WD 03/ 105750 PCT/1L03/ 00500 ANTI GEN- PRESENTI NG CELLS FOR NEUROPROTECTI ON
AND NERVE REGENERATION 5 FI ELD OF THE | NVENTI ON The present invention
rel at es twomempysé ti ons and nmet hods and, nore parti cul ar IPZT/IL@B/00500
conpositions conprising antigen-presenting cells, preferably dendritic
cells, pulsed with a suitable antigen, and to the use of said
antigen-pul sed 10 cells in nethods for preventing or inhibiting neuronal
degeneration or for pronoting nerve regeneration in the central nervous
system (CNS) or peripheral nervous system (PNS). Abbreviations: APC
antigen-presenting cells; APL: altered peptide ligand; 15 CNS: central
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encephal onyelitis; GwW CSF: lﬁﬁﬁﬁ%ﬂﬂ e colony-stimulating
factor; MBP: nyelin basi CN%;lg?gi n, : ma?gr i stoconpatibility conpl ex;

NS: gnerve system PNS: peri pheral nervous system RT-PCR reverse
transcription- 20 polynmerase chain reaction; SCl: spinal cord injury.
BACKGREYKED. O F HEHEYWENINONe nervous system conprises the central
nervous system (CNS), conposed  of the brain.,and spinal,cord, .and the
peri pheral devpresest dnwentiengylateso Q| CAMpESIgens Af Wéeth%‘?%@?da%OBGangl ia

outside the brain and spinal cord. Damag ot u ysS resul t
from apﬁFtWEY»CQPnjCG ,Osﬁlﬂfﬁ S S7 a%t%eq—ﬁ@agnkgﬁﬁg %ﬁilﬁhtb I%?%rljaag , or a
di sease el i 4l : i ' i Rarskidafiven-slilsepse,

mul ti pIdggéréﬁ%?ggggulﬁ]w&g%g%ﬂsﬁ%lﬁge sné?angr;tsgtﬁgglgﬁi c |at erIa% slg} erosis
(A4B) . cefls AbRckifodREToE PRANYiIng SR MMNibitiR enirbaal dugdnemtivarr dor PONORIIDH5750
PCT/ 1 LO3/ 00500 While the i mune system plays an_essential part in

pr ot ectrieove regqeiatiomnin theateénirpli nervoBss SVS@%&QNS)%MW&P@ZI“W%% ons
are relatively limted in the CNS, due to its unique inmune privilege. The
fai | ur sysiem ®hnmal i an ONS to achi eve

%

Abbreviations: APC: antigen-presenting cells; APL: altered peptide ligand;

15 CNS: central nervous system; BBB: Basso, Beattie and Bresnahan open-field
locomotion scale; DC: dendritic cells; EAE: experimental autoimmune
encephalomyelitis; GM-CSF: granulocyte-macrophage colony-stimulating factor;
MBP: myelin basic protein; MHC: major histocompatibility complex; NS: nerve
system; PNS: peripheral nervous system; RT-PCR: reverse transcription-

20  polymerase chain reaction; SCI: spinal cord injury.

BACKGROUND OF THE INVENTION
The nervous system comprises the central nervous system (CNS), composed
of the brain and spinal cord, and the peripheral nervous system (PNS), consisting of
25  the nerves and ganglia outside the brain and spinal cord. Damage to the nervous
system may result from a traumatic injury, such as penetrating trauma or blunt
trauma, or a disease or disorder including Alzheimer's disease, Parkinson's disease,
multiple sclerosis, Huntington's disease, amyotrophic lateral sclerosis (ALS),

diabetic neuropathy, senile dementia, and ischemia.



functional recovery after injury reflects an ineffective dial og between the
damaged 5 tissue and the i nmune system Thus, the restricted comrunication
bet ween tWe 03@85@nd bl ood- bor ne nmacrophages affects the eapacoxops5ef
axotom zed axons to regrow, but transplants of activated macrophages have
been shown to pronote CNS axonal regrowmh (Rapalino et al., 1998). Since

i [ i CNS, d t d t; - 10 ti
ol owi ng. Wil B BRSSPl GTcaft B i gieRiohordpBle BRUST 00
of mot g%e}lﬁ%digﬁxﬁ@gﬁéiysu&%n%#nﬂﬁﬁlolgﬁ% P& ctioRk Gré RélHfivelySithite@fi € ONS,a

devast resuffts not only fromdamage to directly

i nj ur egh DRSO RRIARANPAGHe Peegs.aTherfailinet ofhsandmomlianeCNRdaraghitawage t o
nei ghboring neurons that éscaped the initial injury. These 15 secondary
event s figrctionalisedveny aftgr imjunytreflactsian inpfisetivediplgg bebresn hedamagedye

sel f - conmpounds, such as physi ol ggi cal substances in t.oxic exces f their
nor¥ral tigﬁ@v@ﬁh thyg IW%EX%@H- pﬁlg%cth‘& rgfstrgcgffcf -Cegﬁlﬂ)lgﬂﬁ%(]téon( Egt%geﬁ% %93) . |
Recover ro SCl, ,may t hu ' | -SRI damage
(o O A B ITRYs iRl SUARYER Y BB CE Mk IR EN S0 Ho P
whose ' i infdr6pHdgoes haby beeg shewatd BaCNS, et

al ., 18@6?@2@%@?%@%@5g)lf.%,ktl{l,%tgg; nglgidng,eggf gl .%91995; ng?r??e, et al.,
1997; Brbddleegrovah (Rhpalid®8dal. BOOBRa, et al., 1999; Blesch and Tuszynski,

