5 METHODS, PHARMACEUTICAL COMPOSITIONS AND ARTICLES OF MANUFACTURE FOR
ADMINISTERING THERAPEUTIC CELLS TO THE ANIMAL CENTRAL NERVOUS SYSTEM
10Cross-Reference to Related Applications This application claims the benefit of provisional
application number 60/971,284 filed September 11, 2007 entitled "Intranasal Delivery of Therapeutic
Cells to the Central Nervous System", the entire contents of which are hereby incorporated by
reference. 15Background of the Invention Field of the Invention 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 20
to prevent and/or treat the mammal's damaged and/or degenerating and/or injured central nervous
system. D%scriptiongfpl% l%ﬁi%}\CEgﬁﬁy ﬁ%ﬁ@%@@fﬁ Hr_ gi-_xmage to or the
l0ss, i.e., deatwﬁgﬁﬁé"i‘ P?%P ﬂﬁﬁ%\%ﬁhﬁ%& SELTS 2*59‘%45&% @ﬂiﬂﬂ\ﬁ'sease or
25injury. The cells damaged or destrogegi¥RiRe WSt Intrinsically replaced, thus the
central nervous system is damaged and/or degenerating with resulting loss of function. Recent
evidence|jgemonstrates that neuDRAgdRRremanteRdiprd A gplieatitiigtion of neuronal circuitry is
possible via cell transplantation therapies. Much of the initial work in the field used fetal-cell therapies.
More recently, 30 holisveppiicatisrbeeiomdhevigoalitiohprbdsienalepinigaiion evebbéne adult mammalian
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Ceills to the Central Nervous System”, the entire contents of which are hereby

incorporated by reference.
15 Background of the Invention

Field of the Invention

The present invention is directed to methods and pharmaceuticai
compositions for administering therapeutic celis to the upper third of the nasal cavity
of a mammal, thereby enabling the therapeutic cells to bypass the bicod-brain barrier

20 o prevent and/or treat the mammal's damaged and/or degenerating andfor injured
central nervous system.
Description of the Related Art

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
25 injury. The cells damaged or destroyed in these conditions are not intrinsically
repiaced, 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 transplantation
therapies. Much of the initial work in the field used fetal-cell therapies. More recently,
30 however, it has became 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 neurclogical conditions.

The neurological conditions, diseases and/or injuries resulting in damaged
35  and/or degenerating CNS, i.e., cell death, comprise Alzheimer's disease, mild



cells that display plastic properties that are advantageous for the design of more effective neural
regenerative strategies for many of these neurological conditions. The neurological conditions,
diseases and/or injuries resulting in damaged 35and/or degenerating CNS, i.e., cell death, comprise
Alzheimer's disease, mild cognitive impairment, age-associated memory impairment, Parkinson's
disease, cerebrovascular disease including stroke, Creutzfeldt-Jakob disease, familial amyotrophic
lateral sclerosis, lewy-body dementia, atherosclerosis, schizophrenia, autism, tardive dyskinesia,

multiple sclergsis,.sei . disorders, Wi 's di : i ! Isy,
Hallervorden<8 %'}’ %Wﬁﬁn%%h%%é%t%%&gﬁ)%@?&d%%rél)l %%%E’ggzg%éeﬁg%ﬁ%%%sal ganglia
degeneratior S8Ry 3ssyiRdRsase dnseding HEdmdetdaiRisiakabmisaaspifarabatbral hemorrhage,
subarachnoigiesrephiagecnead énjsry, isni spiyalanedtia) uitheMetravers, eerabpmesical procedures,
for example i Ay %Xl%%%?a%afﬁéE%As%%Po%%r%%%ar%%&%s%g%h%gn%‘%i?sgegéo'Ogica'
compllcatlonst at redaft ih Efamage and/or degeneration of the Cential Nenous sys?em and
concomitant BEIDERSAtYE fiRFRNEBlsarGTASABRIIBREORSNARE srrbaMed BHIRGHEThaIRB0D,000 patients

worldwide eaefiyagicManveabihePAR GaRerdyresbesiransh arvassosiateshwith neurological

complications. These gomplisations fande fiom.slioke lnuip o Lo obhe patienta g 15general
cognitive dedifie tith 5095 0F pg{lnen S ﬁ‘avmg |mpa|rmenp pos -surger;?a‘nciJ with progressive decline
occurring in semergagsntiaddntne apstsie\easininnadMasrovshyetciimmedietiavioral impairment

manifest in sgreGABGiHatienpIdNMRaTY MHEebMbad. dratd (Sablefs 344rp %02 (2001); Brillman J.,
Neurol. din. 11:475-495 99:;?;(ﬁnd Seines, 0. A. Aﬁ:. Thoirac. Surg. 67:1?69-1676 (1999) are
20instrudtive REGRIFSEHT CEHE e SRRRISRISH T T HIDARETBR AR ying cells and lost neural

circuits in thedegenagpdidrapiiivr ckigesh eeatioes NS ael reptactiarimahdeaick Fercatstance,
treatment of giiga MithR IR A, e foahse e el slastearsodenaminar disrilgdrdog brain stem,

followed by grafting with a neyral étem 25cell po uIati#{]%resulted in a reconstituted dopaminergic cell
il

population cdffo¥ER6r HEh B PAT RYSS RAIL" [PRTRELIRANER PR W FFhoxia-ischemic
brain injury ncodelishtiwedTineasplamtditiotioos nangaliswemtiaitsienbdadédothbtheqatierysofothe damaged

system {Park,eh &l (139 vb MeFeUABEASH AGH %EM@&%A@&&&@MQ&HNL Abst.

23:346). In patients with stroke, the transplantation of 30cells from a human neuronal cell line showed
improvemenWPrPéB%%@‘i‘é%PﬁﬁHEﬁcﬂ??umng in some patients over the next five years. In
addition, physical and behavioral impairment manifest in some CABG patients.

Newman M F et al., N. Eng. J. Med. 344:385-402 (2001); Briliman J., Neurol. Clin.
11:475-495 (1993); and 3elnes, O. A., Ann. Thorac. Surg. 67:1669-1676 (1999) are

20 insfructive.

Neural stem celis have been demonstrated to replace iost and dying cells and
fost 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 grafiing with a neural stem

25  cell population, resulted in a reconstituted dopaminergic celi 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. (1968) J. Neurotrauma 16:675-687 and Park et al.
(1997) Soc. Neurosci. Abst. 23:346). In patients with stroke, the transplantation of

30  cells from a human neuronal cell line showed improvement of neurclogical function.
(Kondziolka D., et al., (2000) “Transpiantation of cultured human neuronal 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



(Kondziolka D., et al., (2000) "Transplantation of cultured human neuronal 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 deficits and
recent memory disruption associated with AD. (Wang, Q., et al., (2006) "Neural stem cells
transplantation in cortex in a mouse model of Alzheimer's disease. J Med Invest., 53:61-9). Further, in
Parkinson's disease, the neurons that degenerate in the 5 mammalian central nervous system

comprise th?@gﬁégﬂm@i@@}d&ﬂ@ﬁz(jéi%&@@@h@ﬁﬂ&@cmgﬁ&t%ﬁ?@c@ﬁﬂ mnaiaﬁ,efir@npﬁfategies for
patlents with advance r S dl 0 ntrastriatal grafts of niar opaminergic
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neurons fronf B (00 Wee ryo |mprovements v op gradually over the first
6-24 months@flt@?(ﬁr‘aﬁﬁmaﬁmﬁe(‘@faﬁéhﬁ@tﬁs cisEETidYiad Neerbse? 4099:102-109 and Lindvall
et al. (1999) Mov. Disord. 14:201-205). It has been shown that stem cell transplants of different origin,

e.g., hematopoietic, L@WIBW&F Erisan %désﬁ?&ealt%ﬂrﬂ%%roﬁ‘éﬁaﬂ’igﬁﬁa%&?féfﬁé ith severe Parkinson's
disease. {Fresgn @Rt @n(Blassplantstiierotembisotiie dopemneconengorns $arfdewere Parkinson's

disease. N Egold Med 2001 3a100r idadonimiariensiRvaifmalzpduiinprgoressive multiple

sclerosis patients. (Ni XS, et al., (2006) "Autologgous hematopoietic stem cell transplantation for

progressive M HBE?'%EIEI%%%Q 8¢ dHest tﬁ‘hﬂ@%?éﬂ/”é@‘iﬂ@%”ﬁmefEQIB\ﬁeﬁ‘boﬁ?ffrﬁatlents" Clin
Transplant. 2048589 <(fuoiih &L suggesting shativtal treptoventesho dkel elombmduaiymurothedulation with

neutoprotectiye: BagWRIAR P A SRlNAReH (DRIARY ot @@J@@yﬁgﬁ%'m&e jcal benefit).

Further, the first stu éOf uman fetus-to-adult striatal transi) antation has been performed in three

nondeméntedhHentS @i HsYSIEER) AGVERMAVHERERY tOA eidedd: WIE\@?\E%‘EW@EB‘H%nce imaging
evaluation attAayemndosLinzestesehg aft dtievivabageh grow tiemitiat elis péacenywent, obsultiounding tissue.

A\ patents ZMPIMETLATLEATIETERSIR OLARGRliYE BRHOBLEARIRNCIALLIS0R & Bxp. Newol

149:97-108). See also, Date et a Exp. Neurol. 147 . of the known models
and method@fo@ﬂ%?&ﬁéﬁﬁﬁ?@éf Bﬁ@é@%?&’ﬁ@@?@dﬁi‘é"gﬁ@Eé‘?\’ﬁféreéﬁ‘ﬂi’?ﬁm 29$p898plantation, of
neural stem ¢eHadiSingethnyeSivesgaaftiog techniques and/or systemic delivery methods that do not
target the damaged 30 areas of the central nervous system. It would be highly advantageous to
provide '& method, pifeiieraceatitsavesnipaiandnviingreeaartye sriiaifFaSersaakRgatWould

X8, et al,, (2008) “Autologous hematopoietic stem cell transplantation for progressive
multiple sclerosis: report of efficacy and safety at three yr of follow up in 21 patients”
Clin Transpiant. 20:485-9) (further suggesting that MS treatment shouid combine
immunomodulation with neuroprotective medulaties such as cell-based therapy to

20  achieve maximal clinical benefit).

Further, the first study of human fetus-to-adult striatal tfransplantation has
been performed in three nondemented patients with moderately advanced
Huntington disease, Magnetic resonance imaging evaluation at 1 year documented
graft survival and growth without displacement of surrounding tissue. All patients

25  improved on some measure of cognitive function. {Kopyov et al. (1998) J. Exp.
Neurol. 149:97-108). See also, Date et al. (1997) J. Exp. Neurol. 147:10-17.

Each of the known models and methods for therapeutic celi-based therapies
require surgical intervention, i.e., transplantation, of neural stem cells using invasive
grafting techniques and/or systemic delivery methods that do not target the damaged

30 areas of the central nervous system. It would be highly advantageous to provide a

method, pharmaceutical composition and/or article of manufacture or kit that would



provide therapeutic cells, including but not limited to neural stem cells, in a noninvasive and highly
targeted manner. For example, it would be advantageous to deliver such therapeutic cells to the
degenerating central nervous system in such a way as to avoid systemic exposure. 5No known
method or pharmaceutical composition currently provides such advantages. 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 administering the therapeutic cells and other

compounds dirﬁ?rg%ﬁé"tr'igF‘aﬁ&&ﬂ%&@ﬁ%éﬁ&ﬁiﬂ‘n&?%%ﬁ'?oex%B&ﬁigf@ﬂ@eﬂé,tDPam8§-e”t invention

comprise nasa /or mucosal antibiotics to assist in protecting the subject patient from nasal bacteria

migrating aloné;i‘ﬂﬁ‘éiné_ﬁ'Fal %Qf%ﬁ@%ﬂ%\’i@@&'}ﬁ-the_applieq therapeutic cells and/or pharmaceutical
compound. Such anthiolics ate wellknown 2+ analied opically:Pul J0e At Afmn/siered as a
pretreatment, co-treatment and/or post-treatment, €ither 15systemically and/or intranasally, in
conjunction wittPHRRGFRISE SR ARSYPEE BGPTSR FBIDRMIN SYSGIEaIREATYSRINd.  For

example, iR ONReSkAeWnREEIRE T pMeamsitsiledhn fasen adrisfegtipbuiatessiichalf or better
Staphylococcus aureus is awidely distributed germ rmally resides in the nostrils of an
a 6:’%98&1%@ a;?lr%enﬂn A nggovnqtgs?#js%ge ﬁ%v\%n aggs%gyagrpnﬁr_urgu

estimated 25 t0 ent o ospitalize patients without catsing’ har this bacteria can
contaminate sifgieapstieseliainsing werasrinishaf dteRagakeRyiinférereny yspesRg i m Beesble with

weakened iIMNyRE BYSIBNHd admiArtBeREHE YR paLiaddme sl avlitel cdmpYen dbaiesutey remedy
sold in health f%od st?rqs can reduce nasal bacteria and their ability to hold onto and infect 25cells in

the nasal mucé %Fgﬂfﬁoﬁ?gf% td1EShkve found that defensins , a natural antibiotic found in mucosa in

the humayy, can protegtagainsbbaienal sriactiposand fRanRe pHIRT REaTRFNS: fHOGSN-
Mammalian defensins are small, cationic, antlml%obl%gféﬁ%es encod&t}:}aE the host that are

considered to BEYRPERARAEHDR AR RHNG SHPSF RUARS? 7 TR BRine receptors
on 30dendritic aletlg trechEucallsatiefankisamidght this e rwiatiitherte ute aeitpdation of host adaptive
immunity againgtmicrabialinvasiondefsnsinshayssensiderablsdmmunoiegicabrdiyvant activity and
linkage of beta-defensins or selected .
none are administered as a pretreatment, co-treatment and/or post-treatment, either
15 systemically andfor intranasally, in conjunction with intranasal application of

therapeutic cells and/or pharmaceutical compound.

For example, in one study, mupirocin smeared inside the nose cut infection
rates in half or betier Staphylococcus aureus is a widely distributed germ that
normaily resides in the nostrils of an estimated 25 to 30 percent of all hospitalized

20  patients without causing harm. But this bacteria can contaminate surgical sites,
causing severe and often deadly infections, especially in people with weakened

immune systems.

Another siudy 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

25  calls 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. Mammatan defensins are small, cationic,
antimicrebial peptides encoded by the host that are considered to be important
antibiotic-like effectors of innate immunity. By using chemokine receptors on

30 dendritic cells and T cells, defensins might also coniribute to the regulation of host
adaptive immunity against microbial invasion. Defensins have considerabie

immunological adiuvant activity and linkage of beta-defensins or selected



chemokines to an idiotypic lymphoma antigen has yielded potent antitumor vaccines. The functional
overlap between defensins and chemokines is reinforced by reports that some chemokines have
antimicrobial activities. Although showing similarity in activity and overall tertiary structure, the
evolutionary relationship between defensins 5and 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). Moreover, it is well known that regulatory agents comprising trophic and growth
factors such as erythropoigetin (EPQO), brain-deri rofrophic factor 10(BLDNFE), nerve growth factor
(NGF), fibroblacsqéggégwfﬁgfét%? @ﬁ%’gm%%]e%%% g%ﬁo{%[ %agc‘?grg (E%?—%Pé%@uén c%rruvceig?ipcﬁ% in in-vitro
and in-vivo suriiiafuasticdffenaimaiaiviiefdeienaiss BrrREBMeaEsS ROREOTRBONTEMEtransferring in

neural progenitpsisstiviy ghahd irelfpsatiamtheipiasstRess28A8cbeh HoRassatnsag &t al.,
Neuro-glial differ nyation of thlma bone marroy ste (iells in 1§vitro. Exp Neural. 2f00
H i % 5

N S Jun;
193(2):312-25F The SRR ST B STrdichny Hasep %h‘i%%%éﬁs“v?&é@%gﬁ?{"?ﬁ?h%e SL3f
simultanedus &5glieaopkieE FNEariads detarmmesyefidri¥ @1gtiaiopoikampreiad e igsaitprotection of

grafted dopamjRg-hRukeNSEre #AfslMmesebRfikarkmseR hisaasesBrainRes #0gdan 12;
1068(1):221-9)#;}19;\% r, it is not known to introduce such regulatory factors or 20 agents in
conjunction wit ranasal application of therapeutic cells and/or pharmaceutical compositions

thereof, to the upper {hirdQbthe03za RV tHBUS QYRR IRgSNEe DapdidrinhMieng  In addition, it

is well known that regfulatory agents comprising variqus ?r,owth factors including insulin-like growth

factor-1 (IGF-1) UL RFIRRITHE &5 SN PPURE A5 B S8 PP BRLYE S ot iR FRRRIF [BEEEF), regulate the

survival and diffipéiitjatienof methdaais (Blishgfttreasted oprife Feadd tifeGio rqplderaildandat entral nervous
systems. Regulaion %@%}t&%@%fﬁ ARHEPRIUA ALGASPRMNG daRRENRgrowth during

development (Tucker et al. (2 ature Neurosci. 4:29-37). In the mature nervous system, these
trophic factors HHESTRAHALAR IR SR EEARSRBUFb BheRIES Hdrfrain et ERRE T REe cells and
strengthen funotiorz ycaetinier symepticaodnmeifeostrrSudlevespdiaRery, fC®Rebrt use in enhancing the

methods of Ce%E@Q&T%%WS%!W%@P&@&I i%F&W&QHié%‘?%f%@SHQQP% P stefilafiSiance, bFGF

enhances survival a rowth of neurons In vitro. Further, bFGF produces a potent growth promoting

effect on implafited [?Péfb%ﬁ%% 2H03 WiietPiid)imsttte dERRERG SARXI YR Ré feEdIFBMgineered to express
the bFGF (Takeyspaetakd109a) NatwMedhd &38bf kinadtiitieaysnaplaistalierodE palymer-based
bioactive (Kanaan et al., Exogenous erythropoietin provides neuroprotection 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 infroduce such regulatory factors or
20 agents in conjunction with the intranasal application of therapeutic cells andfor
pharmaceutical compositions thereof, to the upper third of the nasal cavity, thus

bypassing the blood-brain barrier.

In addition, it is well known that regulatory agents comprising various growth

factors including insuiin-like growth factor-l (IGF-i), nerve growth factor (NGF), and

25  basic fibroblast growth factor (bF GF), reguiate the survival and differentiation of
nerve cells during the development of the peripheral and cenfral nervous systems.
Regulatory agents such as neurotrophing are also required for nerve growth during
development (Tucker et al. (2001) Nature Neurosci. 4:29-37). In the mature nervous
system, these frophic factors maintain the morphologic and neurochemical

30  characteristics of nerve cells and strengthen functionally active synaptic connections.
Such regulatory factors find use in enhancing the methods of cell-replacement

therapies according to the present invention.



5rods that secrete epidermal growth factor and bFGF into transplanted fetal ventral mesencyphalic
tissue result in both improved functional characteristics and enhanced cell survival (Tornquvist et al.
(2000) Exp. Neurol. 164:130-138). Nerve growth factor (NGF) has also been shown to influence
grafted tissue in the CNS. For example, ChAT activity, an assay indicative of cholinergic cell activity,
10was elevated significantly in cholinergic neurons that were transplanted into brain tissue that
contained an NGF-releasing pellet adjacent to the grafted cells (Mahoney et al. (1999) Med. Sci.

96:4536 4539). 1GFe, s gl hoss-spndouIOLe ATRiNRUPN L BRst Dol ggmalian CNS

neuronal stem cells and to Infllience apoptosis of human erythroid progenitor cells. See, for example,
Arsenijevic etthICTRIHEFS 2 NI EPWIS: PIRRI2 8N ARt ed 18 9ers Blodt 9679244-2252;
Reboarcet et @k (hpRM)sh BioloReprodehdiddilOetdinbeMite ekpledd ¥NPBGEliMakayesia 94:34-43;
and, Muta et al. (1 +Gell. Se196:264-27 it ' ! n that certain growth
associated pr%kg(llhg% hl\%%se@éy 1?34 gﬁ @Ré@? Qg%%t%%%g%?é%% gr%gr%%%%?%ﬁ%d axons and
may support FegeHEatRMale #Rd208p! P BT dRaIY BNSTSESMe tarapliEdsiaealal. (2001) Nature
Neurosci. 4:3fedananshilieal sieakd20p1) Nainfedvetifosciichal-ShaAgtinistiatian of regulatory agents
as a means of improving the clini ome having under. neural regenerative,
LA [9965 c%ﬁ dsurvuva@cﬁﬁé%ﬂ@ ePgFﬁ@eea?nér% R l'd? %ﬁ%n@g?w

i.e., therapeutic Celfbased Shate owever et wi erally, these agents
25cannot be adminigigrad;eyiete fRiGa NG HThE Mgk SBARY S8 SRR A ADREISLA NOt Cross

the blood-brain barrier efficiently. Int rebroventricular administration, while possibly. an effective
method for déﬁ@e&&g‘ gﬂuﬁéf‘&?éﬁg@@@,ﬁ%éﬂv%(h\?gs%\%a?’e'(r:hhﬁa‘ﬁ\’eetﬂa? 8’55‘?8{%%}% raec(}i Hya clinical
setting. Miplawestieavstebijeniéicactiniaichntnriggl amrpag thatcwsraldenaviasied miel bsafarther limited by
the relatively gosmalliading sy aHndirg-Eespaly gktpgatinuvnie hihe reauaionmaasnt is capable

g ol MR s T S e S S o
implantation clifftnengstiion bé pretbietoiaticammalian CNS neuronal stem celis and to influence
apoptosis of human erythroid progenitor cells. See, for exampie, Arsenijevic et al.
15 (1998) J. Neurosci. 18:2118-2128; Tanigachi et al. (1997) Blood ©0:2244-2252;
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. Additionally, it
has been shown that certain growth associated proteins, such as, GAP-43 and CAP-

23 act to promote regeneration of injured axons and may support regeneration in the
20 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.

Administration of regulatory agents as a means of improving the clinical
outcome of 8 mammal having undergone a neural regenerative, i.e., therapeutic cell-
based strategy has, however, been meet with difficulty. Generally, these agents

25 cannot be administered systemically. Furthermore, many of these regulatory agents
do not cross the blood-brain barrier efficiently. 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 regulatory agents is also invasive and is further limited by the relatively

30  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



The present invention provides solutions for, inter a//a, these problems. Summary of the Invention
5Given the situation described above there is a need for a method for efficient and non-invasive
delivery of therapeutic cells and/or pharmaceutical compositions to the damaged and/or degenerating
central nervous system. The present invention is directed to, inter alia, the prevention and/or treatment
of the damaged and/or degenerating central nervous system due to a disease or 10other condition that
causes the loss or death of CNS cells. Specifically, the present invention provides a method,
pharmaceutical.sampasifion.and Ariclesn RARWAsHAS fRbIARsRe g detgRgutically effective
amount of at least one therapeutic cell to the CNS by intranasal application to the upper third of the
nasal cavity, ttﬁ’é?@t%ﬁﬁ%assing the blood-brain barrier and avoiding unwanted systemic exposure as

well 15as invasive el ey mepgdsyon YAVIQUS SIRGATS 50! e Biesenl pueption comprise

intranasal prevention, prétreatment, post-treatment and/or as a componen pharmaceutical

composition comprising therapeutic cellsghaihay apend galgitactive amount of a
delivery-enhancement agent(s) to enhance delivery of the therapeutic cell(s) to the 20CNS. Still other

embodiments comprisiesat ﬂleast’gmf@mldﬁb_dnjtbedappdiw thetramasalbe dric/ emsytbteniwafiicena
pretreatment, Qrfboﬁgﬁﬁﬁ%%'ﬂ}e(%@ﬂ%@%ﬁ%ﬁ&ﬁ%ﬁﬁ&@%‘%&ﬁﬁ%%&%&i&%&%@%8:‘?5*%8 therapeutic

composition comprising therapeutic Cells) and/or a post-treatment device to protect the patient during

therapeutic ce?h&%?ﬁﬁq@tﬁpgfﬂ%?%ﬁafm%ﬁ?é‘%'rﬁﬁﬂ%‘%@)‘ﬁfﬁ@tering a 25therapeutically effective
amount of at least oRg,{ %@W%\?&?i%tgrg?oﬁétﬁgﬁit}?f[& e b e e e

pretreatment, post-treatment and/or as part o armacelitical composition comprising the
therapeutic ceR5!StHeAIABEE AR ARIPREEIMBSBIER! RAXPBhEVRRALAELIHPEI_RPE ahent applied

intranasally ansies sysiatioicatiy 353 4 elEcobRen e B e RENGNs (Sifkefasmimsieresknt
30simultaneously or as a co the t ] %?B iti ising. ther ic cells)
and/or a post-f?éyaeﬁr%(é%rl Fé)él\;/(%é) %ﬁ%ﬁ%c&ﬁﬁ@%&%@ t er%%léﬁ%é: é)e Iséllﬁ \Q/ﬁ/néaﬁa?#}%ﬁff erapeutic
cell therapy. Ti¢s hreseeftinganfieiepridisally 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

15 asinvasive delivery methods.

