et al. (1998) Mol. Cell. Neu 
rosci. 11:99-116; Svendsen et al. (1996) Exp. Neurol 137: 
376-388; Hammang et al. (1997) Exp. Neurol. 147:84-95; 
Studer et al. (1997) Nat. Neurosci. 1:290-295; MilWard et al. 
(1997) J. Neurosci. Res. 50:862-871); and subventricular 
zone (MilWard et al. (1997) MilWard et al. (1997) J. Neurosci. 
Res. 50:862-871). Each of these references is herein incorpo 
rated by reference. In addition, methods for the isolation of 
neural stem cell progeny and method to promote their differ 
entiation can also be found in US. Pat. No. 6,071,889 and 
US. Pat. No. 6,103,530, both of Which are herein incorpo 
rated by reference. 
[0057] Therapeutic cells of the present invention may also 
be of paraneural origin. A preferred example of such a cell is 
the adrenal medullar chroma?n cell. See, for example, Bjork 
lund et al. (1985) Neural Grafting in the Mammalian CNS 
(Amsterdam: Elsevier), pp. 3-11, and Lindvall et al (1997) 
Ann. Neurol 22: 457-468, Which demonstrate the usefulness 
of chroma?n cells for the treatment of Parkinson’s disease. 

[0058] Therapeutic cells of the present invention that are 
not of neural origin, but Which have been altered to produce a 
substance of neurological interest, are also Within the inven 
tive scope. A preferred cell type is a human foreskin ?bro 
blast, Which is easily obtained and cultured (see, for example, 
US. Pat. No. 6,060,048). Such cells are preferably geneti 
cally altered, using methods knoWn in the art, to express 
neuronal groWth factors, neurotransmitters, neuropeptides, or 
enzymes involved in brain metabolism. See, for example, 
Gage et al. (1987) Neurosci. 23: 795-807; Rosenberg et al. 
(1988) Science 242: 1575-1578; Shimohama et al. (1989) 
Mol. Brain. Res. 5: 271-278; Which are hereby incorporated 
by reference. Alternatively, therapeutic cells derived from a 
non-neuronal origin, such as epidermal cells, may be con 
verted or transdifferentiated into different types of neuronal 
cells. See, for example, US. Pat. No. 6,087,168. 
[0059] The therapeutic cell(s) of the present invention may 
be genetically altered prior to transplantation into the host. As 
used herein, the term “genetically altered” refers to a cell into 
Which a foreign nucleic acid, e.g., DNA, has been introduced. 
The foreign nucleic acid may be introduced by a variety of 
techniques, including, but not limited to, calcium-phosphate 
mediated transfection, DEAE-mediated transfection, micro 
injection, viral transformation, protoplast fusion, and lipofec 

Mar. 12, 2009 

tion. The genetically altered cell may express the foreign 
nucleic acid in either a transient or long-term manner. In 
general, transient expression occurs When foreign DNA does 
not stably integrate into the chromosomal DNA of the trans 
fected cell. In contrast, long-term expression of foreign DNA 
occurs When the foreign DNA has been stably integrated into 
the chromosomal DNA of the transfected cell. 
[0060] Such genes of interest include neurotransmitter 
synthesizing enzymes (i.e., tyrosine hydrolase (TH) and cho 
lineacetyltransferase). Such methods are commonly knoWn 
in the art. For instance, therapeutic donor cells from various 
regions of the brain and at different stages of development 
have been isolated and have been immortalized via genetic 
alteration. For example, olfactory and cerebellum cells have 
been immortalized using the viral myc (v-myc) oncogene to 
generate cell lines With neuronal and glial phenotypes (Ryder 
et al. (1990) J. Neurobiol. 21 :356). Similar studies by Snyder 
et al. ((1992) Cell 68:33) resulted in multipotent neuronal cell 
lines that Were engrafted into the rat cerebellum to form 
neurons and glial cells. In other studies, murine neuroepithe 
lial cells Were immortalized With a retrovirus vector contain 
ing c-myc and Were cultured With groWth factors to form 
differentiated cell types similar to astrocytes and neurons 
(Barlett et al. (1988) Proc. Natl. Acad. Sci. USA 85:3255). 
[0061] Moreover, intranasally delivered therapeutic geneti 
cally-engineered cells of the present invention may comprise 
biological factories that can enter the CNS and release sub 
stances that are de?cient or are missing in the patients’ CNS. 
For example, in lipid storage diseases and hereditary meta 
bolic disorders such as phenylketoneuria (PKU), Wilson’s 
disease, Tay Sachs, lysosomal storage diseases, or Nieman 
Pick disease, there may be an enzyme missing in the brain 
from birth. Therapeutic cells of the present invention may 
comprise that speci?c missing enzyme. Such genetically 
engineered therapeutic cells may then be delivered to the 
upper third of the nasal cavity Where the cells bypass the 
blood-brainbarrier and enter the brain to carry out the missing 
metabolic function. More generally, genetically-engineered 
therapeutic cells of the present invention may act as mini 
biological factories that produce and release one or more of 
the folloWing: an enzyme, a groWth factor, an anti-in?amma 
tory agent, a neurotransmitter, a neuromodulator, an anti 
oxidant, etc. that can bene?t the subject in need thereof. 
Alternatively, therapeutic genetically-engineered cells of the 
present invention may comprise genetically-engineered 
gonadotropin-releasing hormone secreting cells to increase 
fertility in subjects in need thereof. 

Delivery-Enhancement Agents 

[0062] Certain compounds, i.e., delivery-enhancement 
agents, may be utilized by the present invention to assist the 
therapeutic cells in delivery to the central nervous system and 
the damaged regions therein. A preferred delivery-enhance 
ment agent comprises hyaluronidase Which has been 
observed to very signi?cantly increase delivery of therapeutic 
cells to the CNS When applied to the upper third of the nasal 
cavity as either a pretreatment administered in an effective 
amount prior to the therapeutic cell application of the present 
invention, or as a component of the pharmaceutical compo 
sition comprising therapeutic cells of the present invention, or 
as a separate compound administered intranasally to the 
upper third of the nasal cavity substantially simultaneously as 
the therapeutic cells and/or pharmaceutical composition. It is 
believed that the hyaluronidase acts on hyaluronic acid in the 
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extracellular matrix to enhance delivery of therapeutic cells 
and/ or pharmaceutical compositions comprising therapeutic 
cells to the CNS. Example 2 infra illustrates the increase of 
effectiveness by such a delivery-enhancement agent on the 
delivery of therapeutic cells to the CNS. 
[0063] Alternative delivery-enhancement agents comprise 
neuregulin, migration-inducing activity and leukemia inhibi 
tory factor. These delivery-enhancement agents, e.g., hyalu 
ronidase, lipophilic agents, neuregulin, migration-inducing 
activity and leukemia inhibitory factor may be used individu 
ally, or in any combination, to enhance delivery of the thera 
peutic cells to the CNS according to the present invention. 
Therefore, at least one delivery-enhancement agent may be 
used as a pretreatment to transportation of the therapeutic 
cells and/or pharmaceutical composition and/or as a compo 
nent of the pharmaceutical composition comprising therapeu 
tic cells. 
[0064] Alternative delivery-enhancement agents that fur 
ther enhance the mucosal delivery of therapeutic cells and/or 
pharmaceutical composition comprising therapeutic cells of 
the present invention, comprise an enZyme inhibitor, particu 
larly proteases inhibitors as is Well knoWn to those in the art. 
Protease inhibitors may include, but are limited to, antipain, 
arphamenine A and B, benZamidine HCl, AEBSF, CA-074, 
calpain inhibitor I and H, calpeptin, pepstatin A, actinonin, 
amastatin, bestatin, boroleucine, captopril, chloroacetyl-HO 
Leu-Ala-Gly-NH2, DAPT, diprotin A and B, ebelactone A 
and B, foroxymithine, leupeptin, pepstatin A, phosphorami 
don, aprotinin, puromycin, BBl, soybean trypsin inhibitor, 
phenylmethylsulfonyl ?uoride, E-64, chymostatin, 1,10 
phenanthroline, EDTA and EGTA. 
[0065] Still further alternative delivery-enhancement 
agents may include, but are not limited to, surfactants, bile 
salts, dihydrofusidates, bioadhesive agents, phospholipid 
additives, mixed micelles, liposomes, or carriers, alcohols, 
enamines, cationic polymers, NO donor compounds, long 
chain amphipathic molecules, small hydrophobic penetration 
enhancers; sodium or a salicylic acid derivatives, glycerol 
esters of acetoacetic acid, cyclodextrin or beta-cyclodextrin 
derivatives, medium-chain fatty acids, chelating agents, 
amino acids or salts thereof, N-acetylamino acids or salts 
thereof, mucolytic agents, enZymes speci?cally targeted to a 
selected membrane component, inhibitors of fatty acid syn 
thesis and inhibitors of cholesterol synthesis. The present 
invention contemplates using one or more, i.e., at least one, of 
the above delivery-enhancement agents, either alone or in 
combination With the therapeutic cells as a pharmaceutical 
compound in an effective amount. 