1997; Bregman, 1998; Brewer, et al., 1999 Oonstantigi and Youn%(5 1994,
Crowe, et alincel@promy dnzéhe wemamaliant NS oy iy, updersg) SPOBIGREOUS iy et
al ., 1994; Moal e et.al., 1999). mrune i nyol Rt 4 lnLuries has
| ok bé%?nﬁm’tﬁ)&hg}’]tl%w%émamm ,quélﬂ udYBE% é%%yoarﬁ%é%%fer@?/ ianga EH{JI ay an
active,part | | at i : mage. The primary | esion causes
change%‘gia)ﬁlé e:ﬁ%gf%{ 2&1 %@aﬁ%ﬁwg{%?ﬁ%n. Until very recently, the
consensus V‘@%ﬂeﬂ adordl HhjudyTBCY) yfteehhs aadewastatipgraitéme, Whichaesylts not t he
spread of dafage and, "accordingly, that any imune activity aftef spinal
cord 3@niyfrony damage do kkreatlyiidpued newions ngeppor Aegengseiiondid H0eHebr e
focused on 2 WO 03/105750 PCT/1L03/00500 . reduc t.he.infla i after
spi nal seenmdlarnjdangagsyta ﬁé&hb@ﬁ@gv@qqﬁoﬁl%%&t %@Bgé gﬁe inffial il The’

15 secondary events are caused mainly by the activity of injury-evoked destructive

self-compounds, such as physiological substances in toxic excess of their normal
levels or degradation products of self-compounds (Faden, 1993). Recovery from
SCI may thus be improved by preventing the spread of damage (i.e., by
neuroprotection) and by promoting regrowth of damaged fibers whose cell bodies

20 are still viable (i.e. by regeneration) (Basso, et al., 1996; Bavetta, et al., 1999;
Bazan, et al., 1995; Beattie, et al,, 1997; Behrmann, et al., 1994; Bethea, et al.,
1999; Blesch and Tuszynski, 1997; Bregman, 1998; Brewer, et al., 1999;
Constantini and Young, 1994; Crowe, et al., 1997; Franzen, et al., 1998; Hauben, et
al., 2000; Liu, et al., 1994; Moalem, et al., 1999).

25 Immune involvement in CNS injuries has long been thought to have a
deleterious effect on recovery and to play an active part in mediating secondary
damage. The primary lesion causes changes that include local inflammation. Until
very recently, the consensus was that inflammatory cells are responsible, in part, for
the spread of damage and, accordingly, that any immune activity after spinal cord

30 injury should be avoided or minimized. Attempts were therefore focused on
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anti-inflammatory agents such as nethyl predni sol one. Studi es over the |ast
few years have provided evidence indicating that cell- nmediated i nmunity,

i f properwoosoo7s®l | ed, plays a pivotal role in regrowth @CTihe/00500i nj ur ed
spinal cord and its protection from secondary degeneration (Butovsky, et
al ., 2001; Hauben, et al., 2001; Hauben, et al., 2000; Hauben, et al.,

2001; Hauben, et _al., .200Q). A proper| i after
spi nalredeeigg ¢he HHIE}TBWEPQ@(%?‘%F ﬁPHfaér Cﬁ‘é{ Hliult%'g% lr’t%%l ieng ts\ggy ggrgﬁ%%ggdgéfﬁr om
secondary. ener at i I ' of danmaged fibers, and pronote
regrovﬁrﬁxlf&]eag@%ﬁp&a grgﬁgﬁ&ggigfe@jlgfréﬁgésﬁmne@lo i mruni zation with T cells
specific t OStﬁgiéE [@er RS R4 Tty adaesha@providsdeviteade indichting dheaticglins
reduces secondary degeneration in rat and nouse 2gt)dil s of o }ilc tE{erve
crush gedppidahmonits, toptaperlyncanticdieds plass zaptvotalowle ngegawth & B 2000;
Moal em et al., 1999; Yoles, et al.., 2001). reover., | ' tation of
nmadr opimgired spinal oadeandoifs RFPLEEHV) @amceeﬁ%l?/ih@gﬁ ?‘%’@b}l r@g@:‘lgk 1 éé[?dg]’ y
transected 15 spinal, c . ti r . e {Meb&, @t h with
some r Q%é’i“})‘h?& e?%c%@no%lﬁatg%%%TAEEFG%(?’?EE@%%%;&%g’zgrggg’- Spi egler, et
al ., 1996, | t : cafter Nanalsc@do ic Ngve
%]Z?an?ﬁ,p%oéﬁg?ﬁlg fogﬁgrolledjlﬁ'ﬁﬁ&ne_ k&8pbiad dysina 1841