Various embodiments cf the present invention comprise infranasal prevention,
pretreatment, post-treatment and/or as a component of the pharmaceuticai
composition comprising therapeutic cells of a therapeutically effective amount of a
delivery-enhancement agent(s) toc enhance delivery of the therapeutic cell(s) to the

20 CNS. Still other embodiments comprise at ieast one antibiotic applied intranasally
and/or systemically as a pretreatment, a co-treatment (either administered
simuitaneously 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

25 therapeutically effective amount of at least one regulatory agent to the upper third of
the mammalian nasal cavity as a pretreatment, post-treatment andfor as part of the
pharmaceutical composition comprising the therapeutic celis. Still other
embodiments comprise at least one immunosuppressive agent applied intranasally
and/or systemically as a pretreatment, a co-treatment (either administered

30 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 finds



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. Various embodiments of the invention relate to methods and pharmaceutical
5compositions 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
improving memory loss, due to cerebral ischemia and/or neurodegeneration for patients at risk for, or

diagnosed with, caHaL BGHICHLONHLPRS SHIRD @ﬁa’%‘%%ﬂg?ﬁ'mg%r&% Go@jtye impairment,

age-associated 10memory impairment, Parkinson's disease, cerebrovascular disease including stroke,
Creutzfeldt-JakBFaRAHE SERGHL CAMPGIRDIIE ﬁ%‘%l@?&%@%ﬁ%@?ﬂ@ﬁ{&%tia, atherosclerosis,
schizophrenia,teertipeytiandiletdyspiotsiadiral i pieosoe s pttizunardmsarders, Wilson's disease,
progressive supranuclear palsy, Hallervorden-Spatz syndrome, multisystem atrophy, Huntington's
disease, familial 15b¥SHPYESHIRCHENETR Pidh IMRWAS &lAiaorE liefarardL iR itGthatosis,
thalassemin, ceselpadihenosiagesraiigaiad raatthhenosibgios) heaskinjny depiaa reaos,injry and

O ook A e R PR bRl oL IOvGLER DSIIoRR s uecd
herein, "central nervous system g? refers to the brain a desplnal cord and associated tissues.

As used hereirf® FRANSIGBRBPLITEIARS ARereNssaSes eftis & Nee ieférs irbiahemseasésand
conditions thatrgorapegensehmiar peucserabrakirghentiagiaahrmian Stepkes RrUesegeneration,
neurological complicalions ariaing ram sich2aes Alshelmets diseass, Rarkinsans disease, Wilson's
disease, Lewycbo y dementia, il |p'le scﬁerosls, sCizure disorder : c_ere%eﬁ_lgr a?tama, progressive
supranucléar pREYCAMYBATPARN [BESK SR e rdisRAu ASrAPEasaVIaTEHIeRs §1GRG P iapkSrders,
metabolic disotsterg-tbrt-IHRED theeedd SantittsHotizpph enacellslosmnagsinebg damage from
cerebrovascular disorders such as stroke in the brain 300r s(gpaal c&ggktfrom CNS . infections including

meningitis and ’ﬂf,nﬁ%rﬁ uenrqoosrcste(g*)?hsesc izopnrenia, autism, ve nesia, muitiple
sclerosis, seizure disorders, Wilson's disease, progressive supranuclear palsy,
Hallervorden-Spatz syndrome, multisystem atrophy, Huntington's disease, familial
15 basal ganglia degeneration, Down's syndrome, cataracts, haemochromatosis,
thalassemia, cerebrai hemorrhage, subarachnoid hemorrhage, head injury, spinal

cord injury and metabolic disorders affecting the CNS.

Detailed Description of the Inveniion

Definitions

20 As used herein, “central nervous system” (CNS) refers o the brain and spinal

cord and associated fissues.

As used herein, “neurciogical disorders and diseases of the CNS” refers to
brain diseases and conditions that comprise ischemia, i.e., cerebral ischemia,
ischemia, stroke, neurodegeneration, naurological complications arising from such

25 as Alzheimer's disease, Parkinson’s disease, Wilson's disease, Lewy body
dementia, multiple scierosis, seizure disorders, 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 cerebrovascular disorders such as stroke in the brain

30 orspinal 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 spinai cord injury and any other



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 neurological cell loss, damage and/or degeneration. An "effective
amount” of cells and/or agent is an amount sufficient to prevent, treat, reduce and/or ameliorate the
symptoms and/or underlying causes of any of the 5above disorders or diseases. In some instances, an
"effective amount” is sufficient to eliminate the symptoms of those diseases and, perhaps, overcome

the disease itgelf; Brefgrall, an.eiieainm amaMyRUtRe-sRigH sl BiddieAospisange of 50 - 108 cells

for chronic or single application and/or an effective amount of agent in the dose range of 0.001 -2.0
mg/kg yields 838808 FFHEEARIRMHAIPT0- 105 cells per ml 10tissue and of agent in the range of about

10-13 molar to aboyt 10; , ' . e
molarto about LR BOPLRH P ANCRIBIARS RRGHIEHELAIRUIED aldgriciy s

. |
avoided. In the context of the present invention, thé terms "treat” and "t

alleviate, sloviréfé FREHPE SR BrOpRYRIRIE R PRIANS B S P BYRGI AgHIRR a5 YOt Siftlition that
has or is causingveatisieashsiortbie ahS. Rraveaihskbares sed besetiverefesero pultimgeff, delaying,
slowing, inhibjting, or otherwise stoppi in ljorating t iseases or
disorders. It is%oper% é!r}raggrﬁ%ts Wﬁ%@%ﬁﬁéﬁ%ﬁﬁﬁ%ﬁ%@ﬁ%aﬁg‘?g%i%ée%‘?sg%?e%%p|ied in

non-toxic level§alh Grataraslpravigostiverrspeve RAEE SLARNIBPATIN Cane G585 5Phe Brethod of the
present inventem RAYHIENISEEsWER: 2Ry REIVALFUEhaSeFimaamaahobrabise (Aaosaore

preferably a mammal iyt are prctetied bird Exemplanmamals ipclue but are not limited to
rats, mice, cafs, 8095, horses, Cows, sheep, pigs, and more preferably humans. " Therapeutic cells(s)

is definetfhertisaue auhaeseiindhstangecirbeuype Giroelarts dxewhpls mudanitvbitigimitation a

neural stem celfsibat-isiranaRg He¢dagointianastaeplisaientaifsiupper third of the subject's nasal
cavity and into the damaged and/or degenerating CNS of the subject undergoing cell-replacement

therapy. The therapiautie cetl{gytrmtipderdesivecyitmratiedeuree isenl may ecaamddodsstages of
developmentadiffereiiafions QoY #2 tiedhrwaneWissiégkattenuation or cure of
existing disease or condition that has or is causing cell death in the CNS. “Prevent”,
15 = as used herein, refers {o putting off, delaying, slowing, inhibiting, or otherwise
stopping, reducing or ameliorating the onset of such diseases or disorders. Itis
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 aclivity against the disease.
The method of the present invention may be used with any animal, such as a
20 mammai or a bird (avian), more preferably a mammal. Poultry are a preferred bird.
Exemplary mammals include, but are not limited to rats, mice, cats, dogs, horses,

cows, sheep, pigs, and more preferably humans.

“Therapeufic cells(s)” is defined herein to comprise at least one cell or type of

cell, for example and without limitation a neural stem cell, that is transported via

25 intranasal application to the upper third of the subject’'s nasal cavity and into the
damaged and/or degenerating CNS of the subject undergeing cell-replacement
therapy. The therapeutic cell(s) may be derived from any source and may be at
various stages of developmental differentiation as long as the therapeutic cell(s) are
sufficient to prevent or reduce the morphological and/or behavioral neurological

30 symptoms of the neurological disorder, disease and/or condition being treated with
cell-replacement therapy according o the present invention. Moreover, it is
recognized that the therapeutic cell(s) may be either heteroclogous or autologous to
the host. By heterologous it is intended that the therapeutic cell is derived from a



sufficient to prevent or reduce the morphological and/or behavioral neurological 30symptoms 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 heterologous 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, manipulated ex vivo and transported back into the patient subject's CNS by

methods of the, present invantien. J hararenlisMMARCHEs BRY AR AlaYAisieger; Lo the upper third of

the nasal cavra;#sm g the 5present invention to target both the central nervous system and lymphatics.
Lymphocytes A#R¢E8H R B&PS?'?R&%’@&% H’@féﬂ%‘éﬁegﬁé R AEh SRS BHITR IR Eells), T cells
and B cells. Spehe@eﬁarqem e nsafulnrthelireptimentodiinaivetticnor Tamdmibgs CNS and lymphatic

disorders. Purgrgiscussin aliheinnRis cals RAHRIAAIINE SRR aspesfs incuded i

the definition o¥ cells". As use erein atory agent” re ers to any molecule having
a growth, @rohﬂ’é‘?&%’i‘/@”%@?@ﬁﬂéﬁ@@ﬁiﬂfﬁﬁlE@H’ébf‘%’ﬂ%ﬁﬁﬁ@ﬁrﬂrﬁ@@l IYBROREE of the present

invention. Anwwwﬂa&gfysagamdh@tsigmpmmﬂdﬁgu@rﬁngem@r@emw@mr@f kheteansplanted donor
cell can be adg&'ﬁl éé‘ﬁ 5%@8/%5% oL tE pIRsent Esé qh§?r%a%r§§(8{%pé? Mackay-Sim et

al. (2000) Prog. Neur ereln mcorporate y re erence Iscussion of
regulatory agéhfﬂ@}ﬁ@@%@é’t@ﬁ@ﬁ ﬁﬂé,'%ﬁi@ﬂﬁ%ﬁ&@l‘ﬁ@ﬁ%@t fsihgudeaussipr efdfpiappds "regulatory

agent”.  In Resconiaidrelddieipresentinientinpetiestpnact enthaadiitherasy rnepbdherapeutic”
and the Ill%e refe[ tp alleviate, slow the progression, prophylaxis, 20 attenuation or cure of a damaged

or degeneratlng ENS involving loss or death of CNS cells. The definition further comprises putting off,

delaying, slowing, inhéhidBg nRrGENeRYSEIBHRREIL: FERHCBC:RY m&e&gr@ﬂag.rﬁg%@?mge or
degenerating CNS mvolvmgfgoss or death of CNS cells. The method fthe Pﬂhlnventlon may be

used with any HRFRE @gt}ﬂg‘fﬁrﬁ&t@m'%ﬁﬁﬁe@\ﬂg qrﬁﬂ? 3088 ?88 3e Smmal. Poultry are
a preferred binreEx@nngErjomanyraiguintiodegdnitizatin otpiabiredf e gatstimgite devs|ogogsithorses,

cows, sheep, pigse FaMHAFRRGIREARMIRUMBE Baminiéisdaas) R GiRIBEISFm Hiflerqntiate” and
"mature” refer to the Ero ression of a cell from a stgque of havin gthe &%t%ntlal to dlﬁ% %ntlate into at

least two'diffelR Y8 e GR AhRRTER ¢o VAT EH MY S LR AR T 1 RY8HE 2ah B used

herein incorporated by reference. Further discussion of regulatory ageni(s) is

undertaken infra, each such aspect is included in the definition of “regulatory agent”.

In the comntext of the present invention, the terms "treat” and "therapy” and
"therapeutic”" and the like refer to alleviate, slow the progression, prophylaxis,

20 attenuation or cure of a damaged or degenerating CNS invoiving loss or death of
CNS cells. The definition 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 animai, such as a mammal or a bird (avian), more preferably a

25  mammal Poultry are a preferred bird. Exemplary mammals include, but are not
limited to rats, mice, cats, dogs, horses, cows, sheep, pigs, and more preferably

humans.

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
30 cellular lineages to becoming a specialized cell. Such terms can be used
inferchangeably for the purposes of the present invention. The term "lineage" refers
to all of the stages of the developmental celi type, from the earliest precursor cell {o a
completely mature cell (i.e., a specialized cell). Accordingly, the transported

10



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 5 kinds of fibroblasts or simply

diff(.erentiat.eqh%%(rﬁ&!'&% &%r ﬁe%.ig&&%rﬂﬁl? r‘?@(&%jpém%%@gﬁ ﬁg%oér}ﬁﬂjf'{’ig&?%% Qd they may be
derived or justisolated from the tiSsue of a dead donor.  Further aspects of these terms are
discussed infiteas&c RISIRIARAS B @Rl HERARSH eHRRHRE deAnisie o MdifiarertialioAs used herein, the

term "multipoten Skpreelnr efesatienareriieaprdrapelisifitirntiating inkrarppeigraiiineages.
Muipotent therapeuti, ¢ B SEm,selis Arsrehamgierized By elr aljlity-o Undstao continuous
cellular prolifeération; t0 regenerate exact copies of themselves (seli-renewa T 0 generate a large

number of relgiviiapidirabipsiscyeHyP ity entpishastmaioc sy ipne Siendendot)iey or disease. 15A
"multipotent ppgrdlptios eheadheiisetris tard easRasition ivelscegnabip afsifferantating into less than

all lineages qff gﬁgsof)g%g%eggrtl ipto two cell lineages. Current studies have demonstrated that
multipotent s &rn callg fiom 3 n8n‘-neuro|ogic region are not lineage-restricted to their developmental

origin, but can genefaliearedion-sRe it DKADSW RR RRAIRAL IS 3pRTQRKRLE gNVironmental cues
20(Lamga et al, (2001) J. Neurosci. 20:8727-8735). A "neural stem cell" is defined herein as a

).J i,
multipotent cBfHIEFY N MM ARTAUSA P URE REMtted multipotent cell that exists in the nervous system
(Ourednik et al. (1999) GUMCAl, CONelisH Shiaffeti)s i spesilicconditiansdhg,neural stem cell is

capable of producing daughter cells that can terminally differentiate into neurons 25and glia (i.e.,
astrocytes (tfPETEAHBITE 4HB DIGOERRIABIEARES: M ekt rerRAie S8vaETingSiEA6us system and
in the adult ngrwaes:system thedetaiigdcbadacierizationoot thel piropedigsatibnetsral stem cells can be

found in, for examale.-Melanes L.l (139N GeAsLARPAL AL AchaLrgnal piggeior cell s an

undifferentiated cell that Is derived from a 30 neural stem cell a 1as committed to a particular
path of differetRiRAiR)IFeHYBS RIBE RN BRSIEIARRTEN BRNS S4R N URRINES IPd iRt EBisaRRShs wil
differentinte ntennriveakiasts (OB geNeYsifacs ¢elisyamdirioblasteddiasganerating cells). The use of

h multipotent net 1Ll f iQn.i N . le,
Sy ot R e TR B B S R0 A6 Bk e Pt e vt
cerebellum t&¥GRAtRUFEADARIGGTAP RENRted dans b tieatr) Stest 88!/poUs PNISOrBAUYONS9-1273;

Fishell et al. {4996 )aReve|npragatestricted to their developmental origin, but can generate
region-specific neurons when exposed to the appropriate environmental cues
20 (Lamga et al. (2001} J. Neurosci. 20:8727-8735).

A "neural stem cell" is defined herein as a multipotent cell that is an immature
and uncommitted multipotent cell that exists in the nervous system {(Qurednik et al,
(1999) Cinical Genetics 56:267-278). Under specific conditions, the neural stem cell
is capable of producing daughter cells that can terminally differentiate into neurons

25 and glia (i.e., astrocytes (type | and i} and oligodendrocytes). They exist in both the
developing nervous system and in the adult nervous system. A detailed
characterization of the properties of neural stem cells can be found in, for exampie,
Mcinnes et al. {1999) Clin. Genet. 56:267-278.

A "neuronal progenitor cell” is an undifferentiated cell that is derived from a
30 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 generaiing cells) or fibroblasts (glia generating cells). The use of

11



5121:803-812; and, Olsson et al. (1995) Eur. J. Neurosci. 10:71-85. "Ischemia” or ischemic
episode or condition is defined herein to comprise an ischemic condition where the brain or parts of
the brain do not receive enough blood flow to maintain normal neurological function, resulting in a loss
or death of CNS cells and concomitant damage and/or degeneration of the CNS. Various conditions
10and/or diseases can cause ischemia, including but not limited to stroke. Some of the neurological
disorders and diseases of the CNS defined and discussed herein are characterized by some level of

ischemia. The peiolagioal diserdtsand Sissases. gL GNS deined apddiseyssad erein are

amenable to treatmen e therapeutic cell replacement strategies o resent invention. 15An
"effective amBlirfasmrife Ripelaictaiid avrl/6rt 8/ ponehR(s) Briinotshbnsaeaatical keffposition of the
present inveriignr eeapgsifedthrsape vitceslleinmtatoountawsfisiend wigreseniSéeataeduce and/or

amelorate the. sypios, NEUINel dapnage,ad orURdGIIG GaLseR b an gl fagreferenced

disorders or ses. In 'som stances, an "eftective amount” i cient to eliminate the

20symptdms B 1S edisb St dhte ThE Wisk Al iesdk. Hof i8&trative purposes only,

exemplary treatment regimens relating generally to the therapgeutic agents disclosed herein, including
osage rangoe, vol L BRI R ISTLS SRepiD e Bt CR e e et
delivery-enhaacheermntandiits, woguddterhrabayarads phthehesopirestieseidr A egitdeahtibiotics

comprises 0.¢0Q4sl,hLMetkShMBAERRIGHS D HREEE4aNGRgMRY B8 LPE8InQ M. The most
preferred dosaie range ma% be 0.05-1.0 m% The "effective amount” of therapeutic cells i.e.

bffioacious dEISETARGRCA bR CaT 35 AUTLO 58 nSTE e e e A S R8N R e for

therapeufic celis/oorigeases tadcsliss is08gudsincluding but not limited to stroke. Some of the
neurological disorders and diseases of the CNS defined and discussed herein are

characterized by some level of ischemia. The neurological disorders and diseases
of the CNS defined and discussed herein are amenable {0 treatment with the
therapeutic cell replacement strategies of the present invention.

13 An "effective amount” of therapeutic cells and/or component{s) of the
pharmaceutical composition of the present invention comprising therapeutic cells is
an amount sufficient 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 sufficient to eliminate the

20 symptoms of those diseases and overcome the disease itself. For illustrative
purposes only, exemplary treatment regimens relating generally to the therapeutic
agents disclosed herein, including dosage ranges, volumes and frequency are
provided below:

Efficacious dosage range for delivery-enhancement agenis, regulatory

25  agents, immunosuppressive agents and/or antibiotics comprises 0.0001-1.0 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., efficacious dosage range,

comprises 50 cells - 10° cells

30 A more preferred dosage range for therapeutic cells comprises 10° cells - 10°

cells.

12



The most preferred dosage range for therapeutic cells comprise1l04cells - 108 cells The dosage
volume (applicable to nasal sprays or drops) range may be 0.015 m1-1.0 ml. 5The preferred dosage
volume (applicable to nasal sprays or drops) range may be 0.03 m1-0.6 ml. The brain
concentrations that are likely to be achieved with the dosage ranges provided above are, for a single
dose: 10- 108cells per ml tissue and 0.1 nM -5 pM. Over the course of a multi-dose treatment plan, the
maximum brain concentration 10may be as high as 108cells per ml tissue and 50 pM for

deliver-enhancement Agenis, ISGMARNLASARI DIaRAUINIESSI A0BALS Ad gRtipics. The

present invention therefore d pharmaceutical compositions to improve cell-based
therapies usé8'® regenerate neural tissue that has been damaged or is undergoing degeneration by
any CNS dlsgﬁg%or dls%qtlar 1 |.eﬁcl‘%§gfr dea}h of CNS cells.. CNS dlsorggr&mgtr%[q ithin the

scope of the presé)r?ta fRent 8153 %prﬁprlse, 8 exam f%}’?n@é ‘ﬁﬁﬁ?&?%%?n"g%ord injury, stroke, and

ischemia. CN@. disorders within the scope of the present invention also comprise neurodegenerative
diseases such as, but not limited to, brain disease an%conditi ns that comprise ischemia, i.e.,
cerebral ?schemia, ?%%rr%ﬁ%ff%grgf@?%Y\%Wd@@@ﬁ%?g oﬁ,%ﬁ%ﬁ&?&gﬁ‘bﬁc‘gﬁgﬁ%ﬁng from
such as Alzheinde¥Srdisedise, Parkinson's disease, Wilson's disease, Lewy body dementia, multiple
sclerosis, cerebellar ataxia, progressive supranuclear palsy, amyotrophic lateral sclerosis, affective

disorders, anxiety dig®RI8is CattRM AN eE AISIFRR L CRAINRFRYEN (RARPHRIR 8RB m
cerebrovasculadisoetens: srehfasastioie dvsheltrairt2sie ppinal tesde Eoa0ANGIiRfRatidns including

meningitis a’l%%a‘“'&%ﬁ}&%@ﬁn%ﬁ&%se treatment ptan, the maximum brain concentration
10 may be as high as 10°cells per ml tissue and 50 uM for deliver-enhancement
agents, regulatory agents, immunosuppressive agents and antibictics.

The present invention therefore provides methods and pharmaceutical
compositions o improve cell-based therapies used 16 regenerate neural tissue that
has been damaged or is undergoing degeneration by any CNS disease or disorder,

15 ie., 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 imited to, brain diseases and
conditions that comprise ischemia, i.e., cerebral ischemia, ischemia, stroke,

20  neurodegeneration, neurological complications arising from such as Alzheimer's
disease, Parkinsor's disease, Wilson’s disease, Lewy body dementia, muliiple
sclerosis, cerebellar ataxia, progressive supranuclear palsy, amyotrophic lateral
sclerosis, affective disorders, anxiety disorders, autism and/or schizophrenia; cell
damage; nerve damage from cerebrovascuiar disorders such as stroke in the brain

25  orspinal cord, from CNS infections including meningitis and HIV, from tumors of the
brain and spinal cord, prion diseases, and CNS disorders resuiting from ordinary
aging {e.g., anosmia), brain injury, spinal cord injury and/or metabelic disorders
affecting the CNS.

Accordingly, the embodiments of the present invention find utility in enhancing
30 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

13



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. Accordingly,
the embodiments of the present invention find utility in enhancing 30the 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 barrier, of at least one therapeutic cell into the CNS of the mammal

o reat a neuigjonienl e PLARMKUSLOThe CS Inialing sshentip Andler NS palioss or

death. Neural gene tlve strategies comprising the trans onor cells binto the CNS of a
host are knowRafT e tﬁrFﬂ%W@%@PEﬂQ§ﬂ(§*ﬂ§@ﬁ§\ﬁ/ﬁ"t€'Wﬂ§§§ﬁﬁ@ BroSoUBRNE s R fh therapeutic
cells, thus traaspering Sdeh iced v diresty 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 atNeaselgaecielivtig-sriiegies senmprigiehthmtiaabillaptsjicn ptdononesid

irr:ﬁmurlps'stppreﬁ%ime @%@‘t&f g?ﬁfﬁré#é?\(ﬁm{ﬁﬁl ’ ialbHresmHalrg, b?fh@héimﬁbwneorg%&m?ﬁagen; whilef
e patent m ratected 1ro ucosa ac assin e DIO ral e rougn use o
at least one a%ﬁ%ﬁ&a’gé’@ﬁrﬁf mc%?ﬁaa%?ﬂ T 3?8%'%6 %’&ﬁé’&%ﬁ?ﬁ r%%éfﬂ? ﬁ%%tlon and, as
will be furtherdtisegssiee begpnersdine @i thef edwa;tmn@mst of tintrahesapeppicatietntodhaay be
15administereghsysigraicplhe apdMciianasalierl RO CERHRNY Bathuay it ayaassrinag-Brain

Barrier The Olfactory Nerve Various methods of the%)rese t invention include administration of the

therapeutic ceﬁiéeéﬁh?e?%%wﬁ%ceéh*ﬁ@&ﬁﬁbeﬁ{p%%ﬁﬁbﬁ ‘ﬁ%l?] ﬂ’ebﬁrag}gﬁls R&ntion to 20tissue innervated
by the olfactorpmenve amdedsnds irrdteddiotivevgiqremehtedofapaated by at least one

reguiatory agent, while the palient may be protected from mucosal bacteria

bypassing the blood-brain barrier through use of at least one antibiotic, each of

which may administered by the method of the present invention and, as will be

further discussed below, some of the components of the therapeutic method may be
15 administered systemically and/or intranasally.