Regulatory Agents 

[0066] Certain regulatory agents to regulate, inter alia, 
groWth and differentiation of the delivered therapeutic cells 
Within the CNS are Within the scope of the present invention 
and include, for example, an effective amount of regulatory 
agents that promote the survival of the donor cells by modu 
lating the immune and in?ammatory response. Such regula 
tory agents include, for example, cyclosporin and various 
other immunomodulators, including, interleukins (i.e., IL-1, 
IL-2, IL-3, IL-4, lL-5, IL-6, IL-7, IL-8, IL-9, lL-10); tumor 
necrosis factors (i.e., TNF-alpha and TNF-beta); and, inter 
ferons (i.e., lFN-alpha, lFN-beta, lFN-gamma, lFN-omega, 
and lFN-tau); and any biologically active variants thereof. 
Further details regarding the administration of these immu 
nomodulating agents by the methods of the present invention 

Mar. 12, 2009 

can be found in US. patent Ser. No. 09/733,168, entitled 
“Methods for Administering a Cytokine to the Central Ner 
vous System and the Lymphatic System,” ?led on Dec. 9, 
2000, herein incorporated by reference. 
[0067] Additional regulatory agents that ?nd use in the 
methods of the invention include CAP23, a major cortical 
cytoskeleton-associated and calmodulin binding protein, and 
GAP43, a neural groWth-associated protein. See, for 
example, Frey et al. (2000) J. Cell. Biol. 7: 1443-1453. Further 
agents of interest include Osteogenic Protein-1 (OP-1) Which 
is a morphogenic protein that stimulates groWth, differention, 
and differentiation maintenance (US. Pat. No. 6,153,583); 
sonic hedgehog, a polypeptide shoWn to promote the survival 
of dopaminergic neurons (Miao et al. (1996) Cell Transplant 
55:2-17); various other glial groWth factors (US. Pat. Nos. 
5,716,930; 6,147,190; and 5,530,109); and any biologically 
active variants thereof. All of these references are herein 
incorporated by reference. 
[0068] Other regulatory agents of interest and Within the 
scope of the present invention comprise groWth factors. As 
used herein “groWth factor” refers to a polypeptide capable of 
regulating the development of the transplanted donor cell. 
GroWth factors useful in the methods of the present invention 
include, but are not limited to, members of the neurotrophin 
family (i.e., nerve groWth factor (NGF), brain-derived neu 
rotrophic factor (BDNF), neurotrophin-3 (NT-3), and neu 
rotrophin-4 (NT-4, also knoWn as NT-4/ 5 or NT-5); ?broblast 
groWth factors (FGFs, i.e., basic ?broblast groWth factor); 
epidermal groWth factor family (i.e., EGF, TGF.alpha., 
amphiregulin, heparin-binding EGF-like groWth factor (HB 
EGF), batacelluin (BTC), and the neuregulin group); platelet 
derived groWth factor; insulin; insulin-like groWth factors 
(i.e., IGF-I and IGF-2); ciliary neurotrophic factor (CNTF), 
glia cell line-derived neurotrophic factor family (GDNF) 
(i.e., GDNF and neurturin (NTN), persephin (PSP), and 
artemin (ART)); transforming groWth factor .beta. superfam 
ily (i.e., subfamilies include TGF beta 1, TGF beta 2, TGF 
beta 3, TGF beta 4, TGF beta 5, activin, inhibin, decapen 
taplegic); groWth differentiation factors (GDF) (i.e., GDFl, 
GDF2, GDF3, GDF5, GDF6, GDF7, GDF8, GDF9, GDF9B, 
GDF10, GDF11, and GDF15); glia-derived nexin; activity 
dependent neurotrophic factor (ADNF); glial groWth factor 
(GGF); and the like. It is further recogniZed that any biologi 
cally active variant of these groWth factors is also useful in the 
methods of the present invention. 

[0069] The regulatory agent of present invention may be 
from any animal species including, but not limited to, rodent, 
avian, canine, bovine, porcine, equine, and, preferably, 
human. Preferably the regulatory agent administered is from 
the same species as the animal undergoing treatment. 

[0070] Biologically active variants of regulatory polypep 
tides (i.e., groWth factors, such as lGF-l, NGF, and basic FGF, 
cytokines, etc.) are also encompassed by the various methods 
and pharmaceutical compositions of the present invention. 
Such variants should retain the biological activity of the regu 
latory agent, particularly the ability to regulate the develop 
ment of the donor cell (i.e., promote the survival, maintain the 
desired phenotype, and/or regulate the developmental cues 
produced by the donor cell). For example, When the regula 
tory polypeptide is a groWth factor, such as lGF-l, NGF-l, or 
a member of the FGF family, the ability to bind their respec 
tive receptor sites Will be retained. Such receptor binding 
activity may be measured using standard bioassays. 



US 2009/0068155 A1 

[0071] One such regulatory agent, a growth factor, that is 
useful in the present invention is IGF-I. The term “IGF-I” as 
used herein refers to insulin-like groWth factor I (IGF-I), a 
single-chain peptide having 70 amino acids and a molecular 
Weight of about 7,600 daltons. Insulin-like groWth factor I 
stimulates mitosis and groWth processes associated With cell 
development. The amino acid and nucleotide sequence for 
IGF-I is knoWn in the art. See, for example, US. Pat. No. 
5,324,639 Which discloses the human IGF-I sequence; Gen 
bankAccession No. X15726, Which discloses the sequence of 
bovine IGF-I; and Genbank Accession No. X06043 Which 
discloses the sequence of rat IGF-I. Each of these references 
is herein incorporated by reference. 
[0072] In another embodiment of the present invention, the 
regulatory agent may comprise a member of the FGF family 
of groWth factors and/or biologically active variants thereof. 
The ?broblast groWth factor family encompasses a group of 
structurally related proteins that bind heparin With a high 
a?inity. FGF family members have mitogen activity and 
induce the proliferation of a Wide variety of cell types. FGF 
family members also participate in angiogenesis, differentia 
tion, cell migration, embryo development, and neuronal 
maintenance/ survival. The term “FGF” as used herein refers 
to a member of the ?broblast groWth factor family including, 
for example, FGF-l (acidic FGF), FGF-2 (basic FGF), FGF 
3, FGF-4, FGF-5, FGF-6, FGF-8, FGF-9, FGF-98, or a bio 
logically active fragment or variant thereof. The amino acid 
sequence and methods for making many of the FGF family 
members are Well knoWn in the art. 

[0073] In another embodiment of the present invention, the 
regulatory agent may be nerve groWth factor (NGF) or a 
biologically active variant thereof. NGF Was originally iso 
lated as a complex having a molecular Weight of 130 kDa and 
a sedimentation coe?icient of 7S. This 7S complex included 
three types of subunits, With the “.beta.” subunit carrying all 
of the biological activities of NGF. Nerve groWth factor 
stimulates mitosis and groWth processes of cells, particularly 
nerve cells, and regulates development (i.e., in?uences repair, 
survival, and differentiation). The preferred amino acid 
sequence for human pre-pro-NGF and human mature NGF 
are provided in US. Pat. No. 5,288,622, Which is incorpo 
rated herein by reference. 
[0074] The NGF used in the present invention may be in its 
substantially puri?ed, native, recombinantly produced form 
or in a chemically synthesiZed form. For example, the NGF 
can be isolated directly from cells naturally expressing NGF. 
NGF may also be recombinantly produced in eukaryotic or 
prokaryotic cell expression systems as described in EdWards 
et al. (1988) Mol. Cell. Biol. 8:2456; US. Pat. No. 5,986,070; 
and US. Pat. No. 6,005,081; all of Which are herein incorpo 
rated by reference. Alternatively, the regulatory agent of the 
present invention may comprise erythropoietin (EPO), brain 
derived neurotrophic factor (BDNF) and epidermal groWth 
factor (EGF). Each of the regulatory agents described herein 
play a crucial role in the in-vivo survival and differentiation of 
the therapeutic cells of the present inventive methods and 
pharmaceutical compositions. 
[0075] Administration of an effective amount of at least one 
regulatory agent by the methods of the present invention, i.e., 
intranasally to the upper third of the nasal cavity, alone and/ or 
in combination With the therapeutic cells, Will regulate devel 
opment of the therapeutic cell transported to the CNS. The 
phrase “regulate development” is intended herein to mean, 
inter alia, that the regulatory agent potentiates the survival, 
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differentiation, axonal development, dendritic development, 
and/or proliferation of the transported therapeutic cell; 
improves adhesion of the transported therapeutic cells to sur 
rounding tissues (i.e., incorporation into parenchymal tissue); 
improves the capacity of the transported therapeutic cells to 
establish synaptic connection With the host neurons (i.e, 
enhances nerve ?ber formation in the donor cells; increases 
nerve ?ber projection distances of the donor cells; or 
enhances nerve ?ber destiny of the donor cells); and/or 
instructs the transported therapeutic cell to commit to a spe 
ci?c neural lineage (i.e., adopt a neuronal (GABA-ergic neu 
rons, dopaminergic neurons, cholinergic neurons, hippocam 
pal neurons, and the like), astrocytic or oligodendritic cell 
fate). It is further recogniZed that a regulatory agent can 
potentiate the survival of a transplanted donor cell by modu 
lating the immune response of the subject. By “modulate” is 
intended the doWn regulation of the immune or in?ammatory 
response (i.e., in?uencing systemic immune function, anti 
gen presentation, cytokine production, lymphocyte prolifera 
tion, and entry of lymphocytes and macrophages into the 
CNS). 
[0076] Furthermore, administration of the regulatory agent 
is knoWn to “regulate development” of the invasively trans 
planted donor cell by in?uencing the developmental cues 
released by the transplanted donor cells (i.e., promote the 
donor cell to release neurotransmitters such as, dopamine, 
acetylcholine, GABA, or other neuroprotective factors). As 
such, the function and repair (i.e., enhanced nerve ?ber for 
mation, nerve ?ber projection distances, and/or nerve ?ber 
density) of the surrounding host tissue can be enhanced by the 
non-invasive methods of the present invention. 

[0077] Delivery of an effective amount of one or more, i.e., 
at least one, regulatory agent to the CNS of a mammal may be 
achieved via administration of a pharmaceutical composition 
comprising a therapeutically effective dose of this agent. 
Alternatively, an effective amount of the at least one regula 
tory agent may be delivered intranasally to the upper third of 
the nasal cavity and/or systemically as a pretreatment, co 
treatment and/ or po st-treatment to application of the pharma 
ceutical composition and/or therapeutic cell(s) of the present 
invention. By “effective amount” is meant, inter alia, the 
concentration of regulatory agent that is su?icient to elicit the 
desired therapeutic effect With respect to regulating the devel 
opment of a donor cell, as described herein. Accordingly, an 
effective amount of the regulatory agent augments the clinical 
outcome of the cell replacement therapy in comparison to 
animals treated With only the cell replacement strategy. As 
such, a therapeutically effective dose can be assayed via a 
reduction in neural de?cits associated With the CNS disorder 
being treated, and hence is characterized by an improvement 
in clinical symptoms. 
[0078] Methods to quantify the extent of neurologic dam 
age and to determine if the CNS disorder has been treated are 
Well knoWn to those skilled in the art. Such methods include, 
but are not limited to, histological methods, molecular marker 
assays, and functional/behavior analysis. For example, 
enhanced functional integration of the donor cells and/or 
enhanced function and repair of the surrounding neuronal 
tissue can be assayed by examining the restoration of various 
functions including cognitive, sensory, motor, and endocrine. 
Motor tests include those that quantitate rotational movement 
aWay from the degenerative side of the brain, and those that 
assay for balance, coordination, sloWness of movement, 
rigidity, and tremors. Cognitive tests include memory tests 
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and spatial learning. The speci?c assays used to determine 
treatment of a neurologic disease Will vary depending on the 
disorder. 