6,117, 5, all assigned to present applicants,, disclose
et ModgyAfchdROsiotépaiedriibidrs frose saongdhtyodegesrtaiionorershe REk begies

phagocytes to pronote axonal regeneration in %ﬁhde CNS o{) a.rrammlc -‘)gri or to
admi ni of rdaagedi fiberst adop@rostet Frgrawthndl saverrd R8QRS- ol &V Of 495YSry, for
exanple, in_ injured spin cord. the nQan . ipegf er abl y
actQ vatremusizagignt YYFtihnE ERLSPEgEe N c%ﬁ{aﬁ Ig&gﬁﬁgnus ?gtég{rjgwg\l@s%g@%%h as a

nerve _segment., iy | ' Gh trhoaed nivtisenaodels mbroptiof sai d
sti mul 356 1@%&%@2({65%?&%%13’? rbrﬁfg?gl?y cells or medium concii@t i oned by

sti mul | S hidhcadtukoas(Fisiee, bt al.p@003) Bauben, ¢eabged@lie. g. a
cyt oki ﬁgﬂfseyugﬁ@%s&é\ﬁféaslgbl L-CZ, ! I L-g,l |L-4, 1L-10. PCT Publicati oanﬂ;lo. WO
99/ 600Mloglbmt het pL.esEI0; alplasc ait 8l.d@901).bdMoregbemolocal dAPINRUN fent i ng

O e O e s o2 el . o B, Bhhgucdhe
15 spinal cord or optic nerve leads to regenerative growth with some recovery of
function (Franzen, et al., 1998; Lazarov-Spiegler, et al., 1996; Rapalino, et al.,
1998).
US Patents No. 5,800,812, No. 6,117,424 and No. 6,267,955, all assigned to
present applicants, disclose methods and compositions for the use of allogeneic
20 mononuclear phagocytes to promote axonal regeneration in the CNS of a mammal.
Prior to administration into the CNS of the mammal at or near a site of injury, for
example, in injured spinal cord, the mononuclear phagocytes are preferably
activated by culturing them together with a stimulatory tissue such as a nerve
segment, dermis, skin or medium conditioned by one or more of said stimulatory
25  tissues, or with stimulatory cells or medium conditioned by stimulatory cells, or
with at least one biologically active agent e.g. a cytokine such as GM-CSF, IL-2,
1L-3, IL-4, IL-10.
PCT Publication No. WO 99/60021 of the present applicants describes
compositions for preventing or inhibiting degeneration in the CNS or PNS for

30 ameliorating the effects of injury or disease, comprising a nervous system (NS)-
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WO 03/ 105750 PCT/1L03/00500 specific antigen such as nyelin basic protein
(MBP), a peptide derived therefromor T cells activated therewith. PCT
Publ i cat iwo oBla0os79¥0 02/ 055010 of the present applicants diPSEITDEANS00
pharmaceutical conpositions for pronoting nerve regeneration or reducing
or inhibiting degeneration in the CNS or PNS to aneliorate the effects 5 of

I njury or, di sease conipri si ept i de { ne bl ' a

Sl - pEpifsamIE R ER o roviL R Biste RSB P R e B epontor
consi sts_in t e n 2 ) 92/@85@1 0 efithieiggesehtt he
self-;tﬁtehﬁ@cg‘g’a‘iﬁdfﬁ%?%ﬁ{{ﬁ' gr%qfngagg?%{c’rﬂgg}kgu?s? sai d rmdifiedqﬁc:\ls pepti de
still 'ﬂagn@f%ﬁ?élbﬁsoéha'i“ﬁﬁ@@lﬂi@l eempbbitiofis def promeciing orrvesegoméradan by t he
sel f-peptide but wth less affinity, or T cells 10 activated by such a
modi f i @cre@Singeant intibitiip elegepahtiorin GepCNUAE PNT & paie emt?/g‘%eeefyf?ﬁér ewi th
ol (i anek B 0ncl s POTTARAE 8ep6s obE % ST BERITTRT B UFEES ot of
gl ta : , both o
t he present | i can di s¢kos t 1 el ept ies and
pol ype&rf"(félsa[g P c@ﬁss's%ecctléiga lg%ékt%herggl\?\fltl hmé)rgglt?%%t%dlﬁS@éﬁgtfel |s from

gluta hE i enhifdy atidhididuenenft thieaselfipeptids by i diffepent pronot e
nervenfeégaé:tr‘?g[-frézg1 iot(gnoﬁg{ I{r%IFé&XC(LENﬁsll %)r I%NIS. WO 03/ 0022140, paI so of the , present

appl i caRlf adiisebidaes dadimddified NS peptidpstill-leing oapatde of reseasrriPscal | ed
pol yGI and al so designated polyYE) and T ce|lls activatgd.fherew th protect
CNS  cthel E-ceHawceptar mmn@@lzedxbsctheyseéﬁaem{f‘o{?ﬁétr‘éf nIFS%Pﬁ?fH Pt Wn%e&%nm

degeneration,  or 2 ro e rve regeneration in the CNS or PNS.

Spg‘ki f petaiatsd bYﬁu%gr%?r}gﬁﬁdRﬁ\Ingn&appl ications that in optic nerve
fibers, the [ Vi NPT &lisNRtivaradhbRAviEe Weke shewn o @onfércant |y
hi gher in tﬁﬁgggow{l%sngle orrr cgetcl)]]s%gvu, Tyr-i rrrrluni zed mice than in the
mi ce i uuRbAREctAE Bnd B pRstEeVENS cells RS gliamatatukicity. RGT Bublicatiens pat ent

applications cited herel nabove are hereby incorporated (Ey r ef e&r e in
their WO ®EIi52878 undSVOX 01/9BBY3,dvash o she Preseat applaganis.rdieelpsrethah{1Ahe

A R e et
i 30 SER OB ARSI TS e e Suna dseninge can
promote nerve regeneration in the CNS or PNS. WO 03/0022140, also of the
present applicants, discloses that the copolymer poly-Glu5 OTyr® (formerly called
polyGT and also designated polyYE) and T cells activated therewith protect CNS
cells from glutamate toxicity and also prevent or inhibit neuronal degeneration or
20 - promote nerve regeneration in the CNS or PNS. Specifically, it was shown in said
applications that in optic nerve fibers, the number of surviving retinal ganglion cells
was significantly higher in the Cop 1-immunized or poly-Glu, Tyr-immunized mice
than in the mice immunized with the adjuvant and PBS. Each and all patents and
patent applications cited hereinabove are hereby incorporated by reference in their
25 entirety as if fully disclosed herein.