Transportation Pathway to Bypass Biood-Brain Barrier

The Oifactory Nerve
Various methods of the present invention inciude administration of the
therapeutic cells and/or pharmaceutical composition(s) of the present invention to
20 tissue innervated by the olfactory nerve and that is located in the upper third of the
nasal cavity. The therapeutic celis andfor pharmaceutical composition(s) of the
present invention can be delivered to the olfactory area via application to the upper
third of the nasal cavity.

Fibers of the olfactory nerve are unmyelinated axons of olfactory receptor

25 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-iike 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

30 inferior aspects of the offactory 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 composition(s) of the

14



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. Fibers of the
olfactory nerve are unmyelinated axons of olfactory receptor 25cells 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 CLoss the subarachraoid space can aininhq EISF and enter the d%()'&nf rior aspects of the
resen mventhon can Underge iranispdrt throu the nasal mucosa and i oﬁ%
olfactory bulbE" BRETHE T erapeutic c€lls and/or pharmaceutical composition(s) of the present

invention is apiRstd o Rkl @ppethairarerhasiiecality stid arcipanivrieendesnotysitiinaceutical
composition(syeftHecRERSERbtNERtANFE AL araR HabRPILEreuealk iBAagalgnucosa and into the

olfactory bulb gnd othﬁ‘r ar as[ of the CNS,.such aBs ﬁhe anter_ior‘ olfac OFrX nucli%%s, frontal cortex,
hippocampal TS ,ygﬁf(}ﬁagﬁi?d WU’ E’iirhﬁ%fs YA 6%\/?6%‘/%@ ) H§/88 fa 8'5, midbrain,
cerebelluny, cqpigahapialepiskand the like. Neuronal Transport ~ Embodiments of the present
method includes administration of the therapeutic cells and/or pharmaceutical comgositio_n(s) of the

present invention to tHPSHBIERIY dBpRERTON 15 thed et sh Y Bt R A h R A LR EE s nasal
cavity. Applicatitin afdhe pherspeatitcaétisrapalitio plsanhiequtsahCongroisiion{iss ebitfesiiresent

invention in 1Q4)pdipnerAOGIRS ik tie b rianpulc celsand pe aliacenisplapmBesiton(s) are

transported to the CNS, brain, and/or spinal cord along a neuraﬁthway, with reduced systemic loss
and systemic EIB8RREAHERIIS PR PR IRECRIEEF SRTBE DR Tr BforG S MelYER I AMBuUgh or by
way of lynphatissrammengrsitres thetittosntténmegticocdily aaljcrivhpera@sdokdcspaositdrad)lood vessel

running Wit & ey kL5155l R e LSS EDCYRNARE LSRRI bl vesse!

running with a neuron or neural pathway, or through an hemangiolymphatic system. The present

invention comf5ieE8dBHFEIBItABH O RESIREYS SERBRUER 16 ARHT6H AN RRNEIRE] EBRSPSYition(s) by
way of a neuralitpatlwapntpshesuhan threodge otive eriguwbiony syste mnsnthattiregndatory agents that are

unable to, or QHJXL%‘HOJ%yC\R%ISOf a perivascular space of a blood vessel running with a neuron or
15 neural pathway, through or by way of an adveniitia of a blood vessel running with a
neuron or neural pathway, or through an hemangiolymphatic system.

The present invention comprises transporiation of the therapeutic cells and/or
pharmaceutical composition(s) by way of a neural pathway, rather than through the
circulatory system, so that regulatory agents that are unable to, or only poorly, cross

26 the blood-brain barrier from the bloodstream into the brain can be delivered to the
lymphatic system, CNS, brain, and/or spinal cord. The therapeutic cells and/or
pharmaceutical composition(s} of the present invention, once past the blood-brain
barrier and in the CNS, can then be delivered to various areas of the brain aor spinal
cord through lymphatic channels, through a perivascular space, or transport through

25 oralong neurons. In one embodiment, the therapeutic celis migrate to the region of
damage and/or degeneration within the CNS.

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

30 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
addition, the present invention can provide for delivery of a more concentrated level
of the therapeutic cells and/or pharmaceautical composition(s) of the present

15



20the blood-brain barrier from the bloodstream into the brain can be delivered to the lymphatic system,
CNS, brain, and/or spinal cord. The therapeutic cells and/or pharmaceutical composition(s) of the
present invention, 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
transport through 25o0r along neurons. In one embodiment, the therapeutic cells migrate to the region
of damage and/or degeneration within the CNS. Use of a neural pathway to transport a regulatory

agent to the byajgaiitel eqrh o1 OURLEARANEHLS ! (R oY) emvaus.Bystem obviates the

obstacle presented by ood-brain barrier so that medications, 1.e., therapeutic cells and/or
30pharmaceufares OHEABsETH ie¥eriAVERIPoFRIPe SHHIRGHB iR PEPS 88 AP Barrier, can
be delivered diresthtriather&blizhetige, itveriigimanttispimnalneorekdn additarotiieipeesenhinvention can

provide for deﬂ;%‘é‘?f%é’d}% E“e‘ﬂéeaSS}%?%ﬂH?‘rE%%éﬁ%{%l%f Fﬁ§o@§6ﬁ€§é&f§g‘%§% gﬁ@’c 2 éﬁgﬂé@%ﬁe“ﬁcm

¢ 0 5
composmon(s (0] e present Invention to neural cells since e

pharmaceuticBlcceMpaxitisHIe ot Braihres&ntsafent®i-do not become diluted in fluids present in the
bloodstream. ﬁ_?es#ﬁg Ege in\égpgsqg rovides an improved method for delivering the therapeutic cells
and/or pharmacéutica co%posmon(gs Sfthe present invention to 5the CNS including the brain and/or

spinal cord. The OlfagiopNEuALRA @ Yrese QAR ARIPRRITRE RIS R5eoRTERRHRGY includes

delivery of the re ulat(?%/ agent to the subject in a manner such that the re%Iat%rgédzi%ent is transported
r .

into the CNS, g {RAGraly e Bl G BRIREY S5 JIBh Y AP atRLeonR ARl S RR0G Pypically, such
an embodimethei BdiGd epadmi bisieriagpthesmggl atoraRggritrto fegoyy ineweal ety the olfactory nerve

and inside therpasaleavity, Zhe-miReRRRIALRAMAKNIR YRGS Rl dbe Rifacioey epithelium

in the upper third of the nasal cavity, as described above. Application of the regulatory agent to a

tissue innervalSEHE ALY IR RSN AAIDS I DT HR Yo dhE BasIAgE ¥ RE urons or cells
150f the CNSpébtraimy antéorss neineaily. thdfaftotyrnepitoaiumne thateripes thiislief drednaaal provide a

direct connectigp{p o6 G ehralo anAIRIRBALAAHE ddtdry el es ol lieiTnlR ndaffaction

Delivery through the olfactory neural patt waé(réan employ lym cs that travel with the olfactory
nerve to the VAYiBlOHR&IAAIE¥EFRIM SHYEhETR TribiRigrypgent to damaged neurons or cells

15 of the CNS, brain, and/or spinal cord. Olfactory 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.

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
20 lymphatics associated with portions of the CNS, such as the spinal cord. Transport

along the olfactory nerve can also deliver regulatory agents 1o 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 reguiatory agents to the brain and
25  spinal cord from tissue innervated by the oifactory nerve.

Therapeutic cells and/or pharmaceutical compositions thereof may be
administered to the olfactory nerve, for example, through the olfactory epithelium
located at the upper third of the nasai cavity. Such administration can employ
extracellular or intracellular {e.q., fransneuronal) anterograde and retrograde

30  ftransport of the reguiatory agent entering through the olfactory nerves 1o the brain
and its meninges, to the brain stem, or to the spinal cord. Once the therapeutic celis
and/or pharmaceutical composition thereof is dispensed into or onto tissue

io



20lymphatics associated with portions of the CNS, such as the spinal cord. Transport along the
olfactory nerve can also deliver regulatory 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 25spinal cord from tissue innervated by the olfactory nerve. Therapeutic cells and/or
pharmaceutical compositions thereof may be administered to the olfactory nerve, for example, through

the offactory %R!é'ﬂ%kg%[}fﬁ%jﬂa%gﬁn‘é%?%@'gﬁe?éégﬁiﬂ%gﬁé Ay s admpistration can employ
extracellular or intracellular (e.g., transneuronal) anterograde and retrograde 30transport of the
regulatory agedtRPtEARGRAPLRRBHECRIIPRERAS R TRABSPRIIR BNCKHE HBRHRFEE 36%he brain stem,
or to the spingheardioRneratieriierapayiiticetsaandioe PNSmaneutic #hedraposition thereof is
dispensed into or, onto tissue, innervated by the plfactary nerve, the therapeutic cells and/or
pharmaceuticcaﬁr%%%?%&ﬁ%rﬁ%%?{ drcg(r)e?nob%%enna?sﬁﬂ%ré% r%og\%tgbt’rgﬂgp%gﬁ%&qtﬁ@ugh the tissue and
travel alohg FHERHEHSUSHESKt0 areas of the CNS including the brain stem, cerebellum, spinal cord,
cerebrospinal fluid, Ifactor}g]gulb, and cortical and dSS%cortical Iructttlresb Tlhe blood-brain barrier
is bypassed in the pﬁé%glﬁfj m reaﬁ?igﬁrﬂﬁréf)pﬁggﬁ%% of the ﬁ%sfgﬁéﬂ i Cetls gnad)f%'rcs &P Raceutical
composition(§)ecthenarisiniy tedsasiticrbainasedipaicatian &ithéu spaiitittdhenepastial cavity. The
therapeutic celifsafdippRBAETRSRIIIGH SOMRPSIUND RiskIRMUFNtoR Migrs.florrfbe nasal mucosa
10 through foramina in the cribriform [éate alo %th_e olfactoraxé_%eur Ié)athway and into the CNS. See
C Bl

Example 1 inﬂ%dﬁ%?mméa‘é%gﬁh?@m ?é@ﬁﬁ\ﬂq FHRYRLOB) atﬂ?e?qg%%‘éc&sgd in the
hypothebizedhraghenradimiriistratioibtiotheniatiesl cayityecrtiptéyingsaiat peahpaytasdyntan thus deliver
therapeutic Cﬂ@dﬂ@[“@é@%ﬁ}ﬂ’é imitedde GuikRrbis-rlls AR St m0p4s HoBBd b RRarmaceutical

composition comprising therapeutic cells of the present invention to the lymphatic system, brain stem,

cerebellum, 'éfﬁﬁéﬁrdﬁ)ﬁi’?ﬁﬁ%{a SrBsIYRE BAREBRICENS R uctures. The therapeutic cells and/or
pharmaceutical corﬁggﬂt‘iﬁ hg @@ﬁgg]igg\g{y@ﬂ@@% Q‘ﬁMJ%‘%iH%%{%ﬂ%éHQHEénem into the CNS,

Hap.ed
i.e., brain, and/or spina cor%_. Ar1terr1at|vel_y, a cafrier and/or the delivery-enhancement agent(s) 20may
assist in the tFERSYIRCHRARIHefih St e ApoiTied R LLugedc cells and stem cells,

15 and/or pharmaceutical composition comprising therapeutic cells of the present

invention to the lymphatic system, brain stem, cerebelium, 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)
20 may assist in the transport of the therapeutic cells and/or pharmaceutical
composition of the present invention into and along the neural pathway.
Administration of a therapeutic cells and/or pharmaceutical composition of the
present invention to the upper third of the nasal cavity thus bypasses the blocd-brain
barrier through a transport system from the nasal mucosa and/or epithelium to the

25 CNS, i.e., brain and spinal cord.

Various embodiments of the invention administer the therapeutic celts 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 providing advantageous delivery of a

30 regulatory agent to the CNS, including brain, brain stem, and/or spinal cord. The
therapeutic cells and/or pharmaceutical composition(s} of the present invention are
unable to cross or inefficiently cross the blood-brain barrier from the bioodstream into
the brain. Thus, the methods of the present invention allow for the delivery of the

17



composition of the present invention into and along the neural pathway. Administration of a therapeutic
cells and/or pharmaceutical 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 25CNS, i.e., brain and spinal cord. 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 envirw&;ﬁp alﬂgr g@i@ggiIg%mp%g%ggg{%&#mgﬁwggﬂ 3Qrequlatory agent to

the CNS, including brain, brain stem, and/or spina apeutic cells and/or pharmaceutical
composition (&) %‘?@@erﬁi“?ﬁ(/giﬁibwrgk@ﬂH%ofé“f&'%%ssb‘ft%ff &EM§tere< the blood-brain barrier
from the bloogdsifipasndnte e aon tHdesiciae meihogdsfahthegresemiticaeniienallow for the delivery
of the inventive ther i | an P ' mposition y f the glfactory nerve
rather than th‘?gat%af%%?éél r%ﬁ?fﬂé%/gg@é?é%&%%s&%ﬁgﬁ\g?%at§ r'r? iﬁr‘;gié%rea@)\l ng aﬁé%fé (gr'lo'1 ?ﬁ}%lefficient
delivery df théarferdibettievetaniamdpephaeidtutical composition(s) of the present invention to the
CNS, brain, or spinal 5cord without systemic |0ss. or osure. .. . .The immunosuppressive agent(s)
and/or antibiotic(s) ﬂja?y”ggn %?ﬁ/lépr%ﬁ%é\é%ra %%ﬁt% 33%%? rﬁ'r%%%ﬁr&&% %? f#%gvﬁrrédgjent invention either
systemically @cegrtiecupperiehizobainrialctaispernet iaendoo it ensystrmnnalbeotittal combination
comprising th@eapssdiaGrll63nd (Alsrpalivedtrinways AaINAS e RathvsYsd-thespliasiery nerve
pathway discussed abO\ﬁe comprise Ealg]hways along other nerves that innervate the nasal cavity, e.g.,
the trigeminaFB%\'ﬁW, BRIFRAST (? ie skilled artisanl. Therapeutic Cells 15The therapeutic cell(s)
of the present Ruai eaRgadgrived from any fetal or adult mammalian tissues, including bone
marrow, or neural tissues, including tissue from the hippocampus, olfactory epithelium, olfactory bulb,
subventricular zonesiegteticl wahapinalcone oiatter (enanatoray spnaieseasovy cortex), striatum,
pasal forebraip (e BgialE Neusne A ssenERehalR cHls gl subgiala nigra), and the
locus ceruleus (neuroadrenaline cefls of the central nervous system). Moreover, the therapeutic cell(s)
may include, HaetaahselimREd¥el Keenwal taribrotHemipdean stem cells, neural progenitor cells,
genetically e ineeredt%egs t-cells and/or autologous cells. The developing and the adult animal

erapeuiic Cells . .
central nervo s a 25population of neural stem cells and progenitor cells that are of

particulalrsinterest inThe therapeutic cell(s) of the present invention can be derived from any fetal

or adult mammalian tissues, including bone marrow, or neural tissues, including
tissue from the hippocampus, olfactory epithelium, olfactory bulb, subventricular
zone, cerebellum, spinal cord, cortex (i.e., motor or somatosensory cortex), striatum,
basal forebrain (cholenergic neurcns), veniral mesencephalon (cells of the

20 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 ceils, neural progeniter cells, genetically

engineered cells, t-celis and/or aufologous celis.

The developing and the adult animal central nervous system contains a
25 population of neural stem cells and progenitor ceils that are of particular interest in
" the present invention as therapeutic cells. Methods of isolation and transplantation of
various neural progeniior cells derived from different tissues at different
developmental stages are known in the art and include, for example, striatum cortex
{Winkier et al. (1998) Mol. Cell. Neurosci. 11:99-116; Hammang et al. (1997) Exp.
30 Neurol. 147:84-95); cortex (Brustie et al. (1998) Nat. Biotechnol 16:1040-1044 and
Sabate et al. (1995) Nat. Genet 9:256-260); human telencephaicon (Flax et al {1988)
Nature 392:18-24 and Vescovi et al. (1999) Neuron 11:951-966); hippocampus
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the present invention as therapeutic cells. Methods of isolation and transplantation 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. 30 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.

Neurabiol 36:209,2563pd 348904 ald1998) ke PR ERART PRl pIehpln (Minger etal

(1996) Exp. Neurol. 141:12-24), ventral mesencephalon (Winkler et al. (1 Mol. Cell. Neurosci.
11:99-116; SverRfsEAieR%) (1a%8 Yy 2 iiopenst §741588) Renheig et 4l 1&88%)Vex @ Neurol.
147:84-95; 5Studgertaih6lQORNNEtrNesirgsebs) 290-2okh; Nidibwaid. atl o{189 Hvénbleuresci. Res.

50:862-871); ' | . 7). Mil . AP Ci. Res.
0:862.671) EAEh PSS AT e o e P N e o for

the isolatioh of RiGR{ &tehd L pRiReNg URBCMEHEHAS pIEETE Bk chftefedtibifUrPesin#8o be found
in U.S. Pat. No56:85°1 6389 boandtveniriRalaitone, (Mitva’Pe bath wowhigkware seseint gegorporated by

reference. Therapeutic cglls qf the ' ' igin.A preferred
example of sucﬁ%@é%is %geQé’{%P%gr?gﬁﬁZ%%Fapﬁ%ﬁﬁé}ngﬁlyeféﬁgé%jg é?@@%n%ﬁe%%ﬁ% nd et al. (1985)
Neural Grafting &fefeaagdmasitian oredheapmiorhirali #tide gierpysl. tem celhereshayanet al (1997) Ann.
Neurol 22: 457 fi§Bod dvbichslenensiiméesirssetdiness ekabramafio seksfaushe treassent of
Parkinson!s disea Therapeuti Is.of the present invention that are not of neural origin, but
which nav ne AT e B e A B R A L R e ivenive

scope. A preferred cefhyagdsiR BUBR (o erkdRfthrobiteh which 2 i enpihypRian edandcultured

(see, f le, U.S. Pat, No, 6,060,048). Such cell | 1etically altered, usi
mtiods koW TSGR ADRR AR HA TN BromiT AL e ORIl < e Papeptices, or
enzymes involveeinphraijorbtabolisn( 1888), fetexdenflioGatie diahnia887CN8urosci. 23: 795-807;
Rosenberg et gx (1388 RCiEResied ppl 20 Pr 1281 RhimPhama 64 Al P8 ML 29BraiRRes. 5:

271-278; which are hereby incorporated tg reference. Alternatlvelgt? theraﬁ%&eutlc cells derived from a

non-neurdhal oG S8R0 BB dReHET LIRS OLS RN BFHEd Bt SR RE L A S TS different
types of neuronisemdbs. See, for example, U.S. Pat. No. 6,087,168.

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 inventive scope. A preferred cell type is a human foreskin fibroblast, which

20 is easily obtained and cultured (see, for example, U.S. Pat. No. 6,060,048). Such
cells are preferably genetically 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: 795-8C7,
Rosenberg et al. (1988) Science 242: 1575-1578; Shimohama et al. (1989) Mol.

25 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
converted or transdifferentiated into different types of neuronal cells. See, for
example, U.S. Pat. No. 6,087,168.

The therapeutic celi(s} of the present invention may be genetically altered
30  prior to transplantation into the host. As used herein, the term "geneatically 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,
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The therapeutic cell(s) of the present invention may be genetically altered 30prior 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, microinjection, viral transformation, protoplast fusion, and lipofection. The genetically
altered cell may express the foreign nucleic acid in either a transient or long-term manner. In general,

transient expression occurs when fareign. DNA doe t stably integrate.inta,the chrgmgsomal DNA of
e transfeotdC IR e TP LT R RSt G areatt GO Sl R ABR T reign DA
has been staBlielatbephiagisurtpes dhedaieigornetBNACSf iheithansafsanstbabil longdeieh genes of

interest inclugigaAREF Ok YasRTSIE-SUIRE siziRa ST eP Wb OSIRE DM alaseHot HkaRd
cholineacetyltransferase). Such methods @Irlg cgﬁineg{l%?nown in the art. For instance, therapeutic
|

donor cells frH? gfﬁtﬁ)ﬁg rgbei&%%ﬁﬁ% 8%%? gﬁyg CSPH@%BB%@Whave been
isolated and leapeedsien dhfmeigal 2E4d vixyendtan defatien Potrekasipen stkuydrnyegraiasbrebellum

cells have begg,iB e tahizad MsinsntheMmialyBysdvda¥eoncogene 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) resulteoSmdng&imsteﬁmmasbmlmmIdhgestmsaﬂraittw!ese@n@iaﬁhgcbhmb@(r&t,c_erebel_lum to
form neurons,gad, gl ardias ¥ AL ot UiRe bk RaUIaEDIsA el et aparazed with a

retrovirus vec ontaining c-myc and were cultured with growth factors to form differentiated cell

types similar U B 4P hEgHaRRS (GRS ATIYSH) P HRM NBHPYRRE 088U 85:3255).
20Moreaver, intiarsmsiadydifedreat athterajmavitogmeeticalrg-eagineekaddcalls lnfubh egaesent invention

may Comp”S%%%Iﬂgﬁ_ﬁéhf\%%%@ﬁ&eﬁ‘ﬁ&%ﬁT‘F‘%’r e fDle aRdisieang syRsanaesdat e deficient or

are missing in the patients CNS. For example, in lipid storage diseases and hereditary metabolic
disorders sucPF88 FHEAKRBRShEHNG {ISrAT RSO RYRINOSENaOIRIREaI SEUIRRS Wibrage
25diseases, qrbiiemabpaiigkatiseaneyibe (Ryvayehal ar BIEWMR4NIBSI0Y N B8 hisimiom birth.
Therapeutic cglls. invent | t. [fic. missi ch
geneticalIy-e%ﬁ%ré%%ﬁ@ﬁ%&ﬁc ggﬁgé}rgé }{%&%&?ﬁ% ﬁ/éeéréﬁapﬁ)ﬁt%%{gﬁigr%gﬁééﬁﬁ@%ﬁ%saI cavity

p
where tHé ceﬁ'&%m%§ﬂgéaﬁﬁfbiﬂiﬁﬁawﬁfa¢ﬁ@bﬁﬁd‘bﬁ&%@W&H%@'&ﬂ@ﬁkﬁﬁ”ﬂa@rﬁﬁﬁng metabolic

function. Moretudies, murine neuroepithelial cells were immortalized with a retrovirus vector
containing c-my¢ and were cultured with growth factors to form differentiated cell
types similar fo astrocytes and neurons (Barlett et al. (1988) Proc. Natl. Acad. Sci.
USA 85:3253).

20 Moreover, intranasally delivered therapeutic genetically-engineered cells of
the present invention may comprise biolegical factories that can enter the CNS and
release substances that are deficient or are missing in the patients’ CNS. For
example, in lipid storage diseases and hereditary metabolic disorders such as
phenylketoneuria (PKU), Wilson's disease, Tay Sachs, lysosomal siorage

25  diseases, or Nieman Pick disease, there may b an enzyme missing in the brain
from birth. Therapeutic cells of the present invention may comprise that specific
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-brain
barrier and enter the brain to carry out the missing metabolic function. More

30 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-inflammatory agent, a neurotransmitter, a
neuromodulator, an anti-oxidant, etc. that can benefit the subiect in need thereof.