[0079] Desired biological activities bene?cial to the regu 
lation of transported therapeutic cell development include, 
for example, potentiation of the survival and/or proliferation 
of the transported therapeutic cells; improvement in the 
capacity of the transported therapeutic cell to establish syn 
aptic connection With the host neurons; and/or instruction of 
the transported therapeutic cell to commit to a speci?c neural 
lineage. Methods to assay such events are knoWn in the art. 
For example, an improvement in the survival of the trans 
ported therapeutic cells folloWing the administration of the 
regulatory agent can be assayed using various non-invasive 
scans such as computerized axial tomography (CAT scan or 
CT scan), nuclear magnetic resonance or magnet resonance 
imaging (NMR or MRS) or positron emission tomography 
(PET) scans. Alternatively, transported therapeutic cell sur 
vival can be assayed post-mortem by microscopic examina 
tion of the region of transported therapeutic cell transplanta 
tion. The region of transported therapeutic cells can be 
identi?ed, for example, by assaying for molecular markers 
speci?c to the transported therapeutic cells or alternatively, by 
prior incorporation of tracer dyes. Such dyes include, for 
example, rhodamine- or ?ourescein-labeled microspheres, 
fast blue, or retrovirally introduced histochemical markers. 
[0080] The effective amount Will depend on many factors 
including, for example, the CNS disorder being treated, the 
type of donor cell transplanted into the mammal, and the 
responsiveness of the subject undergoing treatment. It is fur 
ther recogniZed that the therapeutically effective amount Will 
depend on the type of developmental regulation of the trans 
ported therapeutic cell that is desired (i.e., potentiation of the 
survival and/or proliferation of the transported therapeutic 
cell; improvement of the capacity of the transported thera 
peutic cell to establish synaptic connection With the host 
neurons; regulation of the developmental cues released by the 
transported therapeutic cells; or improved function and repair 
of the surrounding neural tissue). Methods to determine e?i 
cacy and dosage are knoWn to those skilled in the art. 

[0081] For example, in Parkinson’s disease, the neurons 
that degenerate are the dopaminergic neurons of the sub stan 
tia nigra. Cell replacement strategies for patients With 
advanced Parkinson’s disease are knoWn and include, for 
example, intrastriatal grafts of nigral dopaminergic neurons 
from 6- to 9-Week-old human embryos (OlanoW et al. (1996) 
Trends Neurosci. 19: 102-109 and Lindvall et al. (1999) Mov. 
Disord. 14:201-205). Delivery of pharmacologically active 
regulatory agents to regions of the brain affected by Parkin 
son’s disease (i.e., midbrain and substantia nigra) is knoWn in 
the art, hoWever not in combination With intranasal delivery 
of therapeutic cells in such a Way that the blood-brain barrier 
is bypassed. 
[0082] As used herein, an “effective amount” of a regula 
tory agent in combination With transported therapeutic cells 
and/ or pharmaceutical compositions comprising therapeutic 
cells of the present invention for the treatment of Parkinson’s 
disease using the administration method of the present inven 
tion Will be suf?cient to reduce or lessen the clinical symp 
toms of Parkinson’s disease. As such, an effective amount of 
the regulatory agent (i.e., groWth factor) administered by the 
methods of the present invention Will augment the cell 
replacement strategies performed under the present invention 
for the treatment of Parkinson’s disease. Accordingly, the 
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methods of the invention enhance survival and/or improve 
clinical status of the treated animals in comparison to animals 
treated With cell replacement strategy alone. Improvement in 
clinical status for Parkinson’s disease includes, for example, 
improvement in the ventral mesencephalic graft e?icacy in 
terms of apomorphine-induced rotational decrease, an 
increase in the density of striatal reinnervation, and an 
enhancement in neuronal survival (Tomqvist et al. (2000) 
Exp. Neurol. 164:130-138). 
[0083] Huntington disease is characterized by progressive 
neurodegeneration, particularly in the striatum and cortex, 
Which induces severe impairments in both motor and cogni 
tive functions. Current cell replacement therapies replace 
inhibitor connections from the striatum to other structures 
such as the globus pallidus through the implantation of striatal 
precursor cells. Delivery of pharmacologically active regula 
tory agents to regions of the brain that are affected by Hun 
tington disease (i.e., caudate-putamen, thalamus, dincepha 
lon, cerebellum, and frontal cortex) is knoWn in the art, 
though never in connection With therapeutic cells and/or 
pharmaceutical compositions comprising therapeutic cells of 
the present invention, Wherein the blood-brain barrier is 
bypassed. 
[0084] As used herein, an “effective amount” of a regula 
tory agent for the treatment of Huntington disease using the 
administration method of the present invention Will be su?i 
cient to reduce or lessen the clinical symptoms of Huntington 
disease. Thus, an effective amount of the regulatory agent 
(i.e., groWth factor) administered by the methods of the 
present invention Will augment the cell replacement strategies 
commonly performed under the present invention for the 
treatment of Huntington disease. As such, the methods of the 
invention enhance survival and/ or improve clinical status of 
the treated animals in comparison to animals treated With cell 
replacement strategy alone. Improvement in clinical status 
includes, for example, disinhibition of pallidal output, 
reduced locomotor hyperactivity, recovery of complex motor 
and cognitive behavior, and restitution of neW habit-learning 
systems in the lesioned striatum. See, for example, Bj orklund 
et al. (1994) Functional Neural Transplantation (Raven, 
N.Y.), pp. 157-195; Dunnett et al. (1995) Behav. Brain Res. 
66: 133-142; Kendall et al. (1998) Nat. Med. 4:727-729; Pal? 
et al. (1998) Nat. Med. 4:963-966; Brasted et al. (1999) Proc. 
Natl. Acad. Sci. USA 96:10524-10529; and Wictorin et al. 
(1992) Prog. Neurobiol. 38:611-639; all of Which are herein 
incorporated by reference. Administration of regulatory 
agents by the methods of the present invention Will be su?i 
cient to improve the clinical outcome of the cell replacement 
therapy. Such assays can be readily used by one skilled in the 
art to determine the dosage range and/or appropriate regula 
tory agent of choice for the effective treatment of Huntington 
disease. 

[0085] lschemic damage to the CNS (and resulting cell loss 
and death) can result from, for example, cardiac arrest or 
coronary artery occlusion, or cerebral artery occlusion or 
stroke. Neural circuits of the CNS damaged folloWing an 
ischemic event have been reconstructed using various cell 
replacement strategies. For instance, for focal ischemia 
events, implantation of embryonic striatum into the damaged 
striatum (Hodges et al. (1994) Functional Neural Transplan 
tation (Raven, N.Y.), pp. 347-386) and implantation of neu 
rons derived from a human teratocarcinoma cell line (Borlon 
gan et al. (1998) Exp. Neurol. 149:310-321 and Borlongan et 
al. (1998) Neuroreport 9:3703-3709) have been performed. 
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See also, for example, Hodges et al. (1096) Neurosci. 72: 959 
988, Sorensen et al. (1996) Exp. Neurol. 138:227-235, and 
Sinden et al. (1997) Neurosci. 81:599-608. 
[0086] As used herein, an “effective amount” of a regula 
tory agent for the treatment of ischemic injury Will be su?i 
cient to reduce or lessen the clinical symptoms of the 
ischemic event. As such, an effective amount of the regulatory 
agent administered by the methods of the present invention 
Will augment the cell replacement strategies commonly per 
formed according to the present invention for the treatment of 
an ischemic injury. Improvement in clinical status includes, 
for example, a reduction in infarct siZe, edema, and/or neu 
rologic de?cits (i.e., improved recovery of motor, sensory, 
vestibulomotor, and/or somatosensory function). Improve 
ments further encompass a reduction in neural de?cits, and 
hence improved recovery of motor, sensory, vestibulomotor, 
and/ or somatosensory function. 
[0087] Methods to determine if an ischemic event has been 
treated, particularly With regard to reduction of ischemic 
damage including infarct siZe, edema, and development of 
neural de?cits, are Well knoWn to those skilled in the art. For 
example, after ischemic injury, there is a signi?cant increase 
in the density of omega 3 (peripheral-type benZodiaZepine) 
binding sites (BenaZodes et al. (1990) Brain Res. 5221275 
289). Methods to detect omega 3 sites are knoWn and can be 
used to determine the extent of ischemic damage. See for 
example, Gotti et al. (1990) Brain Res. 522:290-307 and 
references cited therein. Alternatively, GroWth Associated 
Protein-43 (GAP-43) can be used as a marker for neW axonal 
groWth folloWing an ischemic event. See, for example, Stro 
emer et al. (1995) Stroke 26:2135-2144, and Vaudano et al. 
(1995) J. Neurosci 15:3594-361 1. The therapeutic effect may 
also be measured by improved motor skills, cognitive func 
tion, sensory perception, speech and/or a decrease in the 
propensity to seiZure in the mammal undergoing treatment. 
Such functional/behavior tests used to assess sensorimotor 
and re?ex function are described in, for example, Bederson et 
al. (1986) Stroke 17:472-476, DeRyck et al. (1992) Brain 
Res. 573:44-60, Markgraf et al. (1992) Brain Res. 5751238 
246, Alexis et al. (1995) Stroke 26:2338-2346. Enhancement 
of neuronal survival may also be measured using the Scandi 
navian Stroke Scale (SSS) or the Barthel Index. Such assays 
can be readily used by one skilled in the art to determine the 
dosage range and/or appropriate regulatory agent of choice 
for the effective treatment of an ischemic event. 
[0088] For purposes of regulating the development of a 
therapeutic cell(s) of the present invention folloWing intrana 
sal transportation into the CNS With bypass of the blood-brain 
barrier in a mammal, the therapeutically effective amount or 
dose of a regulatory agent may comprise about 0.002 mg/kg 
to about 2.0 mg/kg of body Weight or from about 0.03 mg/kg 
to about 0.6 mg/kg of body Weight. Alternatively, the regula 
tory agent may be administered at 0.0004, 0.001, 0.005, 
0.007, 0.009, 0.01, 0.04, 0.06, 0.08, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 
1.2, 1.4, 1.6, 1.8, or 2.0 mg/kg of body Weight. It is further 
recogniZed that a loWer dose range of certain regulatory 
agents (i.e., ADNF) may be preferred. In these embodiments, 
the regulatory agent can be administered from about 0.1 
ng/kg to about 20 ng/kg. Alternatively, the regulatory agent 
can be administered at 0.2, 0.4, 0.6, 0.8, 1, 2, 4, 8, 12, 15, 18, 
and 19 ng/kg ofbody Weight. 