An effective immune response involves two major groups of cells:
lymphocytes (B and T cells) and antigen-presenting cells. Unlike membrane-bound
antibodies on B cells, which can recognize antigen alone, T-cell receptors on the
membrane can recognize only antigen that is bound to cell-membrane glycoproteins

30 called major histocompatibility complex (MHC) molecules. There are two major
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30 called major histoconpatibility conplex (MHC) nol ecul es. There are two
maj or 4 WD 03/105750 PCT/1L03/00500 types of MHC nol ecules: class | MHC
nol ecul eswarog/iexxpr essed by nearly all nucl eated cells, amdTaLes®sdol NMHC

nol ecul es are expressed only by antigen- presenting cells (APCs). T hel per
(TH) cells, characteri zed by the presence of CD4 nenbrane gl ycoprotei n on

Ejlhglplrasgr&l’c ?%Cfe]é@'ﬁ@ at. @%SS@W ymf)geccéﬁ%’gs on@%e sur gcﬁe&gI APCs. APCs

first t apyd n akdt baly byt & hound to
B 1?5&%(; m)rec %&s 1 Hl]ﬁe nsbleBlIay dtePésire ly byt agkige

a cl ass e, ont r menbrane. The TH cell recogni zes and

i nt er agleSenti Beﬂsh@'&BGE) dehelpeafby) telW@hmbmrmed byothe! preseneetdfcCRENbr ane
of the APC. addi ti onal co-stinmulatory gnal, is then produce%d by the

APC, | mathbrgnd: glytdoprotein e thainsurdaces Bre h@tl"ﬂipd:@‘{ en taey, BSOS s can
f t APCs. The di st t f t th
hbi3 1 i dinpraaied tescaer yAth s ML ARSIk TS o HERTAREEY AP 0 o ory

ells, nlﬂ%\%ﬁ%g‘féet IR e A L AR B LR oA b ectend 1 r om

hemat 09%1 édu‘-letcﬂf ﬁiéﬂhm%hﬂ)ram’ eTley Tyldetiergegtines akindgmets pat hway
of therr eve opment is not fully elucidated. It is not clear_whet t her DCs
devel opitasthpamtigeh-dldss THEymelatnbs ophatps o Heagembrane @fﬁh@a’?&P@ ely
separate |lineage. Blood DCs devel op from bong. marro el oi iy sors
and t hedditiohak corttimuelatory sigaak s d B%% Hrﬁf‘Bcﬁﬂe e F%"n\t%%pé% ‘f‘g

classified 20 ording,to their tissue specific |ocation, nanely:
Lah er AGHEALION agt% ng% ms and nucous nenbrane), and interstitial (heart,

| ungs, livery Vlfﬁl thcon cdE ¥ q'noﬁfﬁ%ﬁéﬁ'aﬁ%PCEV’Fﬁé Mistinguishitigtdanirensf thpsesent in

T-cell areaS o tissue and the thymc nedulla) and
cirecul akfgs (thleﬁoﬂb nts)t ek smmsn% MHChendieades laadktr ywebiger aafg- t he

| ynph) DCs. fferent | ocations have diffe for and
functi enmLﬂ)arbrﬁlsignai Thlhaemeélr@pps are stassifiad NDBEOfF?%?n%Géé&Ft E}?Ii“i}setF

express high | evels of tl ass II VHC nol ecul es and nenbers of the
co- st i wellatmagrophagesAnd D IHRRRPCYT

15 Dendritic cells (DCs) descend from hematopoietic stem cells through the
myeloid lineage but the exact pathway of their development is not fully elucidated.
It is not clear whether DCs develop as part of the monocyte/macrophage lineage or
from an entirely separate lineage. Blood DCs develop from bone marrow myeloid
precursors and then differentiate in the tissues into different types of DCs classified

20 according to their tissue specific location, namely: Langerhans cells (epidermis and
mucous membrane), and interstitial (heart, lungs, liver, kidney, gastrointestinal
tract), interdigitating (present in T-cell areas of secondary lymphoid tissue and the
thymic medulla) and circulating (blood, constituting 0.1% of the blood leukocytes,
and the lymph) DCs.

25 The DCs in different locations have different forms and functions but all of
them are professional APCs that constitutively express high levels of both class II
MHC molecules and members of the co-stimulatory B7 family, namely the
glycoproteins B7-1 and B7-2. This allows effective presentation of antigens
together with class II MHC molecules to naive Ty cells and delivery of the co-