20



30generally, 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-inflammatory agent, a neurotransmitter, a neuromodulator, an anti-oxidant, etc. that can benefit
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 5Certain compounds, i.e.,
delivery-enhancement agents, may be utilized by the present inyention to assist.the Therapeutic cells
i delvery to N E ELE NETaR L oy SRR R L ARG reg T R KD e
delivery-enh&pognasnisigénalbopmaiisssad atnesioldeia-RlHghitabdewnobserieg aelety significantly
increase deliygryREtheiapentcriels ia Haeihsanhen applied to the upper third of the nasal 10cavity
as either a pretreatment administered in an effective amount prior to the therapeutic cell application of
the present iPedinéionEchagcementobgenisof the pharmaceutical composition comprising therapeutic
cells of the present invention, or as a separate compound administered intranasally to the upper third
of the nasal cavity SBSRERMIPVIANSItaAedaLPALINENRRNGHE AReEBI A PR HiiFgFRY ceutical
15compositige frizsbelinvestitiabtbsshy alerpridpsatiacisienhyelusonic aeidénttaeexisagellular matrix
to enhance delivery of therapeuti s and/or phar ical compositions comprising therapeutic
collo o the CSSE AT SR SRS o st S RS SRR b
delivery-enh&A@eRfEstaghPUAasRVHERI BB HRRTerRpRUEE CRIY$TH HIBITTRT!Y20RESRative
?e"VGW'ﬁnh@(@jﬁ?ﬂﬂﬁfttﬁ@fﬁ&ﬁ@mﬂﬁs ﬂﬂ@l@ﬁguﬂl?]eml'hgb’ﬂ%ﬁo iwﬁr?ﬁwiw m@dﬂg@kemlia inhibitory
actor. These delivery-enhancement agents, .e.q., hyaluronidase, lipophilic agents, neuregulin,
igratian R ) AR e R R AR R o i any
combination ferapgigisces Hanvbeotiontpbliisar@sentie @it heND Eaeeorii e tethe present

25invention. th@?ﬁ%f@éﬁii@éz I@@ﬁb@ﬁﬁﬁ@hé&hﬁﬁ;ﬁ@ﬁ@h fReapaat ?@W&Wﬂ?@s‘éﬁ@%%@oﬁf%ﬂemmem t<]3
transportation of the therapeutic cells and/or pharmaceutical compaosition and/or as a component o
the pharmac@%ﬁcsaelp&g epg(%ri]ﬁ%%ug r%%'ﬁgf' ge{ggr'g &l i%aﬁ%ﬁ%.ﬁlﬁtbﬁﬁg{i&éraa@ﬁ/%?yq%%%ancement agents
that further etdvitnseliblantizicosial dodetivelyastttieciRareptidicaliianaferpiamaceufiteal composition
COMPrSRg composition. It is believed that the hyaiuronidase acts on hyaluronic acid in the

extracelluiar 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
therapeuitic cells to the CNS.

20 Alternative delivery-enhancement agents comprise neureguiin, migration-
inducing activity and leukemia inhibitory factor. These delivery-enhancement
agents, e g., hyaluronidase, lipophilic agents, neuregulin, migration-inducing activity
and leukemia inhibitory factor may be used individually, or in any combination, o
enhance delivery of the therapeutic cells to the CNS according to the present

25 invention. Therefore, at least one delivery-enhancement agent may be used as a
pretreatment to transportation of the therapeutic celis and/or pharmaceutical
composifion and/or as a component of the pharmaceutical composition comprising
therapeuic calis,

Aliernative delivery-enhancement agents that further enhance the mucosal
30 delivery of therapeutic cells andfor pharmaceutical composition comprising
therapeutic cells of the present invention, comprise an enzyme inhibitor, particulariy
proteases inhibitors as is well known to those in the art. Protease inhibitors may
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therapeutic cells of the present invention, comprise an enzyme inhibitor, particularly 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 HCI, AEBSF, CA-074, calpain inhibitor | and I, calpeptin,
pepstatin A, actinonin, amastatin, bestatin, boroleucine, captopril, chloroacetyl-HOLeu-Ala-Gly-NH2,
DAFT, diprotin A and B, ebelactone A and B, foroxymithine, leupeptin, pepstatin A, 5phosphoramidon,
aprotinin, puromycin, BBI, soybean trypsin inhibitor, phenylmethylsulfonyl fluoride, E-64, chymostatin,
1,10-phenan ine an TA i i STHLEUE lternati ' ement agents may
include, but éaéﬂ%’|ﬁ%@§%ﬁ§c{@%‘@?’8néuéﬁﬁﬁfﬁﬁcﬂ%z@? |ogd I%(ra@i%l?e agents,
phospholipid ABBaGithvaS thikatp#Hldeibeon haag e Rl RaRS g bAoRSI8RRIRINes, cationic
polymers, NQlesaticamppatndsorsisgthaitapimmh]patbicareigcidss smaltnyiophohiTpenetration
enhancers; sQdium qr a salicylic acid derivati lycerpl esters of acet ic acid, cyclodextrin or
beta-cyclode%ﬁﬁ)%e%\?gﬁ\%sgﬁleaéﬁg%ggl35?’15 éa?tt%rgg}g@,{%ﬂe’I;%i%ggtg}]é%thﬁg%ﬁ(% acids or salts thereof,
N-acetyldmin@ gerneresur ah| RPEAlMEL PYTRIBEH CRY S asfiAiRe 5 dpikiffally targeted to a selected
membrane cempgnesthyRliIRgalymesid eytthesisanch mhirinisaiahelenembaynthesis. The

present invergQ?Acontemplates using one or more, i.e., at least one, of the above
delivery-enhantement agents, either alone or in combination with the therapeutic cells as a

pharmaceutical corgpprpghéh AR sieciR AEQUWHN 2L RReM A\ gRy I SeitakLeesdory agents to
regulate, inter a/ia ??TOWth and diffgrenti{ation ?{tla%delivere.d therapeutic cells Withgl ﬁfée CNS are
Bt AEMREHRS §

within the sc&ﬁ]ét esb?@géﬁ’ﬂ‘?n@ Yotife] o) Cf%@rs e%'gl% 8NR %?Fégﬁv%hgﬁ? Fgf regulatory
agents that pagriitesthredsivinee ighthipatomascelisdryjiaro digialtivlg, threaminganestietldnflammatory

25response. pUchJRIMBIANL SIS kKIS gIAXRMRAIBR YRS RATIELARY \@tipus other
immunomodulators, including, interleukins (i.e? IL-1, IL-éB II%F%S IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10);

tumor necroSFHABPEIR RENTIRHAN SRR R BATas Ard s AHE AR &YP8Eheta,
IFN-gamma, ¢steroniegaiceadtit-dbith wycavgxirin or beta-cyclodextrin derivatives, medium-

chain fatty acids, chelating agents, amino acids or salts thereof, N-acetylamino acids
15 or salts thereof, mucolytic agents, enzymes specifically targeted to a selected
membrane component, inhibitors of fatty acid synthesis 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.

20  Regulatory Agents

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 exampie, an effective amount of regulatory agents that
promote the survival of the donor cells by modulating the immune and inflammatory

25 response. Such regulatory agents include, for example, cyclosporin and various
other immunomeodulators, including, interleukins (i.e., IL-1, IL-2, IL-3, IL-4, [L-5, IL-6,
IL-7, 1L-8, IL.-9, IL-10); tumor necrosis factors (i.e., TNF-aipha and TNF-betfa); and,
interferons (i.e., IFN-alpha, IFN-beta, IFN-gamma, IFN-omega, and IFN-tau); and
any biologically active variants thereof. Further details regarding the administration of

30 these immunomodulating agents by the methods of the present invention can be
found in U.S. patent Ser. No. 09/733,168, entitled "Methods for Administering a
Cytokine to the Central Nervous System and the Lymphatic System," filed on Dec. 9,
2000, herein incorporated by reference.
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any biologically active variants thereof Further details regarding the administration of 30 these
immunomodulating agents by the methods of the present invention can be found in U.S. patent Ser.
No. 09/733,168, entitled "Methods for Administering a Cytokine to the Central Nervous System and the
Lymphatic System," filed on Dec 9, 2000, herein incorporated by reference. Additional regulatory
agents that find use in the methods of the invention include CAP23, a major cortical
cytoskeleton-associated and calmodulin binding protein, and GAP43, a neural growth-associated

Prolte(;n- CS)ete, for exm{wﬁr?f gtﬁr&%%%ﬁgskh%hcﬁfb if: Wﬁéﬁé&th&ﬁfﬂmﬁ\%?&ﬁs of irtl;er est
include Osteagen n ic ogeni a a rowth,
differention, d gkﬁfﬁ‘zﬁxﬁﬁtlaﬁ‘ 2 3?40%( %m%)gt R? h%{s,ag i)(%%'ﬁ%g a polypeptide
shown to promoteimerwﬁﬁw?oﬁdmmmevgmmmtsqm@et aee(lfgeayammwr feagsiant 55:2-17);
various other gig) SYOMITIaFBS (H34DaNORAEIGRAY B MZLS0n AN RA00 and any

biologic gg active variants thereof. 10All of these references are herein incorporated by reference.
I

Other regulat6ft 3&%@&1“’@?5’&‘aﬁd“\ﬁfﬁﬁﬂ%'é‘%%ﬁ%rb%te%%g@ﬁﬁH oA growth
factors. As usadi iiffeiartgiowtindadtmdnetd s o ap digpé pideb8apableicoihedgeltating the development

of the transp ge%e@apmun %rsv&mof@%%mﬁigldﬂ&é&mﬁ@}a@%%mﬁs&m%t'ayentlon include,

but are not 15limited to, members of the_neurotrophin family nerve growth factor (NGF), brain-

0.e.
derived neurdﬂ%%ﬁ@%ﬁﬁmﬁsﬁemzﬂaﬂﬁﬂ? SURMEg %[ﬂ&’théﬁ%ﬂ%éﬂlﬁ KNS also known as
NT-4/5 or NT£57¥;1 8la8M&st4gr o9dh-fat tH ES (RCHs and . amakicl difitablest tyrowdhisfaston reepidermal growth
factor family (ke +ERGE: T&Feﬁm%réﬁé?gﬂq%%orﬁg@w +aiding EGF-like growth factor (HB-EGF),

batacelluin (BTC), 20and the neuregulin group); platelet-derived growth factor; insulin; insulin-like
growth factors (i.e., i@ferlragaldSFy- aeeiliasy ineussteophictiactne (CbEER Wkapeedstine-derived

neurotrophic ﬁCé%{ %n&]& fac, IR & % P’éﬁl{ln ,agt%rsg pg ana artemin
e Aen AT GRNE e, GRNE A0ELIRU TN P), and artemi

(ART)); transf orming g eta. superfami Samilies inclu beta 1, TGF beta

2, TGF beta ?%@Pb@%ﬁﬁ?mb@%@@séﬁﬁ\ﬁﬁ‘@‘ﬂﬂﬁ‘ﬁ}%@é%é’ﬁt&@@@i@)’, @‘PBWtﬁQﬂlﬁerentlatlon
factors (GDF)digwtH3EHwks useful in the methods of the present invention include, but are not

15 limited to, members of the neuroirophin family {i.e., nerve growth factor (NGF), brain-
derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurctrophin-4 (NT-
4, also known as NT-4/5 or NT-5): fibroblast growth factors (FGFs, i.e., basic
fibroblast growth factor); epidermal growth factor family (i.e., EGF, TGF.alpha.,,
amphiregulin, heparin-binding EGF-like growth factor (HB-EGF), batacelluin (BTC),
20 and the neuregulin group); platelet-derived growth factor; insulin; insulin-like growth
factors (i.e., IGF-1 and 1GF-2), ciliary neurofrophic 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. superfamily (i.e.,
subfamilies include TGF beta 1, TGF beta 2, TGF beta 3, TGF beta 4, TGF beta 5,
activin, inhibin, decapentaplegic); growth differentiation factors (GDF) (i.e., GDF1,
GDF2, GDF3, GDF5, GDF6, GDF7, GDF8, GDFg, GDF9B, GDF10, GDF11, and
GDF15); glia-derived nexin; activity dependent neurotrophic factor (ADNF); glial

|3
Ln

growth factor (GGF); and the like. It is further recognized that any biologically active
variant of these growth factors is also useful in the methods of the present invention

30 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 undergeing freatment.
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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 biologically active variant of these growth factors is also useful in the
methods of the present invention. 30The 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,. , . Bi ical jye vari I lypepti i rowth factors,
such as IGF-I, NGF%‘%E(? %3%@%%%% g@?gﬁﬂﬁeﬁ%@%&& g?s%) é%%%érrg &é‘g@@éﬁ?’ﬁfﬁ%@%ﬁous methods
and pharmacei#Rapedpbdiien LB BREIGrESENEHRENTD RIS LaFR RisRARS2HBARE FeRYHRACe biological

activity of the regidasareoastmapheuiarits tieababilibs aisag Wriestbe savelvertent elihe donor cell
(i.e., promote th%isg{él%a(; mal tal%tehg)l qe3|rgpag’ff_|‘l‘%{}r%t¥ e and{o re%ulat{a the.devcﬁlo mental cues

produced by the donor ee 5 oariréxamp?e?g}v%en t ogu gtBe up%?yrﬁe&?gé Psag%%w)(h gctor, such as

IGF-1, NGF-I, Gibiithenigaiaetine Feriamapt fénasingricoiddehencreaisdbsvairdeaiptor sites will be
retained. SuchrageptohindingfetiviytypayPR/APragast etbusine StarfrafliassBed One such

regulatory agept,.a growth factqr, that is useful in.the present invention is IGF-1. The.term "IGF-I" as
bt norein o L e Oy Sa i o BB RS ko 7B amino acics
and a molecul&HonedgHEGTabigift-7 80D rdambas ofikentzkey fowitie falitsy 1oskidithgds mitosis and

growth 15procesgremsreiaies vkl eallrdevelnrmentci he-apinainsidpndinyciestige sequence for
IGF-1is k%)wn in the art. See, for(gx&mgg%, U.S. Pat. No. 5,324,639 which discloses the human IGF-I
sequence; Ge AR REBLYSHRGT L P 62%hich discloses the sequence of bovine IGF-I; and

Genbank Accession N, XQ8043duirh disalogerdhe, sequenss: & rabis i inEartsehthese references

is herein incorporated ZObﬁeference. In anather embodiment of the present invention, the regulatory
agent may corfiiF88%0 A dHbE SR IR R rANTRMSPEIRIRIN Etes S uRaHIr Bt Y RU '8 e variants
thereof. The fib(abfast grongle-factiordfepiidy eadoppassesceagitelprof smadtarddhyweilgttedfproteins that

bind heparin wilh 3B I FGE, (AN FamETIRESS ek, MUogRR actiyly gadinduce the

proliferation of a wide variety of cell types. FGF tamily members also participate in angiogenesis,
differentidtion, @Qﬁ?ﬁ?ﬁﬁaﬁ?c@%r‘jygi HeRIEfG R TeRhd Re GBing FRidrrdharteRdRival. The term
"FGF" as usedsbeaueircedtersso [dsmamipein afidhertfiBeab fas tgaowth, fdcSo Piamily, ek B8Ry, for example,

FGF-1 (acidic £35). fF G285 FGNIeF P Eedu&iRE tehmoab&EsRn No. x15726, which
discloses the sequence of bovine IGF-1; and Genbank Accession No. X06043 which
discloses the sequence of rat IGF-1. Each of these references is herein incorporated

20 by reference.

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 fibrobiast growth factor family encompasses a group of
structurally related proteins that bind heparin with a high affinity. FGF family

25 members have mitogen activity and induce the proliferation of a wide variety of cell
types. FGF family members also participate in angiogenesis, differentiation, cell
migration, embryo development, and neuronal maintenance/survival. The term "FGF”
as used herein refers to a member of the fibroblast growth factor family including, for
exampie, FGF-1 (acidic FGF), FGF-2 (basic FGF), FGF-3, FGF-4, FGF-5, FGF-8,

30 FGF-8, FGF-8, FGF-88, or a biologically 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.
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30FGF-8, FGF-9, FGF-98, or a biologically 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. 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 isolated as a complex having a molecular
weight of 130 kDa and a sedimentation coefficient of 7S. This 7S complex included three types of
subunits, with the ".beta." Ssubunit carrying all of the biological activities of NGF. Nerve growth factor
stimulates mitosis arlrd g{rowthg e59Es of ells %)artrcular ner e cellsra:fmd re u,gates gevelopment

e Ie. O
(I e., influences repailr, surviva mﬁerentlaeflg eﬂ']G re erre ammo acl quencye f%l’ human

pre-pro-NGF mmhﬁﬁﬁﬂ@(ﬂ‘l@ﬁ oré pirioiderl roclie: wmitaN N FeBaNs2 wamrrisalitorporated
herein by refersaﬁ%dl&)sTa@dN@léxJﬁm;r@ éhﬁdnr@mawér\gﬂﬂﬂom:r@am@gﬂa Hssubelaatisly purified,

native, recombin ro or |n hesrz rm For. Ie the NGF can
be isolated dlrggaﬁ 'ﬁtu ﬁg% ‘fr"%fi;% %Cg)ﬁp?ﬁa%/ & 6‘%%:‘ r&% E/ produced in
eukaryoticsor prgkanyctoded @kpfé‘%hjﬂ@geéﬁﬁlﬁgﬁf}égdﬁﬁdmﬁﬁﬁ\@m@ é@ﬁor@mwmr Cell. Biol.
8:2456; U-S. Pifolla chaR, 8. itk oFodlal b ac6difdBls abief wfebaimdierein incorporated

by reference. Alter atlve ther ulatory ent of the inven lo rise erythropoietin
(P00, brain ARG tfop I FEEY TR A A Lt TS Each of he
regulatory agemmrdmdbeddmmpMic@rerwmd}@ﬁ #hd muvigo matvwdﬂ@ﬁchmfmﬂemmnon of the

therapeutic celfs pEthe,pregesbaigyenineimeinass At Phararegylirabaompositions. Administration
of an effective amount of at least one regulatory agent by the methods of the present invention, i.e.,

intranasally to the upirer i@l ekthia tresptasawityn\aotms angl/ drelindEmbissitilyitutiiedherapeutic
cells, will reguiate denelopmentof s tRELABAHY: FEll GRNSRANPY IS NG e phrase "regulate

25development” Is intended herein to mean, inter alia, that the regulatory agent potentiates the
survival, differ&XaEREh, B&OIET G@Q%ﬁﬂéﬁi‘j Ggﬁﬁtr)’n@%’é\?@ﬂ?d?ﬁgﬁ?“éﬁd%?%ﬁ‘ﬁﬁf@r%?oH%?the
transported thetapeisticheetcunpioxety adbasiod ofdhieatyatisporpecktrgsapestiexgetssiorsurrounding

:ﬁ:faise&% ’C‘g‘ﬁg’s;tgﬂ@gg%% PASIEIWLALISSHE) B A OE BRPASDY QY R iBLSRted
5 5,086,070; and U.S. Pat. No. 6,005,081:; all of which are herein incorporated by
reference. Alternatively, the regulatory agent of the present invention may comprise
erythropoietin (EPQ), brain-derived neurotrophic factor (BDNF) and epidermal
growth factor (EGF). Each of the regulatory agenis described herein play a crucial
role in the in-vivo survival and differentiation of the therapeutic cells of the present

20 inventive methods and pharmaceutical compositions.

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, atone andfor in combination with the therapeutic ceils, will regulate
development of the therapeutic cell fransported to the CNS. The phrase "regulate

25 development” is intended herein to mean, inter alia, that the regulatory agent
potentiates the survival, differentiation, axonal development, dendritic deveicpment,
and/or proliferation of the transported therapeutic cell, improves adhesion of the
transported therapeutic cells to surrounding tissues (i.e., incorporation into
parenchymal tissue); improves the capacity of the transported therapeutic cells to

30 establish synaptic connection with the host neurons (i.e, enhances nerve fiber
formation in the donor cells; increases nerve fiber projection distances of the donor
cells: or enhances nerve fiber destiny of the donor cells); and/or instructs the

transported therapeutic cell to commit to a specific neural lineage (i.e., adopt a
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30establish synaptic connection with the host neurons (i.e, enhances nerve fiber formation in the
donor cells; increases nerve fiber projection distances of the donor cells; or enhances nerve fiber
destiny of the donor cells); and/or instructs the transported therapeutic cell to commit to a specific
neural lineage (i.e., adopt a neuronal (GABA-ergic neurons, dopaminergic neurons, cholinergic
neurons, hippocampal 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

modulating 1NN CRRON YeliS i Bigsl e ORURLE  Jishded b g reguiation of the
immune or inflammatory response (i.e., influehcing systemic immune furiction, antigen presentation,
cytokine prodUtBetE AR rantelaibie) aarirerthy of Bliaptrndibe ealldateactop REHSS into the
CNS).  Furtaesgiered ashninistigiemod dbe: iegubatenyagent isuknoyvorte fitpgplatgedevelopment” of
the invasively anspla]rgedm%%n?r.celkhb .influencing the 10fqﬁ\é§‘s|8§m?rgal,,cue ulg%aqssed by the

S

onor cejl by. ulatin immune re se ec Mo .
transplanted donor ce Yl.e., promgte SGENE BBIE Fele A heliotransmitters sugh as, dopamine,

acetylcholfne, [GABRIdrD HRYMEILIRIONte fABIBNS) CASRABMAREY fRIORORShE. repair (i.e., enhanced
Eerve_ fiber formﬁj%ggegygtgﬁﬁf ﬁ{ﬂlﬁ@i%@{igtﬁ.%§ﬁﬁ@dé@$ﬁ@[@ f@éﬂ%‘ﬁmﬁ&jzm\e su lr)roll_mdingf
ost tissue can be enhance e non-invasive methods of the resent inventio elivery o
an effoctive aTETSTGLE IR B0 AR N ey TG ARORAS EL B Rkmmal may
be achieved via admipistafirnobaRRRIAGS Yigal RYDNRRSYIapARRisg B theyaagutically effective

dose of this agent. Alternatively, an effective amount of the at least gne regulatory agent may be

e )
20delivered inHRfFARAMGD HdGIPEFSNRY BRRSR'ALEH ARt 8haYdPURIERIIERy as a pretreatment,
co-treatmént aratopostbataertidesap picthidranéphanisiaronac eatic dlecopnposttidheatiatior therapeutic

cell(s) of the pgepetdRRation By-rRifprieamUN S MeAD UG RiAn e GRACRANAtIEN of

regulatory agent that is sufficient to elicit the desired therapeutic effect with respect to regulating the
25developmeCHFPHFRMELACIS S ATy e BIRCIROATEIFRADT diPerRObRREsNE0R T%he regulatory
agent augmerttstizticimealotibeo prejettibe delbneptacadient therdipgritawhpafigon to animals treated

with only the cgll,replanement RILaLegy, %&%@&'ﬁrﬂ%ﬁﬁl%ﬁﬁ%wﬁ&%& G be assayed viaa

reduction in neural deficits associated with the CNS disorder being treated, and hence is characterized
30by an hprovERfhimERtRRal symptoms.

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 dese of this agent.
Alternatively, an effective amount of the at feast one regulatory agent may be

20  delivered intranasaliy to the upper third of the nasal cavity and/or systemically as a
pretreatment, co-tfreatment and/or post-treatment to application of the
pharmaceutical composition and/or therapeutic cell{s} of the present invention. By
“effective amount” is meant, inter alia, the concentration of regulatory agent that is
sufficient to elicit the desired therapeutic effect with respect to regulating the

25  development of a donor cell, as described herein. Accordingly, an effective amount
of the regulatory agent augments the clinical outcome of the cell replacemeant
therapy in comparison to animals treated with only the cell repiacement strategy. As
such, a therapeutically effective dose can be assayed via a reduction in neural
deficits associated with the CNS disorder being treated, and hence is characterized

30 by animprovement in clinical symptoms.