Antibiotic Agents 
[0089] In various embodiments, the present invention may 
further comprise an effective amount of at least one antibiotic, 
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or alternatively at least one antibiotic (s) pretreatment admin 
istered prior to application of the pharmaceutical composition 
to the upper third of the nasal cavity may be used, or any 
combination thereof, to protect the patient undergoing thera 
peutic cell therapy. Further, the antibiotic (s) may be delivered 
as a pretreatment, co-treatment and/or post treatment sys 
temically and/or by application to the upper third of the nasal 
cavity. The utility of such an antibiotic element Within the 
present invention is to reduce the risk that bacteria found in 
the nasal cavity may enter the nasal tissues at the upper third 
of the nasal cavity during application of the therapeutic cell(s) 
and/or pharmaceutical composition, cross the blood-brain 
barrier and infect other tissues Within the CNS. Particular 
tissues of concern include, but are not limited to, the brain, 
meninges, blood, spinal cord, and other peripheral tissues. A 
preferred embodiment is to pretreat and/or simultaneously 
treat the patient With antibiotic (s) When the delivery-enhance 
ment agent(s), e. g., hyaluronidase, is applied to the upper 
third of the nasal cavity. 
[0090] Exemplary antibiotics for use in the present inven 
tion comprise mupirocin, defensin, gentamycin, geneticin, 
cefminoxime, penicillin, streptomycin, xylitol, or other anti 
biotic, either alone or in combination to assist in protecting 
the patient Who is receiving therapeutic cell(s) and/or phar 
maceutical composition of the present invention. The use of 
such antibiotics Within nasal treatments is Widely reported in 
the literature as Will be readily recogniZed by the skilled 
artisan, hoWever no such nasal treatment is reported in con 
junction With the intranasal application of therapeutic cells 
and/or pharmaceutical compositions comprising therapeutic 
cells to the upper third of the nasal cavity Whereby the blood 
brain barrier is bypassed. 

Immuno suppressive Agents 

[0091] Alternate embodiments of the present invention 
may further comprise an effective amount of at least one 
immunosuppressive agent to enhance the viability of the 
therapeutic cell(s) through protection from in?ammatory 
response and/or activation of host immunocompetent cells. 
The immunosuppressive agent(s) may be delivered either as a 
pretreatment, simultaneously With the therapeutic cell(s) and/ 
or pharmaceutical composition and/ or post-treatment of the 
therapeutic cell(s) and/or pharmaceutical composition. Such 
immunosuppressive therapy in combination With the thera 
peutic cell(s) and/or pharmaceutical composition applied to 
the upper third of the nasal cavity Will improve the survival of 
such cells. 

[0092] When the host immunocompetent cells of the CNS, 
nasal mucosa and the neural pathWay betWeen the nasal 
mucosa and the CNS detect the applied therapeutic cells of 
the present invention, in?ammatory response and/or activa 
tion of host immunocompetent cells may result. This series of 
events Will decrease the therapeutic cell(s) survival. There 
fore, immunosuppression agent(s) may be employed, prior 
to, during and/or after the application of therapeutic cell(s) to 
the upper third of the nasal cavity to play a crucial role in the 
survival and viability of the therapeutic cells. The immuno 
suppression agent(s) may be applied intranasally to the upper 
third of the nasal cavity and/or systemically. Conventional 
and Well knoWn immunosuppressive agents that may be used 
alone, or in combination, in the present invention comprise 
cyclosporine A, tacrolimus, prednisolone, aZathioprine, 
methylprednisolone, mycophenylate mophetil and sirolimus. 
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Another immunosuppressive agent comprises application of 
genetically engineered cells expressing the Fas ligand. 

Pharmaceutical Composition 

[0093] In addition to the effective amount of at least one 
therapeutic cell administered to the upper third of the mam 
malian nasal cavity, a pharmaceutical composition may be 
applied or administered to the upper third of the nasal cavity. 
Such a pharmaceutical composition may comprise, in addi 
tion to the effective amount of at least one therapeutic cell, for 
example, the composition can comprise at least one regula 
tory agent as described supra, at least one delivery-enhance 
ment agent as described supra, at least one antibiotic, and/or 
at least one immunosuppressive agent, all as described supra 
and as Will be discussed further infra. The pharmaceutical 
composition of the present invention may be combined With 
pre-, co-, and post-treatment With any combination of sys 
temic and/or application to the upper third of the nasal cavity 
of the at least one regulatory agent, delivery-enhancement 
agent, antibiotic and/or immunosuppressive agent. 
[0094] Among the alternatives that may be combined With 
therapeutic cells in the pharmaceutical composition are deliv 
ery-enhancement agents, such as lipophilic agents, that can 
enhance absorption of the regulatory agent through the 
mucosa or epithelium of the nasal cavity to reach damaged 
and/or degenerating cells in the CNS. The regulatory agent 
may be mixed With a lipophilic agent or adjuvant alone or in 
combination With a carrier, or may be combined With one or 
several types of micelle or liposome substances. Among the 
preferred lipophilic substances are cationic liposomes includ 
ing one or more of phosphatidyl choline, lipofectin, DOTAP, 
or the like. 

[0095] A preferred delivery-enhancement agent comprises 
hyaluronidase Which has been observed to very signi?cantly 
increase delivery of therapeutic cells to the CNS When 
applied to the upper third of the nasal cavity as either a 
pretreatment to the therapeutic cell application of the present 
invention, or as a component of the pharmaceutical compo 
sition comprising therapeutic cells of the present invention. 
Altemative delivery-enhancement agents comprise neuregu 
lin and migration-inducing activity. These delivery-enhance 
ment agents, e.g., hyaluronidase, lipophilic agents, neuregu 
lin and migration-inducing activity may be used individually, 
or in any combination, to enhance delivery of the therapeutic 
cells to the CNS according to the present invention. There 
fore, at least one delivery-enhancement agent may be used as 
a pretreatment to transportation of the therapeutic cells and/ or 
pharmaceutical composition and/or as a component of the 
pharmaceutical composition comprising therapeutic cells. 
[0096] The pharmaceutical composition of the present 
invention may further comprise at least one antibiotic, or 
alternatively an antibiotic pretreatment prior to application of 
the pharmaceutical composition to the upper third of the nasal 
cavity may be used, or any combination thereof, to protect the 
patient undergoing therapeutic cell therapy. Further, the anti 
biotic may be delivered as a pretreatment, co-treatment and/ 
or post treatment given intranasally and/ or systemically. The 
utility of such an antibiotic element Within the present inven 
tion is to reduce the risk that bacteria found in the nasal cavity 
may enter the nasal tissues at the upper third of the nasal 
cavity during application of the therapeutic cell(s) and/or 
pharmaceutical composition, cross the blood-brain barrier 
and infect other tissues Within the CNS. Particular tissues of 
concern include, but are not limited to, the brain, meninges, 
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blood, spinal cord, and other peripheral tissues. A preferred 
embodiment is to pretreat and/or simultaneously treat the 
patient With antibiotic When a delivery-enhancement agent 
such as hyaluronidase is applied, either alone or in a pharma 
ceutical composition, to the upper third of the nasal cavity. 
[0097] Exemplary antibiotics for use in the present inven 
tion comprise mupirocin, defensin, gentamycin, geneticin, 
cefminoxime, penicillin, streptomycin, xylitol, or other anti 
biotic, either alone or in combination to assist in protecting 
the patient Who is receiving therapeutic cell(s) and/or phar 
maceutical composition of the present invention. The use of 
such antibiotics Within nasal treatments is Widely reported in 
the literature as Will be readily recogniZed by the skilled 
artisan. 
[0098] The present invention may further comprise at least 
one immunosuppressive agent, delivered either as a pretreat 
ment, simultaneously With the therapeutic cell(s) and/ or phar 
maceutical composition and/or post-treatment of the thera 
peutic cell(s) and/or pharmaceutical composition. Such 
immunosuppressive therapy in combination With the thera 
peutic cell(s) and/or pharmaceutical composition applied to 
the upper third of the nasal cavity Will improve the survival of 
such cells. When the host immunocompetent cells of the 
CNS, nasal mucosa and the neural pathWay betWeen the nasal 
mucosa and the CNS detect the applied therapeutic cells of 
the present invention, in?ammatory response and/or activa 
tion of host immunocompetent cells may result. This series of 
events Will decrease the therapeutic cell(s) survival. There 
fore, immunosuppression agent(s) may be employed, prior 
to, during and/or after the application of therapeutic cell(s) to 
the upper third of the nasal cavity to play a crucial role in the 
survival and viability of the therapeutic cells. The immuno 
suppression agent(s) may be applied intranasally to the upper 
third of the nasal cavity and/or systemically. Conventional 
and Well knoWn immunosuppressive agents that may be used 
alone, or in combination, in the present invention comprise 
cyclosporine A, tacrolimus, prednisolone, aZathioprine, 
methylprednisolone, mycophenylate mophetil and sirolimus. 
Another immunosuppressive agent comprises application of 
genetically engineered cells expressing the Fas ligand. 
[0099] Further, the pharmaceutical composition of the 
present invention may comprise any pharmaceutically 
acceptable additive, carrier, and/ or adj uvant that can promote 
the transfer of this agent Within or through a tissue innervated 
by the trigeminal nerve or olfactory nerve or along or through 
a neural pathWay. 

[0100] By “pharmaceutically acceptable carrier” is 
intended a carrier that is conventionally used in the art to 
facilitate the storage, administration, and/or the biological 
activity of therapeutic cell(s), regulatory agent(s), delivery 
enhancement agent(s), antibiotic(s) and/or immunosuppres 
sive agent Within a pharmaceutical composition of the present 
invention. A carrier may also reduce any undesirable side 
effects of the components of such a pharmaceutical compo 
sition. A suitable carrier should be stable, i.e., incapable of 
reacting With other ingredients in the formulation. It should 
not produce signi?cant local or systemic adverse effect in 
recipients at the dosages and concentrations employed for 
treatment. Such carriers are generally knoWn in the art. 