30 stimulatory signal necessary for complete T cell activation, that leads to their
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gl ycoproteins B7-1 and B7-2. This allows effective presentation of antigens
together with class Il MHC nol ecules to naive TH cells and delivery of the
co 30 stiwoloatei7yo si gnal necessary for conplete T cell act®PCraLoaonsoot hat

| eads to their 5 WD 03/105750 PCT/1L03/00500 proliferation and
differentiation into effector T cells that carry out specialized

functions, B fthese.charact @gi sti jrd
pot entPFORREBUOR AR L PBBRIENS AN BTEENEs. BOEh oF THON Redd (o be
act i va@ggggg_oggcatl{ggyof GRde %A%d&%s@%, AHCS - arSexRisileral s mosd Ipotamtes,

cl assi as ‘nonpr of essi ona can be induced to express class ||
MHC noApeyliRsn aniréplfdes bhd® edliy, poti ohwhichiesdrisiwesctiviatedderforasthey
literature assigns a Key role to dendritic cells (DCs) .in,pr &éng and
modul atdmfmictionras ABEpobevesali atheeerlt Bipesaplasslied iaﬁﬁﬁHBTOf?%‘g'Eﬂi ¥n
particular (Knight, et al., 2 - Llin t al 20 | mune

celi s Gakeisiucad ﬁ%sxpﬁeéﬁekaﬁ%ﬁ%@ém%‘aﬁei%‘léﬁf’aﬁgﬁ%@r‘}?‘%é@nﬁkve an
extraordi nany 10.capaci ' - e deiicr &list uality
of the T ceﬁ C%é%ecfﬁ@%,g%rfd& ﬁfr?lkwg%éﬁﬁéllﬁ rr%??yirgn%luﬂr?zder esponses d?l\%?l man and
St ei NnMBN.-308khe dRE1 mollfagiabSimMame fespohesnierganeglaaniy eu@inoiuneuni ty to
conferring |m"ruﬁe tol erance, "and they are capable of bringing about
Changeﬁes'}z)ﬁnéresci@ parpictirar i (Katightn e Bl.; 2802; kinkalet al.18001). DGs a5 IMpyue; X ao,

et al., 2001). 15 The diverse activities of .DCs_Jin jnmune requlation are a

f unct i oellowhoke prigicipal Sinctias ispmtigemspiesCHAROR Ffé%}/gbév,e a4 %ﬁ‘igf’r‘ﬁgaft he

functional .plasticiiy of, Ile stikl 1 ' &%%}1 They state

of 1¢rat G?WWntoo?tlmH]?i"e n@@’lglci,ceﬁg’ wtf()la%le C{Ur?giﬁ %gﬁhoéu?tbbal%g hes%oaﬁnlt%ext in

whi ch they. a I3 ' 0061Y.eThidit ieffectsmune
Bt nfsy S}@%@?e L&At 1Ih1@ 5@l Sisinfifan, D00 1).eFheit iefec

respon ges of DC differentiation were 20 recently

descri bef; frffcdrifen@ss aepaeaiteidbaity tokenfendrg immumefteleranceshed thaye DCs
are partitally or sem -mature, whereas onl

; fully matufe are )
i mMunogenicapablaef hieaging\aboui ghamgeswi Ehce?ihae@é@aaow?béﬁt&cs&é&ﬁ-atl889a nmune
response, seens tQ be the Qéﬁﬁﬁ)re%i on of CD86 (B7.2) and MHC class I
( MHC- | iTurley) 200R:e% 1800 R 'y with the release of proinflammatory
cyt oki nes, in particul ak .. I I - : 6.4 &sbtibNFofithd rom t he
Dcig (Lutz a J&GS@WSFSeer a&ﬁﬂb% _%Bf 5ekiig ﬁﬁrhhné?regﬁllatloﬁt:ar a | .1 0
diversity of DC subsets and lineages, as well as the functional plasticity of DCs

while still immature (Liu, 2001). The state of maturation of these cells, as well as
their amount and the context in which they are activated, determines the nature of
the resulting immune response. Three distinct stages of DC differentiation were
20 recently described, and it was suggested that tolerance is conferred when the DCs
are partially or semi-mature, whereas only fully mature DCs are immunogenic. The
decisive signal, which induces a T cell-mediated immune response, seems to be the
expression of CD86 (B7.2) and MHC class II (MHC-II) molecules concurrently
with the release of proinflammatory cytokines, in particular interleukin (IL)-12, IL-
25 6, and TNF-q, from the DCs (Lutz and Schuler, 2002).

Since DCs possess the unique ability to prime both naive helper and
cytotoxic T cells, much interest has been fostered in their possible use in immune
response modulation of infectious diseases, cancer, and autoimmune diseases.
Dendritic cell-based vaccines have been proposed for immunotherapy of cancer

30  and of bacterial, viral and other pathogen infections.
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Since DCs possess the unique ability to prinme both naive hel per and
cytotoxic T cells, much interest has been fostered in their possible use in
i mune rwemenewsiodul ati on of infectious di seases, cancePCTANE/@H00I nrune
di seases. Dendritic cell-based vacci nes have been proposed for
innunotherapy of cancer 30 and of bacterial, viral and other pathogen

i nfections. 03/ 50.PCT/.1 LO3/ f kide tbblit&@dd on of

any refererQ:lEal(’Fil %Wl%géfﬁ%w&f ;% S?‘%g % %:n%ﬁotrslégwrﬁ) not %)g construed as

an ad ! forl thaf V@il fFérRnésistaviaflable ds prdor drhéo pr esent

i nvent® 8 - g"é@%@%&gﬁ@@ ENT (aN It has now been found, in accordance

vm t h ttﬁ@ Refeivehfiignti on, that local injection of dendritic cells pulsed
gptl de derived from the nyelin basic protein sequence (MBP 87-99)

or an anal og of said peptide in which amno acid 91 was replaced by

al ani ne ( MBP- A9 resul ted | matic recovery of rats after 10 spinal
cobd HBMMIARY %’We HiFeI;WiENﬂng on thus provides, in one aspect, a