Methods to quantify the extent of neurologic damage and to determine if the
CNS disorder has been treated are well known to those skilied in the art. Such

methods include, but are not limited to, histological methods, molecular marker
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Methods to quantify the extent of neurologic damage 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 5quantitate

rotational Moyeren! At LA EAEHEREralie s ol b andifiane thay assay for balance
coordination, slowness of movement, rigidity, and tremors. Cognitive tests include memory tests and

. . g . . :
spatial learnifi§eIRESHEHR SRAeSaY0  RYeRRnPR ARt bR AR AT SIS SiEThYBAEE will vary
depending omthecdigardar: dabesikeskbinl ogierhattivgits bestefisiahtof theiveg dlataonef transported
therapeutic cell development incl fo m tentiatj ival roliferation of
the transporté%pﬁﬁ%eip pcégt?t?ﬁc}ggg’lI%?%rgngp)r}{b\rf‘egr%égn%Flgﬁkle%rgg)%%m?c@%@iﬁ%qﬁiﬂ?sy%%rt@g t %rgg[peutic cell to
establish Synapfetitaanetaionavmore st LIRS NAeFBr NesEQiS AP e fPEdB PRIt therapeutic

cell to commitrgsa sReclianasirBhkblincegediaihodscionassay suckreyanisgrie kaeyvn in the art. For
example, an improvementinhedury 'Yﬁ&é@rﬁo@?&%‘?%ﬁ?@SSQEtES‘HSH%‘fn el Jollowing the
administration of the reg%qatory agen?can € assayed using various non-invasive scans such as
computerize REEStEBRE PG IIISTISEAReHY O P SEAR] I afifcrizRasRM YR Y SSBRAAEE 6P magnet
resonance imgagiggdiNMR or MRS) or positron 20emission tomography (PET) scans. Alternatively,
transported therapeutic cell survival can be assayed post-mortem by microscopic examination of the

region of éransporteldesitacpinw et kerxitigsiaansficial PHba cegoratdtrahispurretiederapeutic cells can

be identified, §Qi-gxamplsaiy-reppviRa R maleakmarkess epastinter the ansarsiRfdtherapeutic
cells or alternatively, by prior incorporation of traceré?ges, 25Such dﬁ/es include, for %ﬁgmple,

rhodamine- oP RY{HELERIAL A6 TBESRRERS PREFRRUIS SENTL SMPYETSITH A T AT PHiR%ochemical
markers. Theteffieptitectmranevil ceperastonlistesyy fattorsrinetidimyitfothexarsipieithesCNS disorder

being treatedg g, MG ALAINSS e/l uRSSRIRR R e e AR R -AND e gasRORsiygness of the

subject undergoing treatment. It is further recognized 30 that the therapeutlcall% effective amount will
depend bh thEGRsE JYAIRER FhAsHed FRGURESH S O MM DR AT G PAMRC A that is desired O.e.,
potentiation afrbrensmeiviainathe /surpralifef dttoinaof tloetd raths pareediclvetiagelidigreethemprovement of the

capacity of thg AN SpORAINAEARGHISSS kiR RUAP IR SY ARG PSRRIt R ive

scans such as computerized axial tomography (CAT scan or CT scan), nuclear
magnetic resonance or magnet resonance imaging (NMR or MRS) or positron

20  emission tomography (PET) scans. Altemnatively, transported therapeutic cell survival
can be assayed post-mortem by microscopic examination of the region of
transported therapeutic cell transplantation. The region of fransported therapeutic
celis can be identified, for example, by assaying for molecular markers specific to the
transported therapeutic cells or alternatively, by prior incorporation of tracer dyes.

25  Such dyes include, for exampte, rhodamine- or flourescein-labeled microspheres,

fast blue, or retrovirally introduced histochemical markers.

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 further recognized
30 that the therapeutically effective amount will depend on the type of developmental
regulation of the transported 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 transporied therapeutic celi to establish synaptic connection with the
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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 efficacy and
dosage are known to those skilled in the art. For example, in Parkinson's disease, the neurons that
degenerate are the 5dopaminergic neurons of the substantia 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 areld-iRdyplkish dk 3N MOe RSt d ARAL20R) 4RRelNeN Pfed

pharmacologically active regulatory 10 agents to regions of the brain affécted by Parkinson's disease

(i.e., midbrain aR§@RELts ARG PRERTEHD NS AL SIS BT G REHEH WRHShtranasal
delivery of therapeitid<allsdtesniok afficaytiaati thes biroatdkavwoarribnie bypassedhe artAs used herein,
an "effective amount” of a regulatory agent in combination with transported therapeutic cells and/or

pharmaceutical compb Sty R ENhe figRAMe (B8IRSYFIRE HRISEIERRTSIfBIE fBFthe treatment
of Parkinson's diggastneringrfieadmmisiralicmntzihntoUlerpresaniényentigiedlide sufficient to

reduce orlessen the dlnjeaLsymplans f Rarinsents dseane.s sl an.effsaiip amount of he

regulatory agen??l.e., growt ministere the met of the present invention will
augment the ceirtsiEeEh@aitsRhRGR SPRIDAACICIIRYEINHE DD HeSPRTERtORBRThe treatment of
Plarkinlson's diseagsy e eoRsHBE kit m.e(mgquér@&thedm@nt:@mwhaé@@rﬁwﬁﬁaéﬁ@mr improve
clinical status of ted.animals, i risgn to animals treated with cell replacement strategy
alone. Improver‘igr?t9 %{n%(?fi\ﬁicéﬁogrpat{%?gﬁ%gﬁgn@%fﬁ% %?éjg$ér?ﬁc (5}88?4" raecfgren[b %'?Ilarﬁ)&ovement in
the ventrallfhesénerigraliedipas ¢fimbiain :8aviebPapemiossiaciERsdieedidtERIBRaCdecrease, an

increase in the depsityif stjialat reibReMateR-aRevaanhancemenhininewienaksHagyal (Torngvist et

al. (2000) Exp.y urol. 164:130- 138). . . Huntington disgase, is characterized rogressive
neurodegenera va%glﬁ cti]f%{ﬁ% ]('ﬁf(gegtc'rfgtﬁ?ﬁﬂaang 2 %eai,% ve\?ht?é: 09%86""&%3 YL |H$S§§%1gents in both

30motor and cognitivg\y%@ﬁgr&ygﬁméﬁg&h(@p}@%ﬂ}em %@@ﬁ&y%g{;ﬁgr&gmwa%ﬁnections from
the striatum to Ovtrgﬁrtrsétrggg})lfjtreedstﬁg?a%gdc’cict:hge sloa%lé?opglrlwiadrgnsact:gragi%%lhcompositions comprising
15 therapeutic cells of the present invention for the treatment of Parkinson's disease
using the administration method of the present invention will be sufficient to reduce
or lessen the clinical symptoms 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 wili augment the cell replacement strategies performed under the
20  present invention for the treatment of Parkinson's disease. Accordingly, the methods
of the invention enhance survival and/or improve clinical status of the freated
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 efficacy in terms of apomorphine-
235 induced rotational decrease, an increase in the density of striatal reinnervation, and
an enhancement in neuronal survival (Torngvist et al. (2000) Exp. Neurol. 164:130-

138).

Huntington disease is characterized by progressive neurodegeneration,
pariicularly in the striatum and cortex, which induces severe impairments in both
30  motor and cognitive functions. Current cell repiacement therapies replace inhibitor
connections from the striatum to other structures such as the globus paliidus through
the implantation of striatal precursor ceils. Delivery of pharmacologically active

regulatory agents to regions of the brain that are affected by Huntington disease (i.e.,
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the implantation of striatel precursor cells. Delivery of pharmacologically active regulatory agents to
regions of the brain that are affected by Huntington disease e., caudate-putamen, thalamus,
dincephalon, 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. 5As used herein, an "effective amount" of a
regulatory agent for the treatment of Huntington disease using the administration method of the

present Inverten e HeRLS EaRAb BRI ba ilaeLaxmRpEAIaAGID discace

Thus, an effective amount of the regulatory agent rowth factor) administered by the methods of

the present invérifie@hithavgmaverHe %F%%@%@@%@'WBHWWF%d under the

present inventiesripbéieritcaimeniaf Hunijegtercdisedsee Aesushintketvethodssat the invention

enhance surviva}I and/or improve %Iinical séatus of the treated animals in comparison to animals treated
. Blood- ra{m P rrer ||s gprfzsse . L : o
with cell replaceément strategy alone.” ITmprovement in clinical status includes, for example, disinhibition

Ef Ealli.dal qu(tjput, rledg.lg@g‘#gmg{h ggﬁ;y&@r@ﬁ Y 5M0‘-@ﬁ0¥€5%’1‘@%l99w Séé,ﬁmm%mtfm@itive |
ehavior, and restjtution of new habit-learning, systems in the lesi striatum. See, for.example,
Biorklund of al SIS B R RN UTa, T S PCAIBN TR NS B Ee SR HR ot ot o,
(1995) Behav. BrainffRies! 86ra@3:d 4P |aeeerltibatilicgl S98piiats MddltiTRprdocfaifiléral. (1998) Nat.

Med. 4:963-966,, Riasifn Shiddd LR PgGihilaf6ad SCirkisA RBI3NSMHRE RO Wictorin
etal. (1992) Frog. Neurobiol. 38:611-639:; all of Yvhlch are hereE incorporated bﬁx reference.
Administration g?%%%ﬁﬁo%é’é%?ﬁ@@" 'Met o%‘éggllefPJ}érﬁrgg RERIRGEMEH SHfBe'Suficient to

improve thé cliniwainoote paréoohede.satintisl acesarhttestapyoSihetrastagst cdmibetirgdelily used by one
skilled in the arg;ta glefexming the JRsas ARNaRARLAL AP BRPRHALS IRV /8RN Qf£hoice for the

25effective treatment of Huntington disease. Ischemic damage to the CNS (and resulting cell loss and

m | . \ (and,
death) can resGHYRI F51eSiARTIIE e GAE A5 L2 CBMRBIERAAP ZRERE'B dGBEBN BrGlrebral artery
occlusion or strekachieanaktmagisaidthe NS darradgedifodiavsiat amsctiesniorexeniiave been

reconstructed YNNG BoldERIoRRIc AR P skt orBlRRLisahRgs everts.

implantation of embryonic striatum into the dama?ed striatum gHo_d es et al. (1994) Functional Neural
TransplantitioMECIREK $eIPIiVE P eBAY % s8N ARF IHERItANBY ORREIFBNY eSS dMNE human

teratocarcinomagiefidihstriatum. See, for example, Bjorkiund et al. (1994) Functional Neural
Transplantation (Raven, N.Y.), pp. 157-185; Dunnett et al. (1995) Behav. Brain Res.
66:133-142; Kendall et al. (1998) Nat. Med. 4.727-729; Palfi et al. (1998) Nat. Med.
4:963-966; Brasted et al. (1999) Proc. Nail. Acad. Sci. USA 96:10524-10529; and

20 Wictorin et al. (1992) Prog. Neurobicl. 38:611-639; all of which are herein

incorporated by reference. Administration of regulatory agents by the methods of the
present invention will be sufficient 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 regulatory agent of choice for the

25  effective treatment of Huntington disease.

Ischemic 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 reconstrucied using various cell replacement strategies. For instance, for

30 focal ischemia events, implantation of embryonic striatum into the damaged striatum
(Hodges et al. (1994) Functional Neural Transpiantation {Raven, N.Y.), pp. 347-386)
and implantation of neurons derived from a human teratocarcinoma cell line
{Borlongan et al. (1998) Exp. Neurol. 148:310-321 and Borlongan et al.(1998)

25



(Borlongan etal. (1998) Exp. Neurol. 149:310-321 and Borlongan et al.(1998) Neuroreport
9:3703-3709) have been performed. See a/so, for example, Hodges et al. (1996) Neurosci.
72:959-988, Sorensen etal. (1996) Exp. Neurol. 138:227-235, and Sinden et al. (1997) Neurosci.
81:599-608. As used herein, an "effective amount" of a regulatory agent for the treatment 5of ischemic
injury will be sufficient 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 cellyigplareiBeRiHAlagiRg FATRBeRYRATEE RECHLEING: IR 6365¢da\ention for

the treatment of an ischemic m!ury. Improvement in clinical status includes, for examgle a reduction in

10 infarct size, eBeM& BRI HSirGroge AERCRS T CThThPhVEd TRt BYRr BRI ofar ¢ Fligg’r%/
vestibulomotor, samd/GirstEmateseiS6ry Newctien) Bifle¥emMents further encompass a reduction in
neural deficits, and hence improved recovery of motor, sensory, vestibulomotor, and/or somatosensory

function. Methods to déteHARRTEI iSEhEfFERGAT ALY I &resiirly peartdmiifaligst®iegard to
reduction of EchenuctdanaigRineludagintakeitstz sscedenaieanchday elonrapnimbtoaisral theficits, are
well known to th illed in th or.e le, i ic inj ' ignificant increase
i tho doncity of SICHISABEI Uik MAUABING AIIHECHAT IS JUdty JBE IR doo)
Brain Res. 522:2n580eRsin sbid et iBrsaler ditadaareniiehrehmriass pani sEatesi#ddetermine

the extent of ischeymieslamagrrbee det@uary pieh &ptisehain(200) Brame Resns?? @%h307 and
references cited therein. Alternativel . ' Prgtein-43 (GAP-43) can,be.used as a
marker for new a&%ﬁ% &th5¥'&\%€3¥$§ éﬁyﬁl '@E%%%gunt.'. %@%r%&%ﬁﬂéés?rge&%@ogta. (1995)
Stroke 26:21B5-71fairt 4178 \P4atEn8NEY Rl NELUORPT JEHED St 1 BTPORBHACe VERECfHBP e utic effect

may also be 25 gepastredaimpresehmntekskiltRegoit varfungtiomsensannrereemsion, speech

and/or a decrease in the Qro e@sity to .seizurq in %het mammal under oinog treatment. Such
: encomPa S ciet uction in neural defcits, and er}f;e nm) E] reco%er%o.mo ar.
functional/behaviortests Used to assess sensorimotor and reflex function are described in, for

example, Beders#iiiearsl VEEIBB P SR skeal ?/a7 oA D8RI KUARLI0(1992) Brain Res. 573:44-60,
Markgraf et al. (1992) Brain Res. (?75:238-246, Alexis 30 et alnél 95) Stroke 26:2338-?34_6.

Enhancement of neuroigh S ARATARS BR e Nr&Y YdiRgRES Rifth PR SIS S ale (SSS)
or the Barthiél IndegarSiehedsstiys eliachemadiy ase thbydme islaiiddiretiedameaiadetermine the

dosage range apg(RIARRARSIHELISAUARE, agantiPkehinio tbteealiastiveugatmgnt of an ischemic

event.
exampie, after ischemic injury, there is a significant increase in the density of omega

3 {peripheral-type benzodiazepine) binding sites {Benazodes et al. {1990) Brain Res.
522:275-289). Methods to detect omega 3 sites are known and can be used to

20  determine the extent of ischemic damage. See for example, Gotti et al. (1990) Brain
Res. 522:290-307 and references cited therein. Alternatively, Growth Assaociated
Protein-43 (GAP-43) can be used as a marker for new axonal growth following an
ischemic event. See, for example, Stroemer et al. (1995) Stroke 26:2135-2144, and
Vaudano et al. (1995) J. Neurosci 15:3594-3611. The therapeutic effect may also be

25  measured by improved motor skills, cognitive function, 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 refiex function are
described in, for example, Bederson et al. (1988) Stroke 17:472-476, DeRyck et al.
{1992) Brain Res. 573:44-60, Markgraf et al. (1992) Brain Res. 575:238-246, Alexis

30 etal (1995) Stroke 26:2338-2346. Enhancement of neurcnal survival may aiso be
measured using the Scandinavian Stroke Scale (SSS5) or the Barthel index. Such
assays can be readily used by one skilled in the art to determine the dosage range
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For purposes of regulating the development of a therapeutic cell(s) of the present invention following
intranasal transportation into the CNS with bypass of the 5blood-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 regulatory 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 10weight. It is
further recognized that a lower dose range of cerfain regulator nts (i.e., ADNF) may be preferred.
I those embod N e L SO RO Db B e SN S Sy o about 20
ng/kg. Alternatilgeieiiesegiliatory agent can be administered at 0.2, 0.4, 0.6, 0.8, 1, 2, 4, 8, 12, 15,

18, and 19 ng/kg of bady weight. 15 Antibiotic nts In various embodiments, the present
invention may further L ANROE S LRI S MEL R G RFTER b RIS SOl GHEH Rvely at feast
one antibiotic(spnesstmeatvartitratdiuwisteirdtapaiat toapppditationiofotie tHiBrwibduyteab cdringosition to

the upper third ghe PSR AU BA:REHEIHe HARYCABMIPaiantaaReliC.2ABsRIBEL the patient
undergoing therapeutic cell therapy. Further, the antlblotlé:jgs%g}aﬁ be delivered as aﬂpretr,eatment,

co-treatment afaYOr I ARE R TEN CYRERT Ry R ars B ERAER4S TR HPERSAN ¥ BEMHe nasal
cavity. The utility bsusboanhldiimotig éerheut hWithip/Kaeopbesenéiprentiberis tivatgdibee the risk that

bacteria found  {heaAsab AV MR-ARIETIRRAARY dissuas @ he siRperdhi b eidhi rasal 25cavity

during application of thé therapeutic cell(s) and/or Eharmaceutlcal composition, cross the blood-brain

barrier and infe@L4tHEPRiS 08 sttt the N CParibulaf tiséud S of Eontéih MR BMare not limited
to, the brain, menigige §, iblootiespnad tieed, thadadtiver giesp nangetisseiArpgefaioategami®diment is to

pretreat and/or pinuligNepHly fiealios pate v ARKAIRNAIER) woeadledsIusty: deppancement

agent(s), e.g., hyaluronidase,’is applied to the upper third of the nasal cavity. Exemplary antibiotics for
use in the pres@AMRRIRSHTOBHADRE HupRile, AN YAt AHRBRIVG M Bt G SeBiRiMoxime,
penicillin, streptaysycianhditadronistired antldotic, eithe &long, @, ) coMbindjando asgsiginfprotecting
the patient Wh%ody weight,

15 Antibiotic Agents

In various embodiments, the present invention may further comprise an
effective amount of at least one antibiotic, or alternatively at least one antibiotic(s)
pretreatment administered prior to application of the pharmaceutical composition to
the upper third of the nasal cavity may be used, or any combination thereof, to

20 protect the patient undergoing therapeutic cell therapy. Further, the antibiotic(s) may
be delivered as a pretreatment, co-treatment and/or post treatment systemically
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 fissues at the upper third of the nasal

25  cavity during application of the therapeutic cell(s} and/or pharmaceutical
composition, cross the blood-brain barrier and infect other tissues within {he CNS.
Particular tissues of concern include, but are not timited to, the brain, meninges,
blood, spinal cord, and other peripheral tissues. A preferred embodiment is to
pretreat and/or simultanecusly treat the patient with antibiotic(s) when the delivery-

30 enhancement agent(s), e.g., hyaluronidase, is applied to the upper third of the nasal
cavity.



is receiving therapeutic cell(s) and/or pharmaceutical composition of the present 5invention. 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 conjunction 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. 10
Immunosuppressive Agents Alternate embodiments of the present invention may further comprise

an effective amo““E%@gbrlﬁéﬁér%?oiméﬁmé@%ﬁ%@e%ﬁPJeWnSH'&gﬁ‘%é@%\ﬁ?m@%,Of the

therapeutic cell(s) ti rotection from inflammatory response and/or activation of host
immunocomSERE Ce BEMABY M RS SGI FESBINXABE N Hi Y BECRBMEHTertiRither as a
pretreatmentpsimtdmhemmsbltmmmmerapeubiioaiemsaa asdvgri@bmwﬁeadampmion and/or _
post-treatment %cﬁﬁ%ﬁ?ﬁ%ﬁ%%‘éﬂ?&@é‘ﬁ and/er @?gﬂﬁ%&&ﬁ%&%ﬂ?ﬁﬂ%&'BFthéLb‘F*e‘s'ERE“U”OSUppress"’e

therapy in combinationm w e therapeutic cel ind/or pharmaceutical composition applied to the
upper thifd of i@ fialailCREERTSHAP AR SHHIVEN T (RapremRis IO WARM FARCHESN
immunocompatené ealls afsthal GG abasal Jgiiasa Bntdrined eatipaihwayebetwesodhe nasal mucosa
and the CNS d%ﬁ‘ﬁﬁé‘t‘ﬁué&?ﬂ@rﬂé@ﬁé@ﬁﬁHHFQSR#%RWE RERRANILE AR piagmatory response

and/or activalion of host iImmuRbeompetent cells may result. This series of events will decrease the
therapeutic cEIREPSYHA FallsTHE efdreamasRinieal pRTESS BRI Shayseapsehssieet, prior to,
during and/ongdtesshetripplicaipn-abihevapauniecess totestapesdhisd obifaaasal cavity to play a
crucial role in the survival and viability of the therapeutic cells. The immunosuppression agent(s) may
be appli€d inframunasupPiessipg ARt of the nasal cavity and/or systemically. Conventional and well
known immunosuppressive agents that may be used alone, or in combination, in the 30present
invention comprise %W%@i?o?[ﬁ@oﬂ'm%%ﬁﬁ%{]'%,pﬁ‘?éa'?ﬁwSH%?%E?tHUBH%?WH%ﬁ[ﬁ%dnisolone,
mycophenylatéfeninghetibantesisoleattnénothenasuppressiveagssive agemcedhgprisbisitapplication of
genetically englnaerakaelis argsing BeEanliond niliamassyuabiarapgrfion  In addition

to the effective amount of at least onetherapeutic cell administered to the upper third of the
mammalian rEHPEARIR) NaTS HEPHECERMESISB FRISsitiOR MAHDESYPRIRE ¥E A4RMKEBUPR the upper
third of the naiziileadtyitianels a pretreatment, simultaneously with the therapeutic cell{s) and/or

pharmaceuticai composition and/for post-treatment of the therapeutic cell(s} andfor

pharmaceutical composition. Such immunosuppressive therapy in combination with
the therapeutic cell(s} and/or pharmaceutical composition applied to the upper third
of the nasal cavity will improve the survival of such cells.

20 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, inflammatory response and/or activation of
host immunocompetent cells may result. This series of events will decrease the
therapeutic cell(s) survival. Therefore, immuncsuppression agent(s) may be

25  empioyed, prior to, during and/or after the application of therapeutic celi(s) to the
upper third of the nasal cavity to play a crucial role in the survival and viability of the
therapeutic cells. The immunosuppression agent(s) may be applied intranasaliy 1o
the upper third of the nasai cavity and/or systemically. Conventional and well known
immunosuppressive agents that may be used alone, orin combination, in the

30  present invention comprise cyclosporine A, tacrolimus, prednisolone, azathioprine,
methylprednisolone, mycophenylate mophetil and siroiimus. Another
immunosuppressive agent comprises application of genetically engineered celis

expressing the Fas ligand.
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5pharmaceutical composition may comprise, in addition to the effective amount of at least one
therapeutic cell, for example, the composition can comprise at least one regulatory agent as described
supra, at least one delivery-enhancement 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
10 pharmaceutical composition of the present invention may be combined with pre-, co-, and
post-treatment with any combination of systemic and/or application to the upper third of the nasal
cavity of the apleasiaiiiRguéans&gabh delivery-enhancement agent, antibiotic and/or
immunosuppressive, agent, /\Tona e llernalives fnat may becombined with ierapsutic cels in the
15pharmaceutical composition are de |very-e%ancemen agen?s, suchas pop%lmz agerﬁs, that can
enhance absoiptivnuepeidvehoiderpagerdianoash oaimrcobarmaepitiedl genpgcnaBay cavity to

reach damagest apdiRbdrgenaraling sl dpssEiNg dMied padRiesViRISUcmay be mixed with a
lipophilic agent or adjuvant alone or.in combination with a g

L rrief, Qr m qQ.e combin?dfwith one or
several types BPITRRANG CRIRSHE IR EHTRRLS A RATRD (hdhs R NS AR BB R nces are
cationic liposolrss dnel thirapewies oe infresatphiss phatdyircsd|ec dipofwepns OO AR coethe like. A

preferred delivgpyng Bg@ﬂﬂ%@tc%ggﬁ%é‘@@@%%? Ryt sase NBivhshasnhegrehserved to very
significantly increase delivery of therapeuti%icells to the CNS 25when a@glied to the upper third of the

nasal cavity aSIHBPA PiRFeatifant 105 TREHS BLTO A1 IR &' BrESE Gnvention, or as a
component of Zgerpheiaradestitwidcarnpositions vdlieidise) dserbiveintc ioéHs dhehe present invention.
Alternativig, deliyepr 2ol aRaemRH-RBAEERsREseP R BBIN-A RIIAlRRANAYC e agtivity. These
delivery-enhancement agents, e.g., hyaluronjdase, I|Poph|I|c, 30 agents, neurequlin and

migration-ind PSRV TR Wﬁ%@&%ﬁ‘ﬁ)ﬂ?ﬁi@ﬁ&? OISR B0HBI RS 18 ERHBR LBRlivery of the
therapeutic ceitsrtioofhipeCidSh beaotdoidhim dhiegstesentapvietttig mgEht radreryagribast@ament
delivery-enha%%megﬁtﬂg@&t éﬂaﬁépﬁn\‘}ﬁ%%&@@v@%@ﬁ@t to transportation of the therapeutic cells
and/or pharmaceutical composition and/or as a component of the pharmaceutical composition
comprising therapeutineedishd Bieephaiveadelitica) cerapasitiod eftthegepserit iksigrtiemnemay further

15 pharmaceutical composition are delivery-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 celis in the
CNS. The regulatory agent may be mixed with a lipophilic agent or adiuvant alone or
in combination with a carrier, or may he combined with one ¢r several types of

20 micelle or liposome substances. Among the preferred lipophilic substances are
cationic liposomes inciuding one or more of phosphatidyl choline, lipofectin, DOTAP,
or the like.