[0101] Suitable carriers for the various embodiments of the 
present invention include those conventionally used for large 
stable macromolecules such as albumin, gelatin, collagen, 
polysaccharide, monosaccharides, polyvinylpyrrolidone, 
polylactic acid, polyglycolic acid, polymeric amino acids, 
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?xed oils, ethyl oleate, liposomes, glucose, sucrose, lactose, 
mannose, dextrose, dextran, cellulose, mannitol, sorbitol, 
polyethylene glycol (PEG), and the like. A further pharrna 
ceutical composition may comprise microparticles, organic 
and inorganic compounds serving as an adherence material 
for the cell(s) and cell conglomerates that may be transported 
to the CNS in various embodiments of the present invention, 
thus diminishing the loss of cells transported from the nasal 
mucosa to the CNS. These compounds may include several 
kinds of adhesive molecules, gels (serving as an encapsulat 
ing/embedding material for the cells), components of extra 
cellular matrix or matrices, and organic and/or inorganic par 
ticles such as ?brin or ?bronectin carbon- or clay- and dextran 
particles and their composition. 
[0102] Water, saline, aqueous dextrose, and glycols are pre 
ferred liquid carriers, particularly (When isotonic) for solu 
tions. The carrier can be selected from various oils, including 
those of petroleum, animal, vegetable or synthetic origin, for 
example, peanut oil, soybean oil, mineral oil, sesame oil, and 
the like. Suitable pharmaceutical excipients include starch, 
cellulose, talc, glucose, lactose, sucrose, gelatin, malt, rice, 
?our, chalk, silica gel, magnesium stearate, sodium stearate, 
glycerol monostearate, sodium chloride, dried skim milk, 
glycerol, propylene glycol, Water, ethanol, and the like. The 
compositions can be subjected to conventional pharmaceuti 
cal expedients, such as sterilization, and can contain conven 
tional pharmaceutical additives, such as preservatives, stabi 
liZing agents, Wetting, or emulsifying agents, salts for 
adjusting osmotic pressure, buffers, and the like. Where the 
carrier is a liquid, it is preferred that the carrier be hypotonic 
or isotonic With body ?uids and have a pH Within the range of 
4.5-8.5. 

[0103] Other acceptable components in the pharmaceutical 
composition comprise, Without limitation, isotonicity-modi 
fying agents such as Water, saline, and buffers including phos 
phate, citrate, succinate, acetic acid, and other organic acids 
or their salts. Typically, the pharmaceutically acceptable car 
rier also includes one or more stabiliZers, reducing agents, 
anti-oxidants and/or anti-oxidant chelating agents. The use of 
buffers, stabiliZers, reducing agents, anti-oxidants and chelat 
ing agents in the preparation of protein-based compositions, 
particularly pharmaceutical compositions, is Well knoWn in 
the art. See, Wang et al. (1980) J. Parent. Drug Assn. 34(6): 
452-462; Wang et al. (1988) J. Parent. Sci. Tech. 42:S4-S26 
(Supplement); Lachman et al. (1968) Drug and Cosmetic 
Industry 102(1):36-38, 40, and 146-148;Akers (1988) J. Par 
ent. Sci. Tech. 36(5):222-228; and Methods in EnZymology, 
Vol. XXV, ed. ColoWick and Kaplan, “Reduction of Disul?de 
Bonds in Proteins With Dithiothreitol,” by Konigsberg, pp. 
1 85-188. 

[0104] Various embodiments of the pharmaceutical com 
position of the present invention comprise suitable buffers 
such as acetate, adipate, benZoate, citrate, lactate, maleate, 
phosphate, tartarate, borate, tri(hydroxymethyl ami 
nomethane), succinate, glycine, histidine, the salts of various 
amino acids, or the like, or combinations thereof. See Wang 
(1980) supra at page 455. Suitable salts and isotonici?ers 
include sodium chloride, dextrose, mannitol, sucrose, treha 
lose, or the like. 
[0105] Various embodiments of the pharmaceutical com 
position of the present invention may further comprise suit 
able reducing agents, Which maintain the reduction of 
reduced cysteines, include dithiothreitol (DTT also knoWn as 
Cleland’s reagent) or dithioerythritol at 0.01% to 0.1% Wt/Wt; 
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acetylcysteine or cysteine at 0.1% to 0.5% (pH 2-3); and 
thioglycerol at 0.1% to 0.5% (pH 3.5 to 7.0) and glutathione. 
Suitable antioxidants include sodium bisul?te, sodium 
sul?te, sodium metabisul?te, sodium thiosulfate, sodium 
formaldehyde sulfoxylate, and ascorbic acid. Suitable chelat 
ing agents, Which chelate trace metals to prevent the trace 
metal catalyZed oxidation of reduced cysteines, include cit 
rate, tartarate, ethylenediaminetetraacetic acid (EDTA) in its 
disodium, tetrasodium, and calcium disodium salts, and 
diethylenetriamine pentaacetic acid (DTPA). See, e. g., Wang 
(1980) supra at pages 457-458 and 460-461, andAkers (1988) 
supra at pages 224-227. 
[0106] Various embodiments of the pharmaceutical com 
position of the present invention may further comprise one or 
more preservatives such as phenol, cresol, paraminobenZoic 
acid, BDSA, sorbitrate, chlorhexidine, benZalkonium chlo 
ride, or the like. Suitable stabiliZers include carbohydrates 
such as trehalose or glycerol. The composition can include a 
stabiliZer such as one or more of microcrystalline cellulose, 
magnesium stearate, mannitol, or sucrose to stabiliZe, for 
example, the physical form of the composition; and one or 
more of glycine, arginine, hydrolyZed collagen, or protease 
inhibitors to stabiliZe, for example, the chemical structure of 
the composition. 
[0107] Various embodiments of the pharmaceutical com 
position of the present invention may also comprise suitable 
suspending agents such as carboxymethyl cellulose, hydrox 
ypropyl methylcellulose, hyaluronic acid, alginate, chon 
droitin sulfate, dextran, maltodextrin, dextran sulfate, or the 
like. The composition can include an emulsi?er such as 
polysorbate 20, polysorbate 80, pluronic, triolein, soybean 
oil, lecithins, squalene and squalanes, sorbitan treioleate, or 
the like. 
[0108] The pharmaceutical composition of the present 
invention may further comprise at least one antimicrobial 
such as phenylethyl alcohol, phenol, cresol, benZalkonium 
chloride, phenoxyethanol, chlorhexidine, thimerosol, or the 
like. Suitable thickeners include natural polysaccharides such 
as mannans, arabinans, alginate, hyaluronic acid, dextrose, or 
the like; and synthetic ones like the PEG hydrogels of loW 
molecular Weight; and aforementioned suspending agents 
may be included in the pharmaceutical composition of the 
present invention. 
[0109] The inventive pharmaceutical composition may fur 
ther comprise include an adjuvant such as cetyl trimethyl 
ammonium bromide, BDSA, cholate, deoxycholate, polysor 
bate 20 and 80, fusidic acid, or the like. Suitable sugars 
include glycerol, threose, glucose, galactose, mannitol, and 
sorbitol. 

[0110] Various embodiments of the pharmaceutical com 
position of the present invention may further comprise one or 
more of a solubility enhancing additive, preferably a cyclo 
dextrin; a hydrophilic additive, preferably a monosaccharide 
or oligosaccharide; an absorption promoting additive, prefer 
ably a cholate, a deoxycholate, a fusidic acid, or a chitosan; a 
cationic surfactant, preferably a cetyl trimethyl ammonium 
bromide; a viscosity enhancing additive, preferably to pro 
mote residence time of the composition at the site of admin 
istration, preferably a carboxymethyl cellulose, a maltodex 
trin, an alginic acid, a hyaluronic acid, or a chondroitin 
sulfate; or a sustained release matrix, preferably a polyanhy 
dride, a polyorthoester, a hydrogel, a particulate sloW release 
depo system, preferably a polylactide co-glycolides (PLG), a 
depo foam, a starch microsphere, or a cellulose derived buccal 
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system; a lipid-based carrier, preferably an emulsion, a lipo 
some, a niosome, or a micelle. The composition can include a 

bilayer destabilizing additive, preferably a phosphatidyl etha 
nolamine; a fusogenic additive, preferably a cholesterol 
hemisuccinate. 

[0111] The pharmaceutical composition may additionally 
include a solubiliZing compound to enhance stability of the 
regulatory agent or biologically active variant thereof. For 
lGF-l, a preferred solubiliZing agent includes a guanidinium 
group that is capable of enhancing its solubility. Examples of 
such solubiliZing compounds include the amino acid argin 
ine, as Well as amino acid analogs of arginine that retain the 
ability to enhance solubility of IGF-I or biologically active 
variant thereof at pH 5.5 or greater. Such analogs include, 
Without limitation, dipeptides and tripeptides that contain 
arginine. By “enhancing the solubility” is intended increasing 
the amount of groWth factor or biologically active variant 
thereof that can be dissolved in solution at pH 5.5 or greater in 
the presence of a guanidinium-containing compound com 
pared to the amount of this protein that can be dissolved at pH 
5.5 or greater in a solution With the same components but 
lacking the guanidinium-containing compound. The ability 
of a guanidinium-containing compound to enhance the solu 
bility of the groWth factor or biologically active variant 
thereof can be determined using methods Well knoWn in the 
art. In general, it is knoWn to provide the concentration of the 
solubiliZing compound present in the composition in the 
range from about 10 mM to about 1 M, and, for example, in 
the case of the compound arginine, in a concentration range of 
about 20 mM to about 200 mM. 

[0112] These lists of carriers and additives are by no means 
complete, and a Worker skilled in the art can choose excipi 
ents from the GRAS (generally regarded as safe) list of 
chemicals alloWed in the pharmaceutical preparations and 
those that are currently alloWed in topical and parenteral 
formulations. 