phar mceutlﬁe}@alqco omi%@gh lgrg%rcblsda%geq@nerel fg’sgﬁteﬁfvleﬁﬁoﬁeﬂﬂaslé(ﬂPCS) and

a pharmace carrier sai d APCs have been pul sed

with ag, %g}%ﬂt of % &ied cEIlQ?uHéﬂewﬂﬂhOHdep@lﬂal ddrived frbm 1ife fayelm hasicous

system specil |c antigen or an anal og thereof; a peptide 8gr| ved

from aﬂoltﬁnsmeﬁw(}aﬂﬂ gBo9por hn amalg (ﬁrmfbgepttdeeme\bf ichgmigg agihPdg or

derivative of said peptide; c) a copoityrrer eI e ted fromtge 19" Q4D

consi swasgepaca@b iyl 91@’911161(1\/13 -85 tavaited 1191 Cp@ﬁ?}’?ﬁ oLla

Copol ymer - 1- rgl at ed ol ypeptide and 20 poly- Glu50Tyr50; and (d) a non-self
ge$P1ﬂ BeRUS Mo di ng to the invention include, but are not limted

to hunman n ﬁf@ﬁfrﬁ haggs. | Snapge 4speet, paepharabicgutidendri ti c

cells. The gﬁ% té%‘?}t. ca i((g%)irrpom tlrgylgﬁgccor ding to t he |nvent| on_are

usef ul o&@hosition comprising antigen-presenting cells (APCs) and a pharmaceutically

acceptable carrier, wherein said APCs have been pulsed with an agent selected from
the group consisting of:
15 (a)  anervous system (N S)-specific antigen or an analog thereof;
(b) a peptide derived from an NS-specific antigen or from an analog
thereof, or an analog or derivative of said peptide;
() a copolymer selected from the group consisting of Copolymer 1, a
Copolymer 1-related peptide, a Copolymer-1-related polypeptide and
20 poly-Glu5 OTyr*; and
(d)  anon-self antigen.
The APCs according to the invention include, but are not limited to, human
monocytes, macrophages, B cells and, more preferably, dendritic cells.
The pharmaceutical compositions according to the invention are useful for
25  neuroprotection, namely, for preventing or inhibiting neuronal degeneration or for
promoting nerve regeneration in the CNS or PNS, particularly for treating an injury,
disorder or disease of the CNS including those that result in or is accompanied by
axonal damage.
In another aspect, the present invention provides a method for

30 peuroprotection, namely, for preventing or inhibiting neuronal degeneration in the
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25 neuroprotection, nanely, for preventing or inhibiting neuronal
degeneration or for pronoting nerve regeneration in the CNS or PNS,
parti cul awby3fie7sa reati ng an injury, disorder or di seasePOfi/ILIBHISNS

i ncluding those that result in or is acconpani ed by axonal danmage. In
anot her aspect, the present invention provides a nethod for 30

neur opr ot ecti on

namely, fqQr preventin r i nhibi.tinpg. neration
ot heCRE woEDSS. 108 mbotdrompescadmtetiteo g B iR il BLGE iitredl 46
adm ni stering to an kndiNi 4. &ieki thet of
Acs  FiteetioaguBfob Oty M8 S CRDREL Falh afechl Metetict o
consi st Hotd A) abo¥e. I n one particul ar enbodi nent,
t he ne%&o% grS{Sﬁggﬁgﬁl?%tﬁ%é:?%r? [ sm(}i rected to 5 preventing or inhibiting
neuronal degienae aiticulamembydiaNgtj theumgthodi fosmgsropspteciioada shirectedeioudi ng

those that result in or is acconpani ed hy axonal e. In,a further
aspect pravieatipg este ihibitingn npwiengl lpggeerationginn agy f‘gﬁgE?fBHBEoi ﬂ‘dor‘ﬁ’ér%

ti N h S PNS,, .whi ¢h ' 1.0 ' t
v dianss, indludie e gn Ft R A pG iR ar o ARSI L0 e
| sed withy 10 S i tedd ndtén t
(o *to (ay 1 d Bt eR R ot Bl Pl D R o A o o it
the depdrje iSocpRbdtfonusecdth NCNISe o2 XPHS| nehich bempiisesadministaring t¢ Ry,  1A)

FACS anal ysis of rat bone marrowderived DCs on the first dae{ &5 ﬁ'][;
cul t ur éndistidijal amdeat thereafiibn effeatjve emonng gl ABGs Rhﬁéhb\“’egé%ﬁ ls¢d Wi b nant

muri ne (rm GVt CSF drmL-4. Only. a few.cells 0% € ss both B7.2
( CiB6) aamgenwée@?i mﬁle(@?lﬂ’ cﬁﬁgﬁﬁﬂgé? t%a%?“&((la%g@@ éégcgfvg | ater, nost of
the cells (94% express |large surface amunts of both CD86 and MHC cl ass

Il nolecules. (Fig. 1B) FACS analysis of rat bone marrowderived DCs after

cul t ur igWE R fRPTTON IOF AR EREUREST rmGM CSF and rm L-4. The dashed
l'ine shomslﬁgt%lﬁﬁl ng v,g th control 1gG antibodies and the |ight and dark

li nes show gtipé.niAd Critidw rthatktbe slentiritiowetls pived) s teeexperiments Beewn ase
(CD45RA), respectively. As shown in the hist o%r am LS& cel lhs f:.Jlo HO}t?
expr esnates e(%ﬁ@rk%} EAQS:agaly:ju@)of@t ore grarpgw-derived DCs on the first da
15  of culture (d 0) and after culturing for 7 days in the presence of recombinant murine
(rm)GM-CSF and rmIL-4. Only a few cells (1.6%) express both B7.2 (CD86) and