A preferred delivery-enhancement agent comprises hyaluronidase which has
been observed to very significantly increase delivery of therapeutic cells to the CNS
25  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 composition comprising therapeutic cells of the present invention.
Alternative delivery-enhancement agents comprise neuregulin and migration-
inducing activity. These delivery-enhancement agents, e.g., hyaluronidase, lipophilic
30  agents, neuregulin 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. Therefore, at least one delivery-enhancement agent may be used

as a pretreatment to transportation of the therapeutic cells and/or pharmaceutical
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comprise at least one antibiotic, or alternatively an antibiotic pretreatment prior to 5application 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 antibiotic 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 invention is to reduce the risk that 10
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 infecEYTRSSHOS AR AMAITETCRQEE B SHIREIBN LR RES R SREVPSIHMLEREIR 2% e not limited

to, the brain, methimgesutidaadis spinal cord, and other peripheral tissues. A preferred embodiment is to
15pretreat and/or simultaneously treat the patient with antibiotic when a delivery- enhancement agent
such as hyaluronidaseﬁ%%}ﬂf@tﬁ@i‘tﬁ@?Edl@'ﬁ@%‘tiﬁ“e?bw&rﬁﬁa%@’dtieﬁ?%?ﬁﬁﬂ)%YJ AP the upper third of
the nasal cavity. Jokgmdalty eusibiodics fbiotseonsierpiRssninnyanisit cosmeEsasmuRiceen, defensin,
gentamycin, geneticin, cefminoxime icillin, streptomycin..xvli I her antibiotic, either alone
orin combin%gtior? %q'glésktsl?s %%?o@gﬁg%@égt%ﬁ% g@% {rgeléﬁe(%!vgﬁg ?ﬁé’ﬁ%é&%%é%ﬁ%sg‘%ﬁ'é}’/or
pharmaceutical &t#v\pesifien 6f 8y srResinaivrdhamef TAEQRCHINGRHMIBRtWIYREENENIn nasal

treatments is widgdyeR@cediimdiediieralmreamyiiineisaadilyy eeeanizeddusthesiiiagarisan. The

present invention nﬁaey further compris at least.one |mTunoquprg§]%}|}/§ %?z?ga%%gd?u\éerﬁg either as a

pretreatment, sifu raﬁ%%"stlﬁ%t%rﬁ%s ﬁ'"é“’raa‘%‘éaﬂh‘c*"é%n(ﬁ Elh oryp%arma i mposi ior and/or

post-treatment offtRecthensndibisic sls)sanh #thp e Rrasenitioxe aterps siiwdusStibie ifsiiigbsuppressive

therapyhi_ndqcv}mﬁmtﬂam?wétkhm §ﬁewﬁsﬁglK@Wﬁ%@;@h@ﬁg&aﬁﬁusﬁﬁmﬁpgﬁqmwlied to the
upper third of t nasal cavity will Improve tne suryival of sucn ce nt ost ..
immunocompet(:fﬂ‘te CERE'S \ﬁ&é( &‘M@g ﬁggg??ﬁ%gsghgﬁlhe{ﬁgeﬁjgﬁr% ﬁ;g%\vv%d’)?rboil%ggﬁetﬁtécﬁlasal mucosa
and the CNS detacipheitgpkeck thibeableatd it dafiigreaprdstant pthentissyaaftdimmieyN8sponse

?hndfor acttivatiﬁgr%ma%wﬁ@ﬁmﬁl&mw@% iﬂ%hi?cﬁﬁﬂ%%r@#ﬁ%?ﬁ#iﬁd&?creafe (tjhe_
erapeutic cell(s) survival. eretore, Immunosuppression agentls) may ne employed, prior to, auring
and/or after the & %éﬁ&ﬁ‘ﬂ%%ﬁ%%@?@%@ﬁ%ﬁﬁe ﬁ’l’ﬁf f gﬁ&%&”&%%ﬁ 18 play a crucial

role in the Surviviadetnedtiatititysiofuthentterslp bedt tbelfatEhewiimantioetippressianaigent(s) may be
applied intranasaliy1a aihe-wRaeRtalieholdhs nasal Ladh anslies fiemitalnGeogventional and well

known _ . _ .
pharmaceutical composition, to the upper third of the nasal cavity.

Exemplary antibiotics for use in the present invention comprise mupirecin,
defensin, gentamycin, geneticin, cefminoxime, peniciliin, streptomycin, xytitol, or
20  other antibiotic, sither alone or in combination to assist in protecting the patient who
I8 receiving therapeutic cell(s) and/or pharmaceutical 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.

The present invention may further comprise at least one immunosuppressive
25 agent delivered either as a pretreatment, simultaneously with the therapeutic celi(s)
and/or pharmaceutical composition and/or post-treatment of the therapeutic cell(s)
and/or pharmaceutical composition. Such immunosupprassive therapy in
combination with the therapeutic cell(s) andfor pharmaceutical composition applied
to the upper third of the nasal cavity will improve the survival of such cells. When the
30 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, inflammatory response and/or activation of host
immunocompetent cells may result, This series of events will decrease the
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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 10expressing the Fas ligand. Further, the pharmaceutical composition of the
present invention may comprise any pharmaceutically acceptable additive, carrier, and/or adjuvant 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. By "pharmaceutically acceptable carrier” is
ntonded a AR RIS B S RS (e S e 1AL STURA S ainistration, and/or
the biological&mivitpbitierigpdutiocetsyr afiguiapapriganets pidedvmg-énhaisetadhmt agent(s),

antibiotic(s) ansher IR ENPBUREE SalE, 30 B WIthitial Pharm ace LAl AP o=iSan of the present
invention.. A %arrier may also reduce an§ undesirable 20§Lde effects of the comgom—i:nts of such a

pharmaceutic JECIRPEEHOR. ATGUIBI RaYRRICSRISIASE STABIRY P& 2RRISH AR 3754 g with other
ingredients intitke fpentileitonihe sleealdndy protioceysignifieint Doayertsystemitvedvarsereffect in

recipients at the.fosa06s 4R 6 AERRUORE F BIlR¥e G NI eRIMEhorIkR SN g are generally

known in the art. 25Suitable carriers for the various embodiments of the present invention include

those convenRiGHaN el 08 MY & SRR o R YD Y S A8 2R (9 n 252MHAR Bl agen,
polysaccharidegtmdipresaisciarid esqoelyaiyizisymotiten enpaiytzicticsacidopwyglycolic acid, polymeric
amino acids, i Rl RIRM Al alR-RBRRTES SROSRSUCIRREIlaRISR, MRRRPSg dextrose,

dextran, cellulose, mannitol, sorbitol, 30 polyethylene glycol (PEG), and the like. A further
pharmaé@utic@fﬁfﬁ?ﬁﬁ@sﬁ%ﬁ?ﬁﬁ?%prise microparticles, organic and inorganic compounds serving

as an adherence mﬁ‘{ﬂ@”‘{ﬁé%ﬁ aqﬁ{ggg[ﬁ[&g!%%ungggﬂm?q%e&gggﬁm@%a&ﬁ orted to the CNS in

various embodiments of the present invention, thus diminishing the loss of cells transported from the

nasal mucos&0 BHECATS PHHERCEIRPOUARIS RS reitifeeseaaiRN IR A dbyYiiRasslecules, gels
(ser\{ing as anreﬁmﬂ@ﬂu&atm@‘[eﬁme@ﬁéiagemmﬁial dﬁfmhegreﬁs)sﬁmmm@t@defm@acellular matrix or
matrices, and,ergai ATFISTINGIgANG PATIFSS Y A3 TR 8 flyancei garbon-or clay- and

dextran 5part|c9es and their compaosition. saline, aqueous d xtrosg,' and glycols are
preferregsliquid carngrssRantissiativ(yaebeisetopicafarselitionsed Besaeiensas be selected from

various olls, ingluding e of petioleum, animal, yedeiable o synihellg orian, for,example, pean
oil, soybean oil, mineral oil, Sésameoil, an e like. Suitable pharmaceutical T0excipients include

starch, cellulduelotite] ghtictsef therapevisuettise, 'galagiennaaientse, dRlverntsakeikozegel, magnesium

stearate, SOUBHBHERERE SIS BhINENRFHSARIDFOsiNE LJuaridenidricg-skinadsilkcglycerol, propylene

glycol, water, ethanol an me like. The comcposHions can be ub'je ted to congenti%nal
composition of the present invention.. A carmier may also reduce any undesirabie

20  side effects of the components of such a pharmaceutical composition. A suitable

carrier shouid be stable, i.e., incapable of reacting with other ingredients in the
formulation. it should not produce significant local or systemic adverse effect in
recipients at the dosages and concenfrations employed for treatment. Such carriers

are generally known in the art.

25 Suitable carriers for the various embodiments of the present invention include
those conventionally used for large stable macromolecules such as albumin, gelatin,
coliagen, polysaccharide, monosaccharides, polyvinylpyrrolidone, polylactic acid,
polyglycolic acid, polymeric amino acids, fixed oils, ethyl oleate, liposomes, glucose,
sucrose, jactose, mannose, dextrose, dextran, celiutose, mannitol, sorbitol,

30  polyethylene glycol (PEG}, and the like. A further pharmaceutical composition may
comprise microparticies, organic and inorganic compounds serving as an adherence
material for the celi(s) and cell conglomerates that may be transported to the CNS in
various embodiments of the present invention, thus diminishing the loss of cells

35



pharmaceutical expedients, such as sterilization, and can contain conventional 15pharmaceutical
additives, such as preservatives, stabilizing 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 fluids and have a pH within the range of 4.5-8.5. Other acceptable
components in the pharmaceutical composition comprise, 20without limitation, isotonicity-modifying
agents such as water, saline, and buffers including phosphate, citrate, succinate, acetic acid, and

other organic ?r%‘r%%?été@%ﬁ%@ nE%Bi%HXoéQ%%%rEﬁﬁ?%‘é@&c@éﬁ@ﬁﬁﬁ%@ﬂéo includes one

or more stabilizers, reducing agents, anti-oxidants and/or anti-oxi atin ents. The use of
buffers, stabili$8Y§r#e AYeaHEE ARISEKIGENSS B ASPERETH §ragfFRRSIH RO RRERdIRGioN of
protein-based memgFiians censlicidabyqirasropeatiteal compasitionaatsore| ldaosgeidhe art. See,

Wang et al. (1980) J. Parent. Drug Assn, 34(9).452- 462: Wang ef al.(1988) J. Parent, Sci. Tech.
1290626 (SOHOIRHE TG RS oo er (e e ALER o, TS, 4o, ana
146-148; Akerga(lidgs pndprgérenpasiierh. 36(5):222-228; and Methods in Enzymology, Vol. XXV, ed.

30Colowick and Ka I, "Reduction of Di%ulfi[de Bonds 1n Piroteins ith Diﬁhio.gureitol " by Konigsberg,
pp. 185-188. Variou Smbodiments of the ﬁﬁaﬂr)r%%caéjuti%gli:?:grﬁf)eogfﬁoenwggth%ﬁ r%asre”reﬁhvention
comprise suitaisigituifidr $virsh secaietiteseldijcate, Thernasaees coitrbteselecietdramaletiee’sphosphate,
tartarate, ,bor%s,tﬁmwer@mwlmm@, VRS, AYRiRS AN fortBLRilS, Pf various
amino acids, or the like, or comblﬂatlons t‘he eof. See Wan%%gj}g%zipr%%t 'Faé%e 455, ,SLTtabIe salts
and isotonicifi@feTtBHE QRN HighEE' g x??é@gfen%{hﬁ'ﬁ kS L,”‘i? 20 fnﬁF?chg ike.
Various éihbodigipetsointhedp starpacmsiiticziec dahp gsitioseofatiogsressntsavesdon. mal further

comprise suitalle fRAHGAGIAGARES Wik mARIAISdhee didion eldsduced eyieines, include
dithiothreitol (DTT also known as Cleland's re_a(g;en,g1 or_dlthloerP/thrltoI at 0.01% to 0.1% wt/wt;

acetylcysteineanwg?éfﬁéea??pm chloride, dried skirh milk, giycerol, propylene glycal, water,
ethanol, and the like. The compositions can be subiected to conventional

pharmaceutical expedients, such as steriiization, and can contain conventional

15 pharmaceutical additives, such as preservatives, stabilizing 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 isctonic with body
fluids and have a pH within the range of 4.5-8.5,

Other acceptable components in the pharmaceutical composition comprise,

20 without limitation, isotonicity-modifying agents such as water, saline, and buffers
including phosphate, citrate, succinate, acetic acid, and other organic acids or their
salts. Typically, the pharmaceutically acceptable carrier 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 chelating agents in the

25 preparation of protein-based compasitions, 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. 42:54-526 (Suppiement); Lachman et
al.(1968) Drug and Cosmetic Industry 102(1):36-38, 40, and 146-148; Akers (1988)
J. Parent. Sci. Tech. 36(5):222-228,; and Methods in Enzymology, Vol. XXV, ed.

30  Colowick and Kaplan, "Reduction of Disulfide Bonds in Proieins with Dithiothreitol,”
by Kenigsberg, pp. 185-188.

Various embodiments of the pharmaceutical composition of the present

invention comprise suitable buffers such as acetate, adipate, banzoate, citrate,
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10 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 bisulfite, sodium sulfite, sodium metabisulfite, sodium thiosulfate, sodium
formaldehyde sulfoxylate, and ascorbic acid. Suitable chelating agents, which chelate trace metals to
prevent the trace metal catalyzed oxidation of reduced cysteines, include citrate, tartarate,
ethylenediaminetetraacetic 15acid (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, and k?:!t%,(ﬂn%?esa?té%ﬁ{ésgﬁ%Q%ﬁﬁa}‘t‘é?%rate,.tP{(ﬂéJﬁéb%W‘Qﬁﬁﬁé?n%[ﬁ?ﬁe?hafmace“tica'

composition o t?‘le_ present irvention may ef comprise or _ preservatives such as phenol,
cresol, 20paragfristR i aciistiEn s Ahe sAltrat At ANS ABRWIRS dSe AZEIRGKRIEST chloride, or the like.

Suitable stabilizgrsimgiveeisarhahydearemgycbss sighalese-0e glyeerbtsbreeapasition can include

a stabilizer sueh,asane,or more shamicragiysialine eelllose, madnesium sigarale, mapaiol. or
sucrose to stabllize, for example, the physical form of the composition; and one or more of glycine,
arginine, Hydréilgzed 25collagen, or protease inhibitors to stabilize, for example, the chemical structure

of the composition. Yarious embodiments (ﬁf}%}h%%harma%e%ical corﬂ 0si %1 of the present invention
may also comprise s a2 %T?BBE‘H&%HE 3& 8GR 89(%%? %\nc%l %EE‘?Sﬁ roxypropyl
methylcelluloseyestidoroaicfagisr algirztes shivvideieitGusagints, déigranzimaltoiextrin, dextran

sulfate, or the Jike,cfhie somnRstiep A Ghurlrarigmwsilier 84Eh Asglyrraaie A pglysorbate 80,
pluronic, triolein, soybean oil, lecithins, squalene and squalanes, sorbitan treioleate, or the like. The
S Sl

pharmaceuticaf g8 FER e B P Ie uRREY QIR 8 IRELEHE drifimicrobial
such as phenyiteth§¥alcbtibE)parn tlioghesth st zEkdnibYctioridi 8, ipAdh exgeghamidlpohlorhexidine,

thimerosol, or heg like-anitakiedickere s nGHdanaErabarsagrhaddasaurd assnprnans,

arabinans, 5alginate, hyaluronic acid, dextrose, or the like; and synthetic ones like the PEG hydrogels

of low molecuI%(Wb@?gtﬂi?%fﬁf@tﬁf&@rwgh%ﬁ'éwEh%ﬁﬂfﬁéyféﬁn@m%@m%é&Efﬁtﬂ?e
pharmaceuticahetatippsiomnsoiviiehpresets frventietals to griednvibetivesp heatal aedaliicad composition

may further cospprss iugiude aa adiant SHaNASARRA timathy ammeniyariomidecBRSA, cholate,
deoxycholate, 1onl¥)sorbate 20 and 80, fusidic acid, or the like. Suifable sugars include glycerol,
15 acid (EDTA) in its disodium, tefrasodium, and calcium disodium salts; and

diethylenetriamine pentaacetic acid (DTPA). See, e.g., Wang (1980) supra at pages
A57-458 and 460-461, and Akers (1988) supra at pages 224-227.

Various embodiments of the pharmaceutical composition of the present
invention may further comprise one or more preservatives such as phenol, cresol,

20 paraaminobenzoic acid, BDSA, sorbitrate, chlorhexidine, benzalkonium chioride, 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
celiulose, magnesium stearate, mannitol, or sucrose to stabilize, for example, the
physical form of the composition; and one or more of glycine, arginine, hydrolyzed

25 collagen, or protease inhibitors to stabilize, for example, the chemical structure of the

composition.

Various embodiments of the pharmaceutical composition of the present
invention may also comprise suitable suspending agents such as carboxymethyl
cellulose, hydroxypropyl methyiceliulose, hyaluronic acid, alginate, chondroitin

30  sulfate, dextran, maltodextrin, dextran sulfate, or the like. The composition can
inclhude an emulsifier such as polysorbate 20, polysorbate 80, pluronic, triolein,

soybean oil, lecithins, squalene and squalanes, sorbitan treioleate, or the like.



threose, glucose, galactose, mannitol, and sorbitol. Various embodiments of the pharmaceutical
composition of the present invention may further comprise one or more of a solubility enhancing
additive, preferably a cyclodextrin; a hydrophilic additive, preferably a monosaccharide or
150ligosaccharide; an absorption promoting additive, preferably 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 promote residence time of the composition at the site of

administration, pref@@@%ﬁ@@@@ﬁ@%b@@#@@@?% %}@H@Hﬂw@hﬁ@ﬁ @lﬂmiﬁtﬁ@tﬂ a hyaluronic acid,
or a 20chondroitin sulfate; or a sustajned release matrig

, preferab olyanhydride, a polyorthoester,
o yarogel o FATRCSRE GO% POm A0 & Hane PORRR A BAMICRIETES, B Edices (SLG). o
depo foam, a seaeetkonicrospiwrde arreneiiEtesdetiVethéxides!, dyisternsel. lpithddsed carrier,

preferably an gmySiofiddRISARR R RIASRAING IR RIGRIR JRR SOMBRREIAN £apHarkide a bilayer
destabilizing additive, 25prefe_rab|3éda1£)hosphat| | ethanolamine. a fuso%enlc additive, preferably a
Y

cholesterdl heHBEEERyaLroN! Rrseettila Ly ReNFSLaaaEHER RSude a solubilizing
compound to bydrapels sfablity @étharegightoaycgentroetiiotogicaibperctive sgeranintbeteof For IGF-1, a

preferred solulilizing FogRt éﬂﬁmﬁtieﬁ%iﬂ}ﬁl;ﬂg%gr@ﬁ%ﬁé@%é@ﬁ@%ﬂﬁﬁ of enhancing its solubility.

Examples of such solubilizing compounds include the amino acid arginine, as well as amino acid
analogs of arginine that iretehtvi @radeibcsateahesapsedohitiynoiber Lanpiglogicaty aative variant
thereof at pH reater S "Hﬁl%i > Wi limigation, dipenti ipeptides that
contain arginir%g?.u%}%enhar?csi%?ghgps%u |I?Jity isq??lq[ﬁ]ge ﬁ%?gaas%l%\gt é?ga{%ﬁggﬁﬁg%ﬁgf\%/th factor or

biologically adtRESPER R RMaNSARNAEEM A RELBRES P YRR PUIRHNS uds Areitdr in the presence

of a guanidinitiress¥)tginingece@poond aompaiedrio sbebasnount of this protein that can be dissolved at
pH 5,5 or greater in a solution 5 with the same components but lacking the guanidinium-containing
compound. The abili{grsig goeerdimans-ebivertiagnesaipisahertoresitancd theerseRebility of the growth

factor or biologicathbACHs vatiRtdhepset e befeteoninasl ssindsmeihads sveik@own in the art. In
general,_ i_t is _knro¥v? %warovigg dthc% icongwercljtratg'chln of g?t?vg()h?b\jg%aig %onrp&%légdcggﬁ grg)trin the
composition ifthe g% fYSmapolt 0 MRS To%%out 1% and,for examp?e, in the case of the
compound argifgneadaha i cenatatoptcareerodtitsoaddive pretesaidy e 2botatdv a
deoxycholate, a fusidic acid, or a chitosan; a cationic surfactant, preferably a cetyl
trimethyl ammonium bromide; a viscosity enhancing additive, preferably to promote
residence time of the composition at the site of administration, preferably a
carboxymethyi celiulose, 2 maltodextrin, an alginic acid, a hyaluronic acid, or a
20 chondreitin sulfate; or a sustained release matrix, preferably a polyanhydride, a
polyorthoester, a hydrogel, a particulate slow release depo system, preferably a
polylactide co-glycolides (PLG), a depo foam, a starch microsphere, or a cellulcse
derived buccal system; a lipid-based carrier, preferably an emulsion, a liposome, a
niosome, or a micelle. The composition can include a bilayer destabilizing additive,
25  preferably a phosphatidyl ethanolamine; a fusogenic additive, preferably a

cholestero! hemisuccinate.

The pharmaceutical composition may additionally include a solubilizing
compound to enhance stability of the regulatory agent or biologically active variant
thereof. For IGF-|, a preferred solubilizing agent includes a guanidinium group that is

30 capable of enhancing its solubility. Examples of such solubilizing compounds include
the amino acid arginine, as well as amino acid analogs of arginine that retain the
ahility to enhance solubitity of IGF-1 or biologically active variant thereof at pH 5.5 or
greater. Such analogs include, without limitation, dipeptides and tripeptides that
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These lists of carriers and additives are by no means complete, and a worker skilled in the art can
choose excipients from the GRAS (generally regarded as safe) list of chemicals allowed in the
pharmaceutical preparations and those that are 15currently allowed in topical and parenteral
formulations. Moreover, the method for formulating a pharmaceutical 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 P“b'ié&%@n%?@ﬁﬁé‘.ysf%ﬂ%r%alqel?o?%rﬁﬁ?ﬁ@imé‘ﬁ&)éﬂ‘?@ggs% Eﬁ?éﬁbb% of Forthe

purposes of this invention, the pharmaceutical composition as described herein can be formulated in a

unit dosage an@iAVANYGRFOSQERIACUSIN BB SNREFBLEISFE B ilghcRiibis BrsphmRRprthat upper third
of the nasal cavity sBer phasimaaatié grk composiigndade appliedsanchasmipisiesedip dhedupper
25ihid of the gl oayiby o Ssie Jngevaled by as oliRglon BaLions gy be I fhe form of a
powder, a granule, & SOITION, a Spray (e.g. an aerosoh, an ontment, andnfusion, a drop, or a
sustained-rélea¥écHmparsRiCATHRERTHS RUb NS BfsBU A YBHORNGH BBRIBRBAS fdNEdministration
include a suspegisigNophaypaiicHigie coheinRg abnaUIRien sAHRAsOMe saNLMSEst thalgrelemses the

pharmaceutical, 3composiian.sionii 2ng e fice. s powdar or ranulartorme.tl e
pharmaceutical compositioirmay be combined with a solution and with a difuting, dispersing, or

surface active riefiadrynggehtlMIRDeEn eSO RiBGdedha aeadentrren@dhtized powder, which

can be converted)in e Winib HRPSRSINN I IHRBsIsHRRItBATRT thadampistisHabolihemRsrmaceutical
composmo]% co rlili%ag ;lq%a?t one re ulat%g ggseengéa_grgg?nrabd% gterlllzed br}/amembrane filtration

and is stored inJUnit-dose B malt-U0S8 Contaners such as seafed vials o %*n'wpoules. Administration of

Therapeutic Ceflenspalistiehangacs wheat €dmioarde B49hmMtering therapeutic cells according to
the methods of the invention maﬁ/ includeéﬁjlication of therapeutic cells alone or formulz&éing the
& |

therapeutic cells with OHREBINRPE G IRE 586?{&%%%@ YH%%’EE?)'P& 3%%‘5%3’3%@%% Bmpositions
and administerisigligueipligraracenibabse myrisiion oo dnediivdal Qimjectioregstéddadiafgla human

patient, intranagallyto.the upesrdhisd Bf Hhenasakcaribe FRe A brianrHlicselispag other

components of the pharmaceutical composition thereof, e.?. delivery-enhancement agent, regulatory
g

agent, anti}cﬁotic,c‘fﬁrﬁ%f?SY ﬁ'ﬁ?ﬁﬁﬁd@dﬁ'ﬁ@%@%%@ﬁﬁrﬁﬁm. ﬁwistered at one of a variety of doses
sufficient to provide a&gﬁégggxqm%@%pﬁgﬁgﬁﬁg%oap‘tafé‘%%g%ﬁ{ &Q&;Qgﬁmqgtlc cell and/or

pharmaceutical composition component. Dose mans er mammals can range from
about 0.001 mggﬁgq@tgﬁqub@ FH@R@ 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,
20  Eaton, Pa., 1890), herein incorporated by reference.