[01 13] Moreover, the method for formulating a pharmaceu 
tical composition is generally knoWn in the art. A thorough 
discussion of formulation and selection of pharmaceutically 
acceptable carriers, stabiliZers, and isomolytes can be found 
in Remington’s Pharmaceutical Sciences (18.sup.th ed.; 
Mack Publishing Company, Eaton, Pa., 1990), herein incor 
porated by reference. 
[0114] For the purposes of this invention, the pharmaceu 
tical composition as described herein can be formulated in a 
unit dosage and in a form such as a solution, suspension, or 
emulsion for application to the upper third of the nasal cavity. 
The pharmaceutical composition to be applied and adminis 
tered to the upper third of the nasal cavity to the tissue inner 
vated by the olfactory neurons may be in the form of a poWder, 
a granule, a solution, a spray (e. g., an aerosol), an ointment, an 
infusion, a drop, or a sustained-release composition, such as 
a polymer disk. Other forms of compositions for administra 
tion include a suspension of a particulate, such as an emul 
sion, a liposome, an insert that releases the pharmaceutical 
composition sloWly, and the like. The poWder or granular 
forms of the pharmaceutical composition may be combined 
With a solution and With a diluting, dispersing, or surface 
active regulatory agent. The composition can also be in the 
form of lyophiliZed poWder, Which can be converted into 
solution, suspension, or emulsion before administration. The 
pharmaceutical composition comprising at least one regula 
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tory agent is preferably steriliZed by membrane ?ltration and 
is stored in unit-dose or multi-dose containers such as sealed 
vials or ampoules. 
Administration of Therapeutic Cells and/ or Pharmaceutical 
Compounds 
[0115] Administering therapeutic cells according to the 
methods of the invention may include application of thera 
peutic cells alone or formulating the therapeutic cells With 
one or more of the compounds described supra as pharma 
ceutical compositions and administering the pharmaceutical 
compositions to an animal subject or host, including a human 
patient, intranasally to the upper third of the nasal cavity. The 
therapeutic cells and/ other components of the pharmaceutical 
composition thereof, e.g., delivery-enhancement agent, regu 
latory agent, antibiotic and/ or immunosuppressive agent, 
may be administered at one of a variety of doses su?icient to 
provide an effective amount at the desired point of action of 
the therapeutic cell and/or pharmaceutical composition com 
ponent. Doses for humans and other mammals can range from 
about 0.001 mg/kg to about 100 mg/kg, preferably from about 
0.01 mg/kg to about 10 mg/kg, preferably from about 0.1 
mg/kg to about 1-10 mg/kg. As noted, delivery-enhancement 
agent(s), regulatory agent(s), antibiotic(s) and/ or immuno 
suppressive agent(s) may be delivered as pre-treatment, co 
treatment and/or post-treatment With the therapeutic cell(s) 
and/or pharmaceutical composition, either alone or as a com 
ponent of the pharmaceutical composition, and, When not 
comprised Within the pharmaceutical composition, may be 
delivered either systemically or to the upper third of the nasal 
cavity. 
[0116] For application to the upper third of the nasal cavity 
as suspensions, aerosols, sprays or drops, the therapeutic 
cell(s) and/or pharmaceutical composition(s) can be prepared 
according to techniques Well knoWn in the art of pharmaceu 
tical formulation. The compositions can be prepared as sus 
pensions of cells in solutions Which may comprise salts such 
as saline, components such as phosphate, succinate or citrate 
buffers to maintain pH, osmoregulatory and osmotic agents 
such as taurine, and suitable preservatives, absorption pro 
moters to enhance bioavailability, ?uorocarbons or other 
solubiliZing or dispersing agents knoWn in the art. The means 
of applying a pharmaceutical composition intranasally to the 
upper third of the nasal cavity may be in a variety of forms 
such as a poWder, spray, gel or nose drops. 

[0117] Other forms of compositions for administration of 
therapeutic cells and/ or pharmaceutical compositions or ele 
ments thereof include a suspension of a particulate, such as an 
emulsion, a liposome, or in a sustained-release form to pro 
long the presence of the pharmaceutically active agent in an 
individual. The poWder or granular forms of the pharmaceu 
tical composition may be combined With a solution and With 
a diluting, dispersing or surface-active agent. Additional 
compositions for administration include a bioadhesive to 
retain the agent at the site of administration at the upper third 
of the nasal cavity, for example a spray, paint, or sWab applied 
to the mucosa. A bioadhesive can refer to hydrophilic poly 
mers, natural or synthetic, Which, by the hydrophilic desig 
nation, can be either Water soluble or sWellable and Which are 
compatible With the pharmaceutical composition. Such adhe 
sives function for adhering the formulations to the mucosal 
tissues of the upper third of the nasal cavity. Such adhesives 
can include, but are not limited to, hydroxypropyl cellulose, 
hydroxypropyl methylcellulose, hydroxy ethylcellulose, eth 
ylcellulose, carboxymethyl cellulose, dextran, gaur gum, 
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polyvinyl pyrrolidone, pectins, starches, gelatin, casein, 
acrylic acid polymers, polymers of acrylic acid esters, acrylic 
acid copolymers, vinyl polymers, vinyl copolymers, poly 
mers of vinyl alcohols, alkoxy polymers, polyethylene oxide 
polymers, polyethers, and combinations thereof. The compo 
sition can also be in the form of lyophilized poWder, Which 
can be converted into solution, suspension, or emulsion 
before administration. The pharmaceutical composition is 
preferably sterilized by membrane ?ltration and is stored in 
unit-dose or multi-dose containers such as sealed vials or 
ampoules. 
[0118] The pharmaceutical composition may be formu 
lated in a sustained-release form to prolong the presence of 
the active agent in the treated individual. Many methods of 
preparation of a sustained-release formulation are knoWn in 
the art and are disclosed in Remington’s Pharmaceutical Sci 
ences. Generally, the therapeutic cells, pharmaceutical com 
position and/ or components of the pharmaceutical composi 
tion, i.e., delivery-enhancement agent, regulatory agent, 
antibiotic and/or immunosuppressive agent, may be 
entrapped in semi-permeable matrices of solid hydrophobic 
polymers. The matrices can be shaped into ?lms or micro 
capsules. Matrices can include, but are not limited to, poly 
esters, co-polymers of L-glutamic acid and gamma ethyl-L 
glutamate, polylactides, polylactate polyglycolate, 
hydrogels, non-degradable ethylene-vinyl acetate, degrad 
able lactic acid-glycolic acid copolymers, hyaluronic acid 
gels, and alginic acid suspensions. Suitable microcapsules 
can also include hydroxymethylcellulose or gelatin and poly 
methyl methacrylate. Microemulsions or colloidal drug 
delivery systems such as liposomes and albumin micro 
spheres can also be used. 

Delivery Systems 

[0119] Therapeutic cells and/or a pharmaceutical compo 
sition comprising therapeutic cells and/or components of the 
pharmaceutical composition of the present invention may 
further be dispensed and applied intranasally to the upper 
third of the nasal cavity as a poWdered or liquid nasal spray, 
suspension, nose drops, a gel, ?lm or ointment, through a tube 
or catheter, by syringe, by packtail, by pledget (a small ?at 
absorbent pad), by nasal tampon or by submucosal infusion. 
In some aspects of the present invention, the methods com 
prise administering to an individual therapeutic cells and/or a 
pharmaceutical composition thereof to the upper third of the 
nasal cavity by Way of a delivery device. Nasal drug delivery 
can be carried out using devices including, but not limited to, 
unit dose containers, pump sprays, droppers, squeeze bottles, 
airless and preservative-free sprays, nebulizers (devices used 
to change liquid medication to an aerosol particulate form), 
metered dose inhalers, and pressurized metered dose inhalers. 
In some aspects, an accurate effective dosage amount is con 
tained Within a bioadhesive patch that is placed directly 
Within and on the upper third of a nasal cavity. 
[0120] Therapeutic cells and/or a pharmaceutical compo 
sition comprising therapeutic cells and/or components of the 
therapeutic composition of the present invention may be con 
veniently delivered to the upper third of the nasal cavity in the 
form of an aerosol spray using a pressurized pack or a nebu 
lizer and a suitable propellant including, but not limited to, 
dichlorodi?uoromethane, trichloro?uoromethane, dichlo 
rotetra?uoroethane, hydrocarbons, compressed air, nitrogen 
or carbon dioxide. An aerosol system requires the propellant 
to be inert toWards the therapeutic cells and/or pharmaceuti 
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cal composition as Will be readily recognized by the skilled 
artisan. In the case of a pressurized aerosol, the dosage unit 
may be controlled by providing a valve to deliver an accu 
rately metered amount. 
[0121] The means to deliver therapeutic cells or pharma 
ceutical composition comprising therapeutic cells and/or 
components of the pharmaceutical composition of the present 
invention to the upper third of the nasal cavity as a poWder 
may be in a form such as microspheres delivered by a nasal 
insuf?ator device (a device to bloW a gas, poWder, or vapor 
into a cavity of the body) or pressurized aerosol canister. The 
insuf?ator produces a ?nely divided cloud of the dry poWder 
or micro spheres. The insuf?ator may be provided With means 
to ensure administration of a substantially metered amount of 
the pharmaceutical composition. The poWder or micro 
spheres should be administered in a dry, air-dispensable form. 
The poWder or microspheres may be used directly With an 
insuf?ator Which is provided With a bottle or container for the 
poWder or microspheres. Alternatively the poWder or micro 
spheres may be ?lled into a capsule such as a gelatin capsule, 
or other single dose device adapted for nasal administration. 
The insuf?ator can have means such as a needle to break open 
the capsule or other device to provide holes through Which 
jets of the poWdery composition can be delivered to the upper 
third of the nasal cavity. In this embodiment, the therapeutic 
cells may be dehydrated and/ or lyophilized, With subsequent 
rehydration in the nasal mucosa. 