MHC class II (OX6) molecules on d 0. Seven days later, most of the cells (94%)

express large surface amounts of both CD86 and MHC class II molecules. (Fig. 1B)
FACS analysis of rat bone marrow-derived DCs after culturing for 7 days in the
20 presence of rmGM—CSF and rmIL-4. The dashed line shows staining with control
IgG antibodies and the light and dark lines show staining with markers of
macrophages (ED-1) and B cells (CD45RA), respectively. As shown in the
histogram, the cells do not express these markers. (Fig. 1C) RT-PCR of DCs
cultured for 7 days before (left) and after (right) 2 h of pulsing with MBP-A91.
25  Cultured DCs express IL-6, TNF-a and 1L-12, which are markers of mature DCs,
both before and after pulsing with MBP-A91. The values shown are from one of

two experiments with similar results.

Figs. 2A-2C show the effect of local injection of bone marrow-derived

dendritic cells pulsed with myelin basic peptide MBP 87-99 or with MBP-A91 into

30 rats with spinal cord contusion. (Fig. 2A) Injection of DCs pulsed with MBP 87-99
8



cultured for 7 days before (left) and after (right) 2 h of pulsing with
MBP- A91. 25 Cultured DCs express IL-6, TNF-a and |L-12, which are nmarkers
of mat ur ewD@3/10578t h bef ore and after pul sing w th MBP- AAPCTIh@/00aloues
shown are fromone of two experinents with simlar results. Figs. 2A-2C
show the effect of |ocal injection of bone marrowderived dendritic cells

pul sed wi th nyeli,n basic peptide,. 8%-99 ' A1, i

W th SETFEPCHRaItE R, SR reneditary afigr Sefdre Sl SRk Sl iy, L3t <
87-99 i@g}(%?opg"/lbo?%@ei dibBSHRAROR hdight GresD iy, BRIdrS] HpNifRahE,

i medi atel'y af ter "severe spinal cord contusion (NYU inpactor, 10 g weight
drop f he@cprbRiabh iRinde SPD rasqif etsinstaphi grooph tomparsdofer BBEeinjested n mal e
SPD rats (n = 6 in each group) conpared to PBS-injected controls. (Figs.
(23, 2$pohuphslct(F1g. 2B, 2C} fhpjabfsetld 1NGs peedoith ML itpdhesite RE U | esi on
n = results in signifjcantly i d | t f . kN
negﬁggﬁmmgw d et i DR ONPIOKS! JoRUROIT CRPTONER G 11 %ant (+P
< . * ok <. t.ai ' _ SN _

reasur BurgRRisCtp Stset 4P Gty RN stlogligSignititint €7 200506 21
recor d . . _ SRR : :
examnm n (;%go '()?Oﬁ)}g%ag?eﬁ?,%thg%ﬁﬂ;ﬁ %?\? Sﬁaﬁd-g#k%ﬁelﬁgﬁtg? g}&gfaﬁeg El?ﬁg“alﬁ%?j O'I@r]ijpgl:'? |t on

of bongifrar 1 oRtegleri 9,688 PDANotnphiltshE sworgukaetded tin Big. i2C erevhote pépt i de
on spinally contused rats. (Fig. 3A) Imediately after spinal cord
cont usiindiveduakaite aSHP last timepoptl exethingt  deri ved from bone marrow were

locally injected_int h ' f inj. = 1

i 01 ar 1y | et 344 showdack ff Bens fbist deshiol Mgy 1u8EHoR phEBAE HR os

score of ea [ ' . : had [

val ves) .;rwsﬁ@@Eﬁx‘ﬁ%@&éﬂ%{s@ﬁ%@@a@%&%@ﬁé@éﬂﬁéﬁsﬁm e rent
Rt I 1@ '

average( g%\r??go}q ﬁlsecorelg Weresrpiﬁ}jagr?? ir(ggﬁmllszloogrOﬁa%%il?isg?gamﬁgﬁlgrilsﬁgms2hovved

t he sanferivetit fom bORé gnarrd®) wenerddealtyelinjecitd ente phesitecof dnjgmhtosida t he

animals received a local injection 20 _of eit B b :
B T el soe o o e Eospr S e TheRegy whppenl Siadcr Vel

' e%eseﬁl]tht shc%rggfs‘ Cac BgBro%f)%rt 5 im%av(\:rﬂel%c%"ﬂgs filve fiched plateau (maximum
values). Unpulsed DCs had no effect on recovery when compared to treatment with
the vehicle PBS. Results are a pool of two experiments in which average control
scores were identical. Four additional experiments showed the same pattern. (Fig.
3B) Immediately after spinal cord contusion the animals received a local injection

20  of either PBS or bone marrow-derived DCs pulsed with ovalbumin (6 male SPD
rats in each group). The bars represent the mean BBB score of each group at the
time when scores have reached a plateau (maximal values). There is no significant
difference in recovery between the two groups.