For the purposes of this invention, the pharmaceutical composition as

described herein can be formulated in a unit dosage and in a form such as a
solution, suspension, or emulision for application to the upper third of the nasal
cavity. The pharmaceutical composition to ba applied and administered to the upper

25  third of the nasal cavity to the tissue innervated by the olfactory neurons may be in
the form of a powder, a granule, a solution, a spray (e.g., an aerosol), an cintment,
an infusion, a drop, or a sustained-release composition, such as a polymer disk.
OCther forms of compositions for administration include a suspension of a particulate,
such as an emulsion, a liposome, an insert that releases the pharmaceutical

30 composition siowly, 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
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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
immunosuppressive agent(s) may be delivered as pre- treatment, co-treatment and/or post-treatment
with the therapeutic cell(s) and/or 20 pharmaceutical composition, either alone or as a component 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. For application to the

upper i of s RSl M BR SHABASINGS.ARASIRSEIAY A nR e duerapeutc col(s) andlor

pharmaceutical compositio prepared according to techniquées well known in the art of
pharmaceuticE98iFRIARN  The e ERBlHRerhRvIesm e i Batenspreh S s et Belidtn solutions
which may cogieEse Frilts i canamibne scomponeMs siehaspipospiate, succinate or citrate buffers
to maintain pH, osmoregulatory and osmotic agents such as taurine, and suitable preservatives,
absorption preigaibistat iapealialelis @ Pliagmaseulicaifeerapemndsng or dispersing
agents known in the art. The means of applying a pharmaceutical composition intranasally to the
upper third of the nsIMEERAR) ML) BRPRHIG R B6PIERA L EMR P Ao RIJER 'BPRIB &I nose drops,
Other forms oinconipesjiicatdo chiterrpsiratioaliethesapdoticiialissand/trephmmmiacelgisghcompositions
or elements thereef NGIUAe ASUSRBBSIRNA SE&RBLHGUIRLS oS YhARAR RN SipRb R iIBRS RS OF in @

sustained-release form to prolong the presence of the pharmaceutically active agent in an individual.
The 5 powder3¥YPRITAE IOFRSTTRECHHERNTERASHIANEIMBD SRR AYIBE f6ASIned with a solution
and with a Qillkthﬂgd_idgspeumh@ mﬂamiatrmmbaﬂgawe mmmmi @Dmposﬂhbna\ﬁty. mmistration
inelude abloaplesiueiodslednsAgeal ab e sie ahagmNRIAlAR ALK RSh EFbof Ihe nasal

cavity, for example a spray, paint, or swab applied to the mucosa. A bioadhesive can refer to
hydrophilic pofytnet et RAMATEE MR IRHFURIBY RETyAREPIic #¥¥Rination, can be either water
soluble or swettahlecndpmiisieangcompatibieaditmiiterph atroac edtioadriagfariiesn. Such adhesives
function for a Ir latio ' f thir the nasal cavity.
Soh adhesva s B S et 0 e propy
methylcellulodBeTaRgtHiRcatANEL ABSENAGRKAC EATIRRE!CA ASHWPREMY | LetRRdSeN¢BRfEN, gaur gum,
polyvinyligyrrelidostae peeiinsariaehesggatahinasaganoacndin@ricpoly mersngralymers of acrylic acid
esters, acrylic aci s, vinyl_palymers, vinyl r of Vi Icohols, alkoxy
pi%ﬁ%reni%lé{m%[m}’ o r%%/gklgtﬁxgm 1‘6%@?)%(@‘%%?&%@&5{‘%% %ﬂ

polymers, poly oxide polymers, ers, and binations thereof. composition can

also be in the M 60 BRpPHilZEI Paligiers 20tmhieRivary 58 BTearast A9 YslutRIv/2a8hension, or
emulsion befosgene(@)iniatiabiod s T Aerannreeslisplapmpagiiatismieterably stedihegmsy membrane
fitration and is.sioreqn4nitdose ol muli-dose coniainer sueh as,sealed yjpls giagppoules: The
pharmaceutical"compdsition may be formulated in a sustained-release

26 pharmaceutical composition, either along or as a component of the pharmaceutical

A BTBUS Yia Wi S A E1E e AN S 0 MO HralEd FRafaUR Hoal aP I8S

composition, and, when not comprised within the pharmaceutical composition, may
be delivered either systemically or to the upper third of the nasal cavity.

For application {0 the upper third of the nasal cavity as suspensions, aercsols,
sprays or drops, the therapeutic celi(s) and/or pharmaceutical composition(s) can be
25  prepared according o techniques well known in the art of pharmaceutical
formulation, The compositions can be prepared as suspensions 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 promoters t¢ enhance bicavailability,
3¢ fluorocarbons 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 bhe in a variety of forms such as a powder, spray, gel or nose drops.
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form to prolong the presence of the active agent in the treated individual. Many 25methods of
preparation of a sustained-release formulation are known in the art and are disclosed in Remington's
Pharmaceutical Sciences. Generally, the therapeutic cells, pharmaceutical composition and/or
components of the pharmaceutical composition, i.e., delivery-enhancement agent, regulatory agent,
antibiotic and/or immunosuppressive agent, may be entrapped in semi-permeable matrices of solid 30
hydrophobic polymers. The matrices can be shaped into films or microcapsules. Matrices can include,

but are not limited t°’é{%ﬁﬁﬁ{éb?gﬁxy%k%ﬁs%Pé%'r%ﬂi@!i‘ét?g%%f"{ﬂgﬁg E"Jﬂl:acsg%yéﬂu'/%l“tamate’

polylactides, polylactate polyglycolate rogels, non-degra e ethylene-vinyl acetate, degradable
lactic acid-glycBieraafd¢ediabRATDRs iR RIRMEAE JIaeUrkgfcSHERERBISPENSions. Suitable
microcapsules gamalgeinclusadwsmnyreinyoplslese or gelatinandpebemetmimethacrylate.
Microemulsions or collpidal drug delivery systems such as liposomes and albumin microspheres can
also be used. SR arales o e A e S A R TS aion
comprisingherépeisi @ celrM alsd forned AT bR O BReRBIGAERTRR eIt MBNISOSITHINES thithpresent
invegtiondmasl/_ félggaﬁ&eﬁdé@mﬂ%dﬂanﬁgaa@ws' in%an%aﬁyéilaégfetuwt.thﬁezmme nasaLcavitg asa
powdered or liquid nasal spray, suspension, nose drops el film qr.100intment, through a tube or
Catheter, by syRAIRCEy BACRA DO SIS 18 LR Tlar SRCBYBAR( BAl by SN Y o by
submucosal infeistgminissaling alsihectonsirini s tentaveecntioh, flaearemdels soraprizinadministering to

an individual therapeisiteisRaHoEA RhABRRAUERR! GRERB IR hesant isdthadepesthid of the

nasal cavity by way of a delivery deyice. Nasal dryg delivery can be carried out using 15devices
inctacing, St 1B PRSI B8 B EITEIE. NS RB T URE SULRS v GOl bRles, ailess and
preservative-freg/gfatigsgnieloiizeres (cavicdbesethtthe vaagodiguid-aheditpeistotn &ncherosol
particulate form,iBgiRICH {a%e BPalRS At PeRAULEEAMSIRESH Res8 RIeI L S OppRaspects, an

accurate effective dosa%e amount is contained within a bioadhesive |patch that is placed directly within

and on 20the uPB8FHITG B2 o3V 2INePHBISR0IRE (EhPHhATB S ALK HARe utical composition
comprising the radeakiprogls eaidiosec dytpongitp gitiehihestyiesticgdrmpositipneditdee present
nvention may b GRENGBIE Y ASIRIE IO UERPEINEH CAISNROBLERNIN I 1A oFe) of an aerosol

spray using a pressurized pack or a nebulizer and a suitable propellant 25including, but not limited to,
dichlorodifluordtRE{RSEAHRER P61 IBrSHRARaAETYlIC acid polymers, polymers of acrylic acid

esters, acrylic acid copolymers, vinyl polymers, vinyl copolymers, polymers of vinyl
alcohols, alkoxy polymers, polyethylene oxide polymers, polyethers, and
combinations thereof. The composition can also be in the form of lyophilized powder,
20 which can be converted info solution, suspension, or emulsion before administration.
The pharmaceutical composition is preferably sterilized by membrane filtration and is
stored in unit-dose or multi-dose containers such as sealed vials or ampoules.

The pharmaceutical composition may be formulated in a sustained-release

form to prolong the presence of the active agent in the treated individual. Many

25  methods of preparation of & sustained-release formulation are known in the art and
are disclosed in Remingion's Pharmaceutical Sciences. Generally, the therapeutic
cells, pharmaceutical composition andfor componenis of the pharmaceutical
composition, i.e., delivery-enhancement agent, regulatory agent, antibictic and/or
immunosuppressive agent, may be entrapped in semi-permeable matrices of solid

30  hydrophobic polymers. The matrices can be shaped into fiilms or microcapsules.
Matrices can include, but are not limited to, polyesters, co-polymers of L-glutamic
acid and gamma ethyl-L-glutamate, polylactides, polylactate polyglycolate,
hydrogels, non-degradable ethylene-vinyl acetate, degradable tactic acid-glycolic
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dichlorotetrafluoroethane, hydrocarbons, compressed air, nitrogen or carbon dioxide. An aerosol
system requires the propellant to be inert towards the therapeutic cells and/or pharmaceutical
composition as will be readily recognized by the skilled artisan. In the case of a pressurized aerosol,
the dosage unit may be controlled by 30providing a valve to deliver an accurately metered amount.
The means to deliver therapeutic cells or pharmaceutical composition comprising therapeutic cells
and/or components of the pharmaceutical composition of the present invention to the upper third of

ixgrggit%lg nasal insufflator

the nasal cavity as in aform su icr e e
device (a devi%éeﬁg %&%%%@%ﬁv%&%ﬁ#ﬁ?%ﬁ Zgiﬂgntﬁ gg '%h‘g’g)%)%éél) or pressurized aerosol
canister. The MsIPRARSUSDERICES &I ARERedVTey BBl Bltwe iy pesialiar Bidrmryosshetes. 5The

insufflator may,bg asayise dndthemerrS L LBSIR AMY Hretangbrsulsiantaliyssetered amount of

the pharmaceutical comr;]:)osition. The powd?r qr micrgspheres should be administered in a dry,
T n albucflh m:cro%pheres can a s% e used. . . . Do
alr-dlspensablge orm. The powder or microsphereS may be used directly with an insufflator which is

provided with pdiile gysasnainer for the powder or microspheres. Alternatively the powder or

10microspheres may be filled into a capsule such as a gelatin capsule, or other single dose device
adapted for nasal adimenegteationeThantisuilptermacchtival ntegnssioclvan@isiegdhetapbrgiak open the

capsule or otheydeyigs LR reuile s LRGN W FELIS IS BB P HEIL RYBRGRIAR AN be

delivered to the upper third of the nasal cavity. In this embodiment, the therapeutic cells may be
dehydrated artf¥fYBIGo pRifREENRRthARRIGEHTFanstrlY Bhiis tRPABEFRTESs38SRtermiftent and
Cyclic Dosingcavityrevaripmgdemnsbadiineiat s axfatrepiay entipen tiver apestidropd szaged/ magrharmaceutical

composifign camping A0 Geclive amaiRial Birmpeyierls AdiRie compangnts of the

pharmaceutical composition may be administered as a 20single and one-time dose, or alternatively

therapeutic ceiRSREFRAD BMIFEALAERINRE PHEHPRHSRE N S ATh ISiBM RSP BE S ehiFistered more
than once angigternitiesitonBinéi rermdterimghivinisinatianeriagntentrdiaduinistrabentef an effective

amount of thetaneyi GellsARAIaL e comRaNENS of e pimagsiisal saposiin, followed by a

time period of discontinuance, which is then followed by 25 dministration of an effective
amount, and $&Y&YthY AR GakiaiotemMiee. Nasal drug delivery can be carried out using

15 devices including, but not limited to, unit dose containers, pump sprays, droppers,
squeeze bottles, airless and preservative-free sprays, nebulizers (devices used fo
change liguid medication to an aerosol particulate form), metered dose inhalers, and
pressurized metered dose inhalers. in some aspects, an accurate effective dosage
amount is contained within a bicadhesive paich that is placed directly within and on

20 the upper third of a nasal cavity.

Therapeutic cells andfor a pharmaceutical composition comprising therapeutic
celis and/or components of the therapeutic composition of the présent invention may
be conveniently delivered to the upper third of the nasal cavity in the form of an
aerosol spray using a pressurized pack or 2 nebulizer and a suitable propellant

25  including, but not limited to, dichlorodifluoromethane, trichloroflucromethans,
dichloroteirafluorosthane, hydrocarbons, compressed air, nitrogen or carbon dioxide.
An aerosol system requires the propeliant 1o be inert towards the therapeutic cells
and/or pharmaceutical composition as will be readily recognized by the skilled
ariisan. In the case of a pressurized aerosol, the dosage unit may be controlied by
30  providing a valve to deliver an accurately metered amount.

The means to deliver therapeutic celis or pharmaceutical composition

comprising tharapeutic cells and/or components of the pharmaceutical composition
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effective amount of therapeutic 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 30day. By "time period of discontinuance” is intended a discontinuing of the
continuous sustained-released or daily administration of the therapeutic cells and/or the components
of the pharmaceutical composition. The time period of discontinuance may be longer or shorter than
the period of C&'ﬁ»‘}@”"é‘?e% Blalneg-relgase oL daily, 8&%‘&”&%%81“0%[)%&'%ﬁ%@%“ﬁ% &iad of
discontinuance, thé thérapeutic cells and/oF the components of the Bhar Aceutica omposition level
in the relevantxiostieskCB ASIRIAPSRYSTefoVRIMer eADY IR DA e VRS Bhaten eavifgrisgavicer éaiesnt. The

preferred lengihyak thewirGoptivarnsads daddlependsdan)tbe sesaaisatiansblikaséiective Sdose and
the form of theér%geutig%c?lls and/or the.components of Q)? t;E;lt?laémaceétical camposition used. The
S

discontinuance 'peticd' taR BE &Rt N Q@/ i,v Bjree ecthB BERY 398‘," FGFes efreel’c’aibly is at least 1
week and genéhallpeidtaioronexbeauioyipedivtiiomeansdrsnpyite e crrnisteghiien aetease formulation is

used, the discopiistdanas RO MHMsRQ eriendreHinascmIionbeisisaiaE IesidpRpep time of
regulatory 10agent at the site ol njury, Alternativel ,éhe frequency of administration of the effective
dose of the sULISIRGRRLES AU HSH e AATO S U SR SREBAMIG 5 R PRARIGERP<chedule of
administrationroi:thepbp@stivaetls asedf oirtdud ceiponinstdfetoneviphlimeroviticavitom potition may
continue until the gasired %ﬁ%&&ﬁé?ﬁﬁﬁﬁc%ﬁH@F@Baﬁ@ﬂé!rﬁmfe%d%@éﬂié?ase or disorder is

achieved. 15In yet another embodiment, intermittent administration of the effective amount(s) of
therapeutit ceﬂgcé‘?ﬁﬂ’a?rﬁ?‘e%h?ﬁcmgﬂfg%ﬁﬁépﬁ*ﬁ%@e@ﬁi@aﬁ%ﬁ?ﬁﬁ@ﬁ%ﬁ R QIBRESBY Coyclic” is
intended internintte niesttmatspatidor aesahasiannestrbycor ddlesinstifetad nanistnatioeanétBuoycles ranging
from about 1 rgenth Lo AbRLE2aR ofer (R S:FONIE JoRd GHRIEPYS, JR% A MMS ttipgschedule might

be intermittent 20 administration of the effective dose of therapeutic cells and/or the components of the

pharmaceuticiUEHBEH e QSRR O URILILR SR BRH TN ERL 1§l BREE LT RIdBR for 4 weeks,
followed by a hezakdavihietmittierdratchuimisttatientiorap @aombitd Biap datkishiolsiwe dir/antermittent

adminis"gsn0ntﬁ%ﬁﬂ?@@jWtﬂt%g%éj@%ﬁﬂ?gﬁbﬁ{%éjﬂﬁgagWS@oQQ,Ce per week for 4 weeks,

followed by a break in intermittent 25administration for a period of 3 months, and so forth. As another
example, a sirngtermittent and Cyclic Dosing

in various embodiments of the invention, therapeutic celis and/or a
pharmaceutical composition comprising an effective amount of the therapeutic cells
and/or the components of the pharmaceutical composition may be administered as a

20  single and one-time dose, or aiternatively therapeutic cells and/or the components of
the pharmmaceuticai composition may be administered more than once and
intermittently. 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

25 another administration of an effective amount, and so forth. Administration of the
effective amount of therapeutic cells and/or the components of the pharmaceutical
composition may be achieved in a continuous manner, as for example with a
sustained-reiease formulation, or it may be achieved according to a desired daily
dosage regimen, as for example with one, two, three, or more administrations per

30  day. By "time period of discontinuance" is intended a discontinuing of the continuous
sustained-released or daily administration of the therapeutic celis and/or the
components of the pharmaceutical composition. The time pericd of discontinuance
may be longer or shorter than the period of continuous susiained-release or daily
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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 30 administration of therapeutic cells and/or the components of the
pharmaceutical composition to a subject may continue until the desired therapeutic effect, and
ultimately treatment of the disorder or disease is achieved. For purposes of regulating therapeutic

C?" deVe'0F_’meﬁéﬁ%ﬁ%f&?b@%@?@t%%ﬁﬁgawgiH&SrﬁlHﬂﬁﬁEé‘?%mfﬁ@@é%ﬂtf&fégﬁs.%w@ﬂogiC&'
disorder being treated, intranas one or. more thera eutlcaggeffectlv,e doses of at

?I administration of : .

loast one requitE P TRERERISS Joe R ARG HREGE RSSO Meye 15t BodR VERkLSERIS sinital
application of teftbierdpdytielcelithantismphakwelcehitdrwccdmipadimesirogthel peawefdrirdention. For
example, the i”ﬂéi?étﬂ"@f W&%dﬂﬂﬁ@a‘?fo@"ﬁ’eﬁ%@@éﬁ&% ISOHA Y R068tEAY e efsaistered within

about 2 to 4 hours, within about 2 to 6 hours, within about 8 hours, within about 10 hours, about 15
hours, abodt 24 AUAS ARHTIRTELEUN SE RIS A REHY 5 ABTIRCSELBUN 8 @M ger
following 10appimagiositohthesth driagp distiordelsaredperiph aem aectitieas td ngyesrefeGhof ithet present

invention. One gL marg-addiigaal dpses PltbesagualRu. A0eN dRaMRFRISMRISIKERd{Y hours, days,

or weeks following the initial dose. Furthérmore, the animal undergoing a cell replacement
regeneration thBFERY At ¥Rfks R BoHRRINES 67 IR DIRLBHIBHRIL ST tn P S RIS fed
additional regulpddng bhageestsxandied therapetitcils gasliar phidkmes 6mikost reomipositions

ntermitienily OYgEHILE ASHELIGHI0-R BRURRK Gl ﬂé%%@&p Lan el ayanimal undergoing

cell replacement’therapy can be administered orie or more therapeutically effective doses of the
regulatory agerfi{&rtiffefape Glid e BiNGHTIpasMREBHRIANCERNFESHRSR a5 ¥ BF695AEEENt invention
thereof prior to suirtgmateADiaiieuing dhadinitistappticatinmrabbviladyshe dlelivies v @npamaament agent,

immunosuppressi . ibiti . inis ' ing or
following the in%ﬁ]ﬁﬁ?ﬁlﬁ:@%ﬁ@%&%gggﬁtﬂﬁéﬁjﬁ?ﬁ%zt?rén_rg%ge?{tj%gga egé%gg%ition!?é) of the
present inventiGAY PHENHRLYHREMERNS, SR IFISaamsi ATSBETAS HaREURYRS provided herein are

exemplary only and notn, any ey Zginiended to.he dmiting, Thase, skiled n fhe ad will recognize
various administration fyamewor?(s?ﬁnequenue's or individual cases, each suc a&mmistration
framework/freqa@aegtisvatitiaranre stoplldBIROptis eamavestisof At clbgrmageviéRiods of Manufacture

The present inveatiitalsoinsufle BANCaElSlesGh RIiud aqiFa tRISVAAIAG 3R HIRIARIHIRERlstand/or
D o < g e R 55515 8GR S°IBRer P Aisyah (3 Regy g aceutca
3. 4, 5, or 6 months. For example, the administration schedule might be intermittent
20 administration of the effective dose of therapeutic cells and/or the components of the
pharmaceutical composition, wherein a single short-term dose is given once per
week for 4 weeks, foilowed by a break in infermittent administration for a period of 3
months, followed by intermittent administration by administration of a single short-
term dose given once per week for 4 weeks, followed by a break in intermittent
25 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
infermittent 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 menth, and so forth. A cyclic intermiftent schedule of
3¢ administration of therapeuiic celis and/or the components of the pharmaceutical
composition o a subject may continue until the desired therapeutic effect, and

uitimately treatment of the disorder or disease is achieved.
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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 5is 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. quoirnsl}rugtié)snsfcrgn&fg min;g‘rarrgateiggcsuqr as ﬁgﬁ;igi%pt rqlc()) a gbar}% &%{Qinistration
information so as to allow the &u jecot OF S WOrRer Th the Tield to adrinister e therapeutic cefls and/or
pharmaceutical cenmpoidnIctm piriiey masigstaling célkedfy@iegipapdiserter dethe 1BBBErmaceutical
composition of thpirseAtdArRNEeRIdhiSFANECPAle thatauaialiBibealiekbeacompasses any
doctor, nurse, technician, spouse, or other care-giver that might administer the ther %e%rﬁ cells and/or
pharmaceutical cSﬁ?prggﬂfS @’o%QSHETH@Vtﬂ%%fp% (8 BN d/BF CoREn &Y Bt %eee% Arm&ceutical
composition &f thimifieégppidatiemubtheTherdperdicastie setioapltionase disal sompasitiontarof the
15phg”?)af;teUticagz%%%m%ﬂ@ﬁi\ﬁdﬁ?#&'%%@ﬁpﬁ|f?@ﬁﬁ‘&i_§i$@?§9&Mié'lﬁ)_l_%‘Bﬁﬁé Qihé‘alﬁf%%gnt_ invegtignt
may be better understood with reference to the following examples. These examples are infended to
be representativer%q%ﬁt@&'fﬁggmﬂ%‘ﬁgm&"ﬁ%%rﬁ‘i)gm?ﬁﬁ)ﬁgh'gﬁa?% %B?We%ag@ EECTHHUF?Q the scope
of the invention. 20EXAMPIES®EX&mples] witireedpetitic Celts. Bypassmigoure. Blond-BramBarrier
Following Intranagah ARRic Rt e4H RBER THIrdRf4NE Masal SemByD &%ﬁ%&é@&%&@warkmson's

Disease The hypothesis that therageutic cells could indeed bypass the blood-brain
10 7 application of the therapeutic cells and/or pharmatceutical composition(s) of the

present invention. One or more additional doses of the regulfatory agent may be
administered for hours, days, or weeks following the initial dose. Furthermore, the
animal undergoing a cell replacement regeneration therapy according to
embodimenis of the present invention may be administered additional regulatory

15 agents and/or therapeutic cells and/or pharmaceutical compositions intermittently
over time according to a patient care strategy. Thus, for example, an animal
undergoing cell repiacement therapy can be administered one or more
therapeutically effective doses of the regulatory agent{s), therapeutic cells andfor
pharmaceutical composition(s) of the present invention thereof prior to, during, or

20  following the initial application. Similarly, the delivery enhancement agent,
immunosuppressive ageni(s) and/or antibiotic agent(s) may be administered prior to,
during or following the initial application of the therapeutic celis and/or
pharmaceutical composition(s) of the present invention. The intermitient and cyclic
administration frameworks provided herein are exemplary only and not in any way

25 intended fo be limiting. Those skilied in the art will recognize various administration
frameworks/frequencies for individuatl cases, each such administration

frameworkffrequency is within the scope of the present invention.