Intermittent and Cyclic Dosing 

[0122] In various embodiments of the invention, therapeu 
tic cells and/or a pharmaceutical composition comprising an 
effective amount of the therapeutic cells and/or the compo 
nents of the pharmaceutical composition may be adminis 
tered as a single and one-time dose, or alternatively therapeu 
tic cells and/or the components of the pharmaceutical 
composition may be administered more than once and inter 
mittently. By “intermittent administration” is intended 
administration of an effective amount of therapeutic cells 
and/or the components of the pharmaceutical composition, 
folloWed by a time period of discontinuance, Which is then 
folloWed by another administration of an effective amount, 
and so forth. Administration of the effective amount of thera 
peutic cells and/or the components of the pharmaceutical 
composition may be achieved in a continuous manner, as for 
example With a sustained-release formulation, or it may be 
achieved according to a desired daily dosage regimen, as for 
example With one, tWo, three, or more administrations per 
day. By “time period of discontinuance” is intended a discon 
tinuing of the continuous sustained-released or daily admin 
istration of the therapeutic cells and/ or the components of the 
pharmaceutical composition. The time period of discontinu 
ance may be longer or shorter than the period of continuous 
sustained-release or daily administration. During the time 
period of discontinuance, the therapeutic cells and/or the 
components of the pharmaceutical composition level in the 
relevant tissue is substantially beloW the maximum level 
obtained during the treatment. The preferred length of the 
discontinuance period depends on the concentration of the 
effective dose and the form of therapeutic cells and/or the 
components of the pharmaceutical composition used. The 
discontinuance period can be at least 2 days, preferably is at 
least 4 days, more preferably is at least 1 Week and generally 
does not exceed a period of 4 Weeks. When a sustained 
release formulation is used, the discontinuance period must 
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be extended to account for the greater residence time of 
regulatory agent at the site of injury. Alternatively, the fre 
quency of administration of the effective dose of the sus 
tained-release formulation can be decreased accordingly. An 
intermittent schedule of administration of therapeutic cells 
and/or the components of the pharmaceutical composition 
may continue until the desired therapeutic effect, and ulti 
mately treatment of the disease or disorder is achieved. 

[0123] In yet another embodiment, intermittent admini stra 
tion of the effective amount(s) of therapeutic cells and/or the 
components of the pharmaceutical composition is cyclic. By 
“cyclic” is intended intermittent administration accompanied 
by breaks in the administration, With cycles ranging from 
about 1 month to about 2, 3, 4, 5, or 6 months. For example, 
the administration schedule might be intermittent administra 
tion of the effective dose of therapeutic cells and/or the com 
ponents of the pharmaceutical composition, Wherein a single 
short-term dose is given once per Week for 4 Weeks, folloWed 
by a break in intermittent administration for a period of 3 
months, folloWed by intermittent administration by adminis 
tration of a single short-term dose given once per Week for 4 
Weeks, folloWed by a break in intermittent administration for 
a period of 3 months, and so forth. As another example, a 
single short-term dose may be given once per Week for 2 
Weeks, folloWed by a break in intermittent administration for 
a period of 1 month, folloWed by a single short-term dose 
given once per Week for 2 Weeks, folloWed by a break in 
intermittent administration for a period of 1 month, and so 
forth. A cyclic intermittent schedule of administration of 
therapeutic cells and/or the components of the pharmaceuti 
cal composition to a subject may continue until the desired 
therapeutic effect, and ultimately treatment of the disorder or 
disease is achieved. 

[0124] For purposes of regulating therapeutic cell develop 
ment and thereby reducing or preventing the clinical mani 
festation of the neurological disorder being treated, intranasal 
administration of one or more therapeutically effective doses 
of at least one regulatory agent may occur Within minutes, 
hours, days, or even Weeks of the initial application of the 
therapeutic cells and/or pharmaceutical composition(s) of the 
present invention. For example, the initial therapeutic dose of 
the at least one regulatory agent may be administered Within 
about 2 to 4 hours, Within about 2 to 6 hours, Within about 8 
hours, Within about 10 hours, about 15 hours, about 24 hours, 
Within about 36 hours, 48 hours, 72 hours, or about 96 hours, 
or longer folloWing application of the therapeutic cells and/or 
pharmaceutical composition(s) of the present invention. One 
or more additional doses of the regulatory agent may be 
administered for hours, days, or Weeks folloWing the initial 
dose. Furthermore, the animal undergoing a cell replacement 
regeneration therapy according to embodiments of the 
present invention may be administered additional regulatory 
agents and/or therapeutic cells and/or pharmaceutical com 
positions intermittently overtime according to a patient care 
strategy. Thus, for example, an animal undergoing cell 
replacement therapy can be administered one or more thera 
peutically effective doses of the regulatory agent(s), thera 
peutic cells and/or pharmaceutical composition(s) of the 
present invention thereof prior to, during, or folloWing the 
initial application. Similarly, the delivery enhancement agent, 
immunosuppressive agent(s) and/or antibiotic agent(s) may 
be administered prior to, during or folloWing the initial appli 
cation of the therapeutic cells and/or pharmaceutical compo 
sition(s) of the present invention. The intermittent and cyclic 
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administration frameWorks provided herein are exemplary 
only and not in any Way intended to be limiting. Those skilled 
in the art Will recogniZe various administration frameWorks/ 
frequencies for individual cases, each such administration 
frameWork/frequency is Within the scope of the present inven 
tion. 

Articles and Methods of Manufacture 

[0125] The present invention also includes an article of 
manufacture providing therapeutic cells and/ or pharmaceuti 
cal composition comprising therapeutic cells and/or compo 
nents of the pharmaceutical composition of the present inven 
tion for intranasal administration to the upper third of the 
nasal cavity and subsequent bypass of the blood-brain barrier 
and transport to the CNS. The article of manufacture may 
include a vial or other container that contains a composition 
suitable for the present method together With any carrier, 
either dried or in liquid form. The article of manufacture 
further includes instructions in the form of a label on the 
container and/or in the form of an insert included in a box in 
Which the container is packaged, for the carrying out the 
method of the invention. The instructions can also be printed 
on the box in Which the vial is packaged. The instructions 
contain information such as su?icient dosage and adminis 
tration information so as to alloW the subject or a Worker in the 
?eldto administer the therapeutic cells and/ or pharmaceutical 
composition comprising therapeutic cells and/or components 
of the pharmaceutical composition of the present invention. It 
is anticipated that a Worker in the ?eld encompasses any 
doctor, nurse, technician, spouse, or other care-giver that 
might administer the therapeutic cells and/ or pharmaceutical 
composition comprising therapeutic cells and/or components 
of the pharmaceutical composition of the present invention. 
The therapeutic cells and/or the components of the pharma 
ceutical composition may also be self-administered by the 
subject. 
[0126] The present invention may be better understood 
With reference to the folloWing examples. These examples are 
intended to be representative of speci?c embodiments of the 
invention, and are not intended as limiting the scope of the 
invention. 

EXAMPLES 

Example 1 

Therapeutic Cells Bypassing the Blood-Brain Barrier 
FolloWing Intranasal Application to the Upper Third 
of the Nasal Cavity in a Rat Model of Parkinson’s 

Disease 

[0127] The hypothesis that therapeutic cells could indeed 
bypass the blood-brain barrier Was tested by the inventors in 
healthy rodents (mice and rats) and in rats treated With 
6-OHDA to create a model of Parkinson’s disease. In this 
example, mesenchymal stem cells, i.e., eukaryotic cells, Were 
administered intranasally to the upper third of the nasal cavity 
of adult healthy mice and to 6-hydroxydopamine (6-OHDA) 
unilateral-lesioned rats to model the damaged and/or degen 
erating CNS of patients With Parkinson’s disease. Addition 
ally, glioma cells Were intranasally administered to the upper 
third of the nasal cavity of young healthy rats. Within one (1) 
hour of administration/application, both cell types reached 
the olfactory bulb, cortex, hippocampus, striatum and the 
cerebellum of the healthy animals. In the 6-OHDA rat model 
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of Parkinson’s disease, the cells Were detected 4 hours after 
administration. It is likely that the cells may have reached the 
brain in both cases in less than one hour. After the cells 
crossed the cribriform plate, tWo migration routes Were 
observed: (1) migration into the olfactory bulb and also to 
other parts of the brain including the cortex and striatum; and 
(2) entry into the cerebro spinal ?uid With movement along the 
surface of the cortex folloWed by entrance into the brain 
parenchyma. 

Example 2 

Effect of Delivery-Enhancement Agent on Transport 
of Therapeutic Cells FolloWing Intranasal Applica 

tion to the Upper Third of Nasal Cavity 

[0128] The ef?cacy Was evaluated of intranasal delivery of 
therapeutic cells to the brain after intranasal application of rat 
mesenchymal stem cells (MSCs) labeled With CFDA or 
Hoechst dye to the upper third of the nasal cavity of seven 
Week-old C57 bl/ 6 mice, thus bypassing the blood-brain 
barrier in the administration and application and transport of 
the therapeutic cells. 
[0129] Initially, the animals Were divided into three groups 
(n:5 in each group): 1) group A received only intranasal 
therapeutic cells; 2) group B received delivery-enhancement 
agent hyaluronidase intranasally 30 minutes prior to the intra 
nasal application of cells; 3) group C received vehicle intra 
nasally (24 ul PBS). One hour after application of cells, the 
animals Were sacri?ced under anesthesia, the skulls Were 
froZen at —80° C. and sectioned later in sagittal or horizontal 
slices (20 um) mounted With medium containing DAPI or PI 
and analyZed by ?uorescent microscopy. 
[0130] Hoechst dye labeled cells appeared in all layers of 
the olfactory bulb, striatum, cortex, in the Wall and vicinity of 
the lateral ventricle, and cerebellum of animals in group A, 
the intranasally delivered therapeutic cells alone. In the olfac 
tory bulb, the cells Were distributed over all layers in animals 
of group A and B. Intranasal administration of hyaluronidase 
(100 U/animal in group B) increased the number of MSCs in 
the brain, especially in the olfactory bulb, When compared 
With those from group A. 
[0131] The distribution of MSCs in different cortex layers 
in groups A and B suggest migration of therapeutic cells from 
the surface into the parenchyma. Numerous cells Were local 
iZed in the subarachnoid space in close vicinity to MSCs 
Which already reached the upper layer of the cortex. Some of 
these cells had processes suggesting progress in their differ 
entiation. A large amount of the intranasally-applied CFDA 
labeled MSCs remained in the upper nasal cavity (arroWs in 
FIG. 2 D) l h after application indicating that therapeutic cell 
migration from the nasal mucosa through the cribriform plate 
into the brain could possibly continue for several hours and 
perhaps even days. 
[0132] A stepWise migration of cells from the surface of the 
cortex into the deeper layers Was observed after a certain 
density of cells is reached in one layer; aggregates of cells in 
the deeper layers appear only in the vicinity of cell roWs 
placed closer to the surface of the cortex. 