Articles and Methods of Manufacture

The present invention also includes an arlicle of manufacture providing
30 therapeutic cells and/or pharmaceutical composition comprising therapeutic celis
and/or components of the pharmaceutical composition of the present invention 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
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25barrier 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
degenerating CNS of 30patients with Parkinson's disease. Additionally, glioma cells were intranasally
administered to the upper third of the nasal cavity of younghealthy rats. Within one (1) hour of

administration/a %ﬁﬁhﬁ pus, striatum
and the cerebelIﬁ’lrzlhlllﬁjo?tzgﬁUré3 %‘Fﬁﬂﬁﬁ%gy n th g&%ﬁ%&%ﬁ?&%ﬁl@ﬁ é S%%Qsﬁ Isease, the cells
were detected 43‘#5@?&‘3519lret|hﬁmﬁﬁéﬁoqtt%ﬂ@&"fﬁ%ﬁﬂi’ecé‘é’lﬁrn?gyﬂﬁ@ﬁ’éﬁdﬁéﬂ”ﬂﬁe brain in both
cases in less thasrengHaoartichfter Hae dalit crasses thawaarif@tmqﬁtatg,zdwwnasgﬁadfmweutea Swere
observed: (1) mgratlor)c 'nt@rthn%l olzf"f‘rﬁﬂ eyfgr%bogaig %tg th 5 pnagt% o)I Irpe ﬁ’r n}]lnclu@ %the cortex
and striatum; and f) entry e} he cerebrospina f'l Wlt movementalong esurace o {he cortex

followed by éntrmﬁwm@bﬁﬁmcﬁmwmﬁe me@?éﬁfﬁl’@zwﬁf@ﬁ Jﬁ‘ﬁﬁﬁié@mement

Agent on Transppb 8k Dhetapertisslesaisihiiowingdnt paasalApniieatietrenthe bipran Third of
Nasal Cavity he e[}flcac was e Iuat{aéioof mtrar(lfs Ideltv Iy of herggeutlc cel st the brain after

ormation siich as suffcie $a Y ¥rntor
intranasal appllca O O TAf esene SA s)c: sheld WHRTEFDR &7 K oec it dye to the

upper third of thé'agyvhiash ity M%Welﬁ {hedrloly esmibisterifiedhenrrebiipasianeier blood-brain barrier
in the administr%mmﬁmlxi@@m&we&mwwrmah@@m@m@e&wamh{s%\a@imals were

divided intq three groups 5in each gro peel ed onI intra | therapeutic cells; 2)
group Bre&&veﬁ%@ﬁ%&égﬁﬁﬁw Si&?%agﬂtﬁ)te r%aaguréjr% A0 mtraﬁa@a%f@éeé:ﬁﬁ 8%”8@(5 10 the
intranasal applidatidigidfersitsndisgesuginClesielvad sehfseniateanaseulye( 21 plhrBSye@ivehbat 20after

application of C%ﬁh@dﬂﬂﬁ'@iﬂ?tﬂ@fﬁe’? Lf'tﬁ?é’eh@‘Qﬁ*&/@ﬂ&%ﬂ%@’ed{’@aﬁ%&ﬁf&wfﬁgﬁ%Hﬁh 80C and
sectioned later in sag@ttal or horizontal slices aggjr? %% ted with medium contalz % APl or Pl and
I

analyzed by fluchEse ﬁlft}ﬁ%%%@g {?ﬁ%@tgﬁ dBﬁ&eéﬁ’ﬁé%\?B?j’?ﬁ% \%)9 of the olfactory

bulb, striatum, preserit invention. The therapeutic cells and/or the compaonents of the
15 pharmaceutical composition may also be self-administered by the subject.

The present invention may be better understood with reference to the
foliowing examples. These examples are intended 1o be representative of specific
embodiments of the invention, and are not infended as limiting the scope of the

invention.

20 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

The hypothesis that therapeutic cells could indeed bypass the blood-brain

25  barrier was tested by the inventors in healthy rodents {mice and rats) and in rats
treated with 6-CHDA fo create a model of Parkinson's disease. [n this example,
mesenchymal stem celis, i.e., eukaryolic cells, were administered intranasally to the
upper third of the nasal cavity of adult healthy mice and to 8-hydroxydopamine (6-
OHDA) unilateral-lesioned rats to model the damaged and/or degenerating CNS of

30 patients with Parkinson’s disease. Additionally, glioma cells were intranasally
administered to the upper third of the nasal cavity of younghealthy rats. VWithin one
(1) hour of administration/application, both cell types reached the olfactory bulb,
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25cortex, in the wall and vicinity of the lateral ventricle, and cerebellum of animals in group A, the
intranasally delivered therapeutic cells alone. In the olfactory 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 30group A. 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
localized in the subarachnoid space in. close vicinity to MSCs which alfeady.reached the upper layer of
the contex. SoRE B IRLEP AT Fad RS S0 oL L b e A L v TR A e
amount of the ttBAasaMpagipiietGREAr hdistssMbe saanene datedtrd dopairaasar cavity (arrows in
Fig.2 D) Ih aftes hapRlicatian indigadipeniatdhaianauie sell eugratiandiaadhe masakeudgasa through
the cribriform plate into the brain could posiigl continue for several hours a%rha{ps even days.

A stepwise midratigIPBPEEICHom 1S BETEL: BPEREL DRGSR A pRP | WL YBServed after a
certain densityvafreslisisvyahdheaigraiiog laigethel Géampegtitis afdcalle in theedgapefdhers appear only

in the vicinity of cellireiginiaretsiRse! 0 dhadHifare RSB RmeBIsPhiAggiFaMigration of
Therapeutic Cells to Lesion Within CNS FoIIowmégﬁlgg nasal Apﬁcaﬂon to the Upper Third of Nasal
I

Cavity Since tHEOMEUHY BINAHEE SHIRHR SEHISTP WL DI ER IR Pl 8Besides cortex,

olfactory bulb macecengimellum, 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 lesE¥AEMREE st 18 GhaHERUNENY! = i s StHatal damage

was induged in adtélisaED hywinidpieiaininge

6-hydroxydopamine (6-OHDA) to induce a
The efficacy was evaluated of infranasal delivery of therapeutic cells to the

brain after intranasal application of rat mesenchymal stem celis (MSCs) labeied with
CFDA or Hoechst dye to the upper third of the nasal cavity of seven-week-old C57
bi/8 mice, thus bypassing the blood-brain barrier in the administration and application

15 and transport of the therapeutic cells.

Initially, the animais were divided into three groups (n = 5 in each group): 1)
group A received only infranasal therapeutic cells; 2) group B received delivery-
enhancement agent hyaluronidase intranasally 30 minutes prior to the intranasal
application of cells; 3) group C received vehicle intranasally {24 yl PBS). One hour

20  after application of cells, the animals were sacrificed under anesthesia, the skulls
ware frozen at -80°C and sectioned later in sagittal or horizontal slices (20pm)
meounted with medium containing DAP! or Pl and analyzed by fluorescent

microscopy.

Hoechst dye labeled cells appeared in all layers of the olfactory bulb, striatum,
25  cortex , in the wall and vicinity of the lateral ventricle, and cerebellum of animals in
group A, the intranasally delivered therapeutic celis alone. In the olfactory bulb, the
cells were distributed over all layers in animals of group A and B. Intranasal
administration of hyaluronidase (100 U/animai in group B) increased the number of
MSCs in the brain, especiatlly in the olfactory bulb, when compared with those from

3% group A

The distribution of MSCs in different cortex layers in groups A and B suggest

migration of therapeutic cells from the surface info the parenchyma. Numerous celis
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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 25C. To show the degenerative changes in the left (lesioned)
striatum after 6-OHDA- lesion, 10 horizontal slices from each animal were taken from the area 5 mm to
8 mm from bregma were stained for tyrosine hydroxylase (TH). In contrast to the strong staining of
nearly whole striatum with TH at the unlesianed side, the expression t the Jesigned side was
clearly decreaSed, L{ﬁ)ﬁgcr@aedelﬁl i Sttide C?'é‘l%!gsfsgggevﬂhn uore%'ge}afomhﬁzgrcé)rgc%% reveaﬁé(d a notable

difference in tFe2pleABRS QPMI@!{%tWé% PR sOpRE aﬁamﬁ%ﬁmp@m@sme majority of CFDA
labeled MSCSSY)@Q%EQH@%Hﬁb?@@sqmﬁéﬂﬂdnﬁéﬂ%&%bnth@iﬁfgfé%ﬁtuﬁ%ﬂﬁ\@lrﬁfahﬁaﬂyadbwéﬁhin the
lesioned striat Ehwqere %SR&]% eII s.were found in the silnatum Cc éﬁ?%‘ % of the
contralateral h ﬁa? o%cu%) %Hé?ﬁ/a c&m&y a{ﬁ%wﬁllges%

Interestingly véwlfmvfm‘ r[hféCM&GlgﬂﬁmhﬂﬁaN@uéCf@ahd}IQF@BTE&pr@mdaFEI mm*@ﬁ@a@mmajority of
cells localizedigin-Higiearexnta the WeiBiyPESIR |§&§%W%ﬁtﬂd&@$%’\%ral h6Uﬂ§§§d esults provide
evidence of tar%ﬁ{ed stemécilall preferential migration to the site of the lesion in 6-OHDA-lesioned
rodents. Furthymare, W&t &%Ilvery to the brain of bone marrow stem cells was shown in the lesioned

hemisphere in compadag ik lGaseLine ieianed sided sinsan smndienicabihe present

10invention. Example 4 - Therapeutic Cells Comprisi umor Cells Bypassing Blood-Brain Barrier
Following Intréﬁ’%ﬁl‘”ﬁﬁﬁ?@&fﬁ?ﬁfﬁ@ B%B@Pﬁﬁi?ﬁ'téﬂﬂgl‘é@gl & RAGRT PAMKHENH s Model This study
investigates wingttegmtasrdcedyirtiesajpeptc lsiens eelsdudrglso Hstuitioitycellsetheymbeldetivered to the
brain after intrapasaladinisiration, ntiapgsal administration 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 admingkeatiple, 3herariatats Migratiacol tdrosaitial Celsion $.é2(baMitiidheNghole

Following Infranasal Application to the Upper Third of Nasal Cavity

Since the results obtained and described above in Example 2 show that,

15 besides cortex, offactory bulb and cerebelium, 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.

Striatal damage was induced in adult rats by unilateral injection (left
20 hemisphere) cf the neurotoxin 8-hydroxydopamine (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 iesion.
The brains of animals were withdrawn 4 h after application of cells and frozen at -80
25 °C. To show the degenerative changes in the left (lesioned) striatum after 8-OHDA-
lesion, 10 horizontal slices from each animal were taken from the area 5mm o 8

mm from bregma were stained for tyrosine hydroxylase (TH).

in confrast {0 the strong staining of nearly whole striatum with TH at the
uniesioned side, the expression of TH at the lesioned side was clearly decreased.
30 Screening of the brain slices with fluorescent 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
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heads of animals (including the skull and brain) were processed by fluorescent 20microscopy.
CFDA-labeled glioma cells identified in the nasal cavity, cribriform plate, olfactory bulb, frontal cortex,
and hippocampal area. 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 uncontrolled cell 25division. This can occur in the
brain, the meninges, the cranial nerves or in blood vessels or lymphatics of the central nervous

system. Most pimapy (YA IAra 06 5J 108 aasierian SRRl s chithen L Beain sterm

glioma) and in the anterior portion of the cer emispheres In adults. Pediatric brain tumors
account for ab&HEHE-fer BN FHHe BPAIRE FAhEE & ecteniiR AR PaiFeltREh FODBS6deaths per
year in the UnitesteStatesigdngiyadnadnitnaana:dyleslimsiniary lar aitetastiatgyariginate drame glial cells in
the central ner system. However, secondary brain tumors th velop from s el]sewhere in
the body and me as?ta\xsﬁllzgg %ert%é) “Fgfr? aﬁ}% %%rﬁgr?%?éﬂgb%r%g%&%ﬁ%'gogghor?l%?gga%%%z%e% the brain
from the luhgsirsKig, Jadpeln hredstiBordhanesRR&esRgE®ositivBrain tumors are difficult to treat
because most chem erapeut&c agi)enés do c510t reatdtil Cross S#he blqod-t%raintb rrier 091 '%t is not
possible to safely 5 RSTGES I)}’ TERTOvE Cerin %es ot bram {lﬁ)rrr?o?{s?ne'.%.r?fpar?niste% gliomas,
because of theihdoiigtiohiddesian areds-tisHesirand nedesnirortkeymmito heHscdeincivits tbach as
breathing, heag fineHann &6 oW SRIY cERSSAIERBEFaN eHeNng.ABE AealisighBrytherapeutics for brain
tumors need to sur ic,a!% imEIant tumstt)pr cells into the brain of an gqr_gf)m@l toﬁ(fre?%&e an 10 znimal brain

f RRFEStHt

tumor model wGHPRHRCBIIRAeCeS 8 ﬁé\r/\‘)%sfjﬁagg CdENE Y &S HBIEEMS can be

non-invasively imteotierced into the brain by administering them to the upper third of the nasal cavity
and that hyalurgnidase and other agents can be used to facilitate this Thus this example
demonstrates tHAE M trTORFH : ; Rrasire] EIBPSSRIAD 2 ssociated
with 15neurosur@ai

Invention. Parkinson’s Model

........

This study investigates whether or not only therapeutic stem cells but also

15 tumor cells may be delivered to the brain after intranasal administration. Intranasal
administration of human FPhi-Yeliow and CFDA-labeled T406 glioma cells 1o the
upper third of the nasal cavity of 10-day old rats (n = 5) was achieved. One hour after
administration, the animals were sacrificed. Sagittal sections (20 um) of the whole
heads of animais (including the skull and brain) were processed by fluorescent

20  microscopy. CFDA-labeled glioma cells identified in the nasal cavity, cribriform plate,
olfactory bulb, frontal cortex, and hippocampal area.

in this study, intranasal delivery of eukaryotic cells (stem cells as well as
tumor cells) into the intact and lesioned brains of rodents was demonstraied. Brain
tumors consist of intracranial tumors which result from abnormal or uncontrolled celf
25 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 craniai fossa in children (i.e. brain stem glioma) and in the
anterior portion of the cerebral hemispheres in adulis. Pediatric brain tumors
account for about one-fourin of pediatric cancers. There are about more than 10,000
30 deaths per year in the United States due to brain tumors. Most primary brain tumors
originate from giial cells in the central nervous sysiem. However, secondary

brain tumors that develop from cancers alsewhere in the body and metastasize to
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The invention has been described with reference to various specific and preferred embodiments and
techniques. However, it should be understood that many variations and modifications may be made
while remaining within the spirit and 20scope of the invention. WE CLAIM: 1.A method for transporting
therapeutic cells to a damaged or degenerating or injured 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 5system cells, comprising: applying at least one therapeutic cell to the upper
third of the na ity | I I i . the damaged
central nervou%sﬁéégéﬁna%&&%ggé?%ﬁﬁlmog%%%ﬁ %%r@%%g%%%ﬁw@t%%l?@?@g?m , further
comprising adMngistelingiHBSY: a3tbAe!RHRINGE BBIRES a tissue innervated by the olfactory nerve,

wherein the at least gne ther%peutic é:gll tm) sses the blood-b{aitq barﬂer to access the ddamaged
rain tumars are difficult 1o rea?‘t}ecause oSt C emﬁt Srapeltic adents 0o
central nervous system, an minimizing systemic delivery ot the thérapeutic cells outside of the

central 15nervolyesdiie eross, the dlansthariropaienrRd it Bt cosaRiSitiysaiel vt least one therapeutic

cell bypassing 4he hlead:biain-bamirr Rytanarptioealens Rnek a gamiRsitirdhedamaged central
nervous system. 4. The]c e.tqogg?f cle\‘iom 3, further %:%m%ris.ingnth[e attleﬁt(at one theraggeutic cell
20preferentia|l9%?ﬁ?§tﬁlgﬁ 8 S8R EARithin TR EIRERBISSTLEN™S. The method of
claim 1, furthefurstinpdsingraaspbyaagiyaloesriitiassdn, &tceffective amount intranasally to the upper

third of the animal's nasal cavity. . _ _ )
Currently, résearchers develeping and testing new therapeutics for brain

tumors need to surgically implant tumor cells into the brain of an animal to create an
10 animal brain tumor modeil which can be used o test new drugs. We demonstrate
here that tumor cells can be non-invasively introduced 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 demonstrates that a brain
tumor model can be created non-invasively without the problems associated with
15 neurosurgery and direct implantation of tumor cells using embodiments of the

present invention.

The invention has been described with reference to various specific and
preferred embodiments and techniques. However, it should be understood that
many variations and modifications may be made while remaining within the spirit and

20 scope of the invention.
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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 250f 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 composition to the upper third of the animal's nasal cavity. 308.The method of claim 1,
wherein the therapeutic cells comprise eukaryotic cells 9. The method of claim 1, wherein the
therapeutic cg\lllg @gﬁ,mjise 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 effeétivetapddantramgrovic tiecrapeiticelistion dempasther igderenatng ©f lost and/or

Sdying cells im%m@od@n@&%%w@w@wmﬂﬁtﬁm; tH@dm‘%gﬁe&hegg@he@irwaéw&%wmprising

applying the pharmaceutical composition to the u%gﬁlr third of the animal's(fasal cavity in a

physiologicalfy ST ASERIT P HrOURIC ThERISBTHIE L:Hdh'B¥nMERAY 2 SRNEhAFY 8FYost and/or
dying cells insymedansiigesboentiabnervous system 1013.The method of claim 1, wherein the

neurological diseasg,pf fANJIIQRCHDRNSERdAELBR AN B igRasanirt o kRS 1asihesl f staim 1, wherein

the neurological disease or condition comprises Alzheimer's disease. 15. The method of claim 1,
wherein the 1BEMBSYRA] 8%ase or condition 15comprises ischemia. 16. A method for transporting
therapeutic cells toanskimagedtozrdpgatiteraiting eenttal thewaunamysrEntal aereanimalstére damage or

degeneratiorw%ggs%qhge_éil_{)g@gi%m gdisease or condition that results in the loss or death of central

nervous system cells, comprising: o L
107 2. The method of claim 1, further comprising administering 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 central
nervous system, and
minimizing systemic delivery of the therapeutic cells outside of the central
15 nervous system.
3 The method of claim 2, further comprising the at ieast 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
20  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.
6. The method of claim 1, further comprising applying hyaluronidase in an
effective amount prior to applying the at least one therapeutic celi to the upper third
25 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 composition
to the upper third of the animal's nasal cavity.

30 8. The method of ciaim 1, wherein the therapeutic cells comprise eukaryctic
cells.
9. The method of claim 1, wherein the therapeutic cells comprise stem cells.

10.  The method of claim 1, wherein the therapeutic celis comprise tumor celis
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20providing a pharmaceutical composition comprising at least one therapeutic cell and at least one
delivery-enhancement 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 central
nervous system 25by bypassing the blood-brain barrier. 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
hyaluronidasecéggﬁgtiﬁ@ﬁg}gygmg 30activity 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! ApplyiRg TR heRBUtICHMEBRTIEHRSING 2BPYIRE HERIJESE ERfm 17, further
comprising prevéeipgLaikiesistoihe aptibiabicdnf &t efieciiieranmuat/iyithia pregphagoageutical
composition. 21, Th In further comprisi reati [ he nasal
cavity with at %ﬁ%#gﬁgﬁﬁgﬂgéﬁ ﬁ@r% ggf%%éggﬁgr%?ﬁ %Hg?g?érﬁe{w p?léln%clélﬁee%?ueaﬁ%%c%m%él
compositién. YT RelmBtHSF8Mmaght SeNRRRRIVesHRYBSRY providing at least one regulatory agent in
an effective anmpunt Trighirethecpitaieace ytiaakcosanoritgraphdyhaa e ethathat eladm 20, further

;ﬁi::ﬁ;‘;!;% t?é%%ﬁ%@éﬁgﬁﬁS%AQ}W&{RQ%%XFS F980f 0.7 RITeRHVE A8, within the
effective amount to provide therapesutic action comprising replacement of lost and/or

dying cells in the damaged central nervous system
10 13,  The method of claim 1, wherein the neurciogical disease or condition
comprises Parkinson’s disease.
14.  The method of claim 1, wherein the neurological disease or condition
comprises Alzheimer's disease.
15,  The method of claim 1, wherein the neurological disease or condition
15  comprises ischemia.
16. A method for transporting therapeutic celis o a damaged or degenerating
central nervous system of an animal, the damage or degeneration caused by a
neurclogical disease or condition that results in the loss or death of central nervous
system cells, comprising:
20 providing a pharmaceutical composition comprising at least one therapeutic
cell and at least one delivery-enhancement agent;
applying the pharmaceutical composition to the uppear third of the nasal cavity of the
mammal; and
enabling the therapeutic cells to access the damaged central nervous system
25 by bypassing the biood-brain barrier.
17.  The method of claim 16, wherein the at least one delivery-enhancement agent
comprises hyaiuronidase.
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
306 activity 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

52



1024.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 15administered to the upper third of the nasal
cavity of the mammal. 25. The pharmaceutical composition of claim 24, wherein the at least one
delivery-enhancement agent comprises hyaluronidase. 26. The pharmaceutical composition of claim
25, wherein the at least one deliyery-e phan ement age t further.comprises neuregulin and
migration-inducﬁ’ﬁge g?)%{'(\,’t?v?wp Lﬂ“‘ﬁﬂ@% E %%&alﬁ?éjaféo%ﬁqﬁﬁﬁ{gﬁnof claim 25, further comprising, at
least one antibidtic. I@eThetiphbohtiasuiidal.cthenpesitoisio debireaimdtntheprntipriisihiat least one

immunosuppreggiyg é’@ﬁ?tw@ﬁQQFeEQ%BB%ﬁEﬂ%Hﬁ@%h%&ﬁfé%ﬁb@ﬁ?ﬁémr%p m@{r@mprising at
least one regulatory agent. 30.The pharmaceutical composition of claim 28, further comprising at least

one regulatory R Ha tical composition.
5 22 The method of claim 20, further comprising providing at least one regulatory

agent in an effective amount within the pharmaceutical composition.
23.  The method of claim 20, further comprising providing at least one
immunosuppressive agent in an effective amount within the pharmaceutical
composition.
10 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 celi; and
at least one delivery-enhancement agent {0 assist the af least one therapeutic
cell to cross the blood-brain barrier, wherein the pharmaceutical composition is
15 administered to the upper third of the nasal cavity of the mammal.
25. The pharmaceutical composition of claim 24, wherein the at least one
delivery-enhancement agent comprises hyaluronidase.
26.  The pharmaceutical composition of claim 25, wherein the at least one
delivery-enhancement agent further comprises neuregulin and migration-inducing
20 activity.
27. The pharmaceutical compaosition of claim 25, further comprising, at least one
antibiotic.
28. The pharmaceutical composition of claim 27, further comprising at least one
immunosuppressive agent.
25 29. The pharmaceutical compaosition of claim 24, further comprising at least one
reguiatory agent.
30.  The pharmaceutical composition of claim 28, further comprising at least one

regulatory agent.
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