Example 3 

Targeted Migration of Therapeutic Cells to Lesion 
Within CNS FolloWing Intranasal Application to the 

Upper Third of Nasal Cavity 
[0133] Since the results obtained and described above in 
Example 2 shoW that, besides cortex, olfactory bulb and cer 
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ebellum, intranasally applied therapeutic cells appeared also 
in the area of striatum, We decided to investigate, Whether 
neurodegeneration might target the migration of applied cells 
to the lesion side using a model With a unilateral lesion With 
6-OHDA in adult rats. 
[0134] Striatal damage Was induced in adult rats by unilat 
eral injection (left hemisphere) of the neurotoxin 6-hydroxy 
dopamine (6-OHDA) to induce a Parkinson’s type model. 
The cells Were applied in tWo groups of animals (n:5 in each): 
1) Without or 2) With intranasal hyaluronidase treatment (200 
U/ animal) 30 minutes prior to the intranasal administration of 
the cells three days after the lesion. The brains of animals 
Were WithdraWn 4 h after application of cells and froZen at 
—80° C. To shoW the degenerative changes in the left (le 
sioned) striatum after 6-OHDA-lesion, l0 horiZontal slices 
from each animal Were taken from the area 5 mm to 8 mm 

from bregma Were stained for tyrosine hydroxylase (TH). 
[0135] In contrast to the strong staining of nearly Whole 
striatum With TH at the unlesioned side, the expression of TH 
at the lesioned side Was clearly decreased. Screening of the 
brain slices With ?uorescent microscopy revealed a notable 
difference in the number of cells betWeen the lesioned and 
contralateral sides: the majority of CFDA labeled MSCs Was 
found in the olfactory bulb (OB), the cortex at the level of 
lesion and Within the lesioned striatum Whereas only very feW 
cells Were found in the striatum, cortex and OB of the con 
tralateral hemisphere. Some MSCs Were occasionally found 
in the slices stained for TH: Interestingly very feW of the 
MSCs Which Were found in OB expressed TH, Whereas the 
majority of cells localiZed in the cortex in the vicinity of the 
lesion Were TH-positive. 
[0136] These results provide evidence of targeted stem cell 
preferential migration to the site of the lesion in 6-OHDA 
lesioned rodents. Furthermore, better delivery to the brain of 
bone marroW stem cells Was shoWn in the lesioned hemi 
sphere in comparison With those in the unlesioned side using 
an embodiment of the present invention. 

Example 4 

Therapeutic Cells Comprising Tumor Cells Bypass 
ing Blood-Brain Barrier FolloWing Intranasal Appli 
cation to the Upper Third of Nasal Cavity in Parkin 

son’s Model 

[0137] This study investigates Whether or not only thera 
peutic stem cells but also tumor cells may be delivered to the 
brain after intranasal administration. Intranasal administra 
tion of human Phi-Yellow and CFDA-labeled T406 glioma 
cells to the upper third of the nasal cavity of 10-day old rats 
(n:5) Was achieved. One hour after administration, the ani 
mals Were sacri?ced. Sagittal sections (20 pm) of the Whole 
heads of animals (including the skull and brain) Were pro 
cessed by ?uorescent microscopy. CFDA-labeled glioma 
cells identi?ed in the nasal cavity, cribriform plate, olfactory 
bulb, frontal cortex, and hippocampal area. 
[0138] In this study, intranasal delivery of eukaryotic cells 
(stem cells as Well as tumor cells) into the intact and lesioned 
brains of rodents Was demonstrated. Brain tumors consist of 
intracranial tumors Which result from abnormal or uncon 
trolled cell division. This can occur in the brain, the meninges, 
the cranial nerves or in blood vessels or lymphatics of the 
central nervous system. Most primary brain tumors occur in 
the posterior cranial fossa in children (i.e. brain stem glioma) 
and in the anterior portion of the cerebral hemispheres in 
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adults. Pediatric brain tumors account for about one-fourth of 
pediatric cancers. There are about more than 10,000 deaths 
per year in the United States due to brain tumors. Most pri 
mary brain tumors originate from glial cells in the central 
nervous system. However, secondary brain tumors that 
develop from cancers elseWhere in the body and metastasiZe 
to the brain are even more common. Tumors can metastasiZe 

to the brain from the lungs, skin, kidney, breast, colon and 
other organs. 
[0139] Brain tumors are di?icult to treat because most che 
motherapeutic agents do not readily cross the blood-brain 
barrier and it is not possible to safely and successfully remove 
certain types of brain tumors, e.g. brain stem gliomas, 
because of their location close to areas of the brain that 
control key autonomic functions such as breathing, heart 
function, etc. 
[0140] Currently, researchers developing and testing neW 
therapeutics for brain tumors need to surgically implant 
tumor cells into the brain of an animal to create an animal 
brain tumor model Which can be used to test neW drugs. We 
demonstrate here that tumor cells can be non-invasively intro 
duced into the brain by administering them to the upper third 
of the nasal cavity and that hyaluronidase and other agents 
can be used to facilitate this process. Thus this example dem 
onstrates that a brain tumor model can be created non-inva 
sively Without the problems associated With neurosurgery and 
direct implantation of tumor cells using embodiments of the 
present invention. 
[0141] The invention has been described With reference to 
various speci?c and preferred embodiments and techniques. 
HoWever, it should be understood that many variations and 
modi?cations may be made While remaining Within the spirit 
and scope of the invention. 

We claim: 

1. A method for transporting therapeutic cells to a damaged 
or degenerating or injured central nervous system of an ani 
mal, the damage or degeneration caused by a neurological 
disease or condition that results in the loss or death of central 
nervous system cells, comprising: 

applying at least one therapeutic cell to the upper third of 
the nasal cavity of the mammal; and 

enabling the therapeutic cells to access the damaged cen 
tral nervous system by bypassing the blood-brain bar 
rier. 

2. The method of claim 1, further comprising administer 
ing the at least one therapeutic cell to a tissue innervated by 
the olfactory nerve, Wherein the at least one therapeutic cell 
bypasses the blood-brain barrier to access the damaged cen 
tral nervous system; and 

minimiZing systemic delivery of the therapeutic cells out 
side of the central nervous system. 

3. The method of claim 2, further comprising the at least 
one therapeutic cell bypassing the blood-brain barrier by 
migrating along a neural pathWay into the damaged central 
nervous system. 

4. The method of claim 3, further comprising the at least 
one therapeutic cell preferentially migrating to an area of 
damage Within the central nervous system. 

5. The method of claim 1, further comprising applying 
hyaluronidase in an effective amount intranasally to the upper 
third of the animal’s nasal cavity. 
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6. The method of claim 1, further comprising applying 
hyaluronidase in an effective amount prior to applying the at 
least one therapeutic cell to the upper third of the animal’s 
nasal cavity. 

7. The method of claim 1, further comprising providing a 
pharmaceutical composition comprising the at least one 
therapeutic cell and an effective amount of hyaluronidase; 
and applying an effective amount of the pharmaceutical com 
position to the upper third of the animal’s nasal cavity. 

8. The method of claim 1, Wherein the therapeutic cells 
comprise eukaryotic cells. 

9. The method of claim 1, Wherein the therapeutic cells 
comprise stem cells. 

10. The method of claim 1, Wherein the therapeutic cells 
comprise tumor cells capable of therapeutic action. 

11. The method of claim 1, further comprising applying the 
at least one therapeutic cell to the upper third of the animal’s 
nasal cavity in a physiologically effective amount to provide 
therapeutic action comprising replacement of lost and/or 
dying cells in the damaged central nervous system. 

12. The method of claim 7, further comprising applying the 
pharmaceutical composition to the upper third of the animal’s 
nasal cavity in a physiologically effective amount to provide 
therapeutic action comprising replacement of lost and/or 
dying cells in the damaged central nervous system 

13. The method of claim 1, Wherein the neurological dis 
ease or condition comprises Parkinson’s disease. 

14. The method of claim 1, Wherein the neurological dis 
ease or condition comprises AlZheimer’s disease. 

15. The method of claim 1, Wherein the neurological dis 
ease or condition comprises ischemia. 

16. A method for transporting therapeutic cells to a dam 
aged or degenerating central nervous system of an animal, the 
damage or degeneration caused by a neurological disease or 
condition that results in the loss or death of central nervous 
system cells, comprising: 

providing a pharmaceutical composition comprising at 
least one therapeutic cell and at least one delivery-en 
hancement agent; 

applying the pharmaceutical composition to the upper third 
of the nasal cavity of the mammal; and 

enabling the therapeutic cells to access the damaged cen 
tral nervous system by bypassing the blood-brain bar 
ner. 

17. The method of claim 16, Wherein the at least one 
delivery-enhancement agent comprises hyaluronidase. 

18. The method of claim 17, Wherein the at least one 
delivery-enhancement agent further comprises one of the 
group consisting of hyaluronidase, migration-inducing activ 
ity and neuregulin. 

19. The method of claim 17, further comprising pretreating 
the upper third of the nasal cavity With at least one antibiotic 
in an effective amount before applying the pharmaceutical 
composition. 

20. The method of claim 17, further comprising providing 
at least one antibiotic in an effective amount Within the phar 
maceutical composition. 

21. The method of claim 20, further comprising pretreating 
the upper third of the nasal cavity With at least one antibiotic 
in an effective amount before applying the pharmaceutical 
composition. 

22. The method of claim 20, further comprising providing 
at least one regulatory agent in an effective amount Within the 
pharmaceutical composition. 
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23. The method of claim 20, further comprising providing 
at least one immuno suppres sive agent in an effective amount 
Within the pharmaceutical composition. 

24. An intranasally delivered pharmaceutical composition 
for treating a damaged or degenerating or injured central 
nervous system of a mammal, comprising: 

at least one therapeutic cell; and 
at least one delivery-enhancement agent to assist the at 

least one therapeutic cell to cross the blood-brain barrier, 
Wherein the pharmaceutical composition is adminis 
tered to the upper third of the nasal cavity of the mam 
mal. 

25. The pharmaceutical composition of claim 24, Wherein 
the at least one delivery-enhancement agent comprises hyalu 
ronidase. 
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26. The pharmaceutical composition of claim 25, Wherein 
the at least one delivery-enhancement agent further com 
prises neuregulin and migration-inducing activity. 

27. The pharmaceutical composition of claim 25, further 
comprising, at least one antibiotic. 

28. The pharmaceutical composition of claim 27, further 
comprising at least one immunosuppressive agent. 

29. The pharmaceutical composition of claim 24, further 
comprising at least one regulatory agent. 

30. The pharmaceutical composition of claim 28, further 
comprising at least one regulatory agent. 

* * * * * 