Figs. 4A-4C show limited cavity formation after local implantation of

25  dendritic cells pulsed with MBP peptides. Cyst areas in cryosections of spinal cord
of vehicle-treated rats (4A) and of rats treated with DCs pulsed with MBP peptide
(4B) (n = 4 per group). Cyst areas were measured (Image-Pro Plus) in three slices
taken from three planes in four spinal cords in each group (4C). Cyst areas differed

significantly in the different groups (P < 0.01, two-tailed Student’s t-test),



ti me when scores have reached a plateau (maxi mal values). There is no
significant difference in recovery between the two groups. Figs. 4A-4C
show | i mwed3aesrsay formation after |ocal inplantation of PCITBLe0GI0I ti C
cells pulsed with MBP peptides. Cyst areas in cryosections of spinal cord
of vehicle-treated rats (4A) and of rats treated with DCs pul sed with MBP

"t r suedssibe Pt asiont i BlCooiia, Ba R B R Sigp e R0t "o

(40 . S I M Sl g BV Tl ent groups (P < 0.01,

t wo-t a%/ee%nglﬁztgfn&{sngﬁ e%&a)s(b%gél\%@gé*%gf;%}%@é%lIcﬁgd; 00500 suggesting

that treat ”?'f%s. WAL BCRBR vPithsRA elirbdovieBPape pesulieoBlogal fréatarent yvitheahnges  t he
r

amount of syringoinyelia (central cavitation of the spinal cord). Figs.
5A- 5C siavow-terived dendritiveells pulsad mathualtered mysdia paptisgtaticsspigat UWhe

marrow deri ved dendritic cel]s pulsed with altered elin pepti fter

spi hal infemele Lewis, ratsntimaadigie ?E?rs.se‘ﬁeﬁ‘?réa}néiéﬂ%d %Phi’“%rg\/%f gglg%?enal cord
contusion, six female Lewi s .rats were -l ogal i NjAC i 5

Vb, A0 LLatie Sl peeenieansl dien Wi siT HBRAADASA D0 ik Tye. o

| nj ect i - - nul e t@, i i il : DAN

I o{:omﬂﬁé}[o@éedr &@ﬁﬁ@g&&#&a@ SFéeag@g)}/l %% %ﬁ% El:"%?ii&r?g&?g?l%%p<ﬂ(ﬁ5, **P o<
0.01, ggL@ u’é f@i §i§ﬁ}ﬁ§%ﬂ?ﬁﬁ;§foﬁreh&€ $1 Jodomotbaperformepenedsitedinather BBBANOVA,

P<_ 0. -test = 8.701). (5B, 5C) Photom crographs of Luxol fast
bl ue- straiingscalpi(hBI< 6dX5d *$Ec£ildhs tvoeailed Mudent swi-est AVe-1actos TeRrafet h

MBP- A91- pul sed DC cells (5B) or PBS (5C) |t B res of 8 or 5

r edPectmeasuyes ANYALL égot- s G b K-tefi & $-7§%}- Régb ?@ﬁ%@&%&?%ﬂ@s of e
representative . of spinal cord sectipns f.rom - LI control
rats t Haixakdpg lélrﬁl&r%tgl@ﬁgls@mﬁls‘fq{ﬁosﬁfﬁ%si g %@%&F&éf%ﬁ&é@%%g Not e
t he si ghifd t tihar .o ati ofsme B Uscoresl dfhe 5
signifi t’?‘?rfsﬂn%ﬁ%grﬁgysc éfis(ééigphge)f ﬁ%%tgspf g"fvﬁhFiBgBG shows Iac(lzr.of

neur Oprﬁﬁg&kiw?, BCinoMitsyatber i@pagrantdi teat@ieht Thess edctivnshareakpresentatiyel i n
pepti de P-A91 in rats deprived of T cells. Three_ nonths after _ undergoi ng
neonat adf spityaieotdsgctioms|feorBpwadle-meatedgnd srpo)coptrokrats that verg agalyred o

?ngm Wﬁﬁﬁgiyeg; elfngo(l) fgsqlbqgé si%?r{igg.C‘I(\)Ig%eut%leosri]gt%%%arvlﬁ}g %eﬁ@reﬁ]reééyvgﬁéﬁ d

of neural tissue and the significantly smaller cysts in the treated rat.

Fig. 6 shows lack of neuroprotective activity by dendritic cells pulsed with
altered myelin peptide MBP-A91in rats deprived of T cells. Three months after .
undergoing neonatal thymectomy, male Sprague-Dawley (SPD) rats (n =5 in each
20  group) were subjected to spinal cord contusion and were then injected locally with 5
% 10° MBP-A91-pulsed DCs or with PBS. In the absence of normal T cell function,
the DCs had no significant effect on recovery. The results shown are representative
of three experiments in thymectomized male and female SPD.
Figs. 7A-7C show that intravenous (i.v.) administration of MBP-A91-pulsed
25  dendritic cells promotes functional recovery after spinal cord injury. Sixteen SPD
male rats were subjected to severe contusive SCI and were injected i.v. with 1x10°
MBP-A91-pulsed DCs or with PBS. (7A) Ten days later, three rats from each group
were euthanized, their spleens were removed, and T-cell proliferation was assayed.
Splenocytes from rats injected with DCs pulsed with MBP-A91, but not from PBS-
30 injected rats, displayed a significantly stronger T cell response to MBP peptides
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x 105 MBP- A91-pul sed DCs or wwth PBS. In the absence of normal T cell
function, the DCs had no significant effect on recovery. The results shown
are represonBaci7se of three experinments in thynectoini zesdCraLe/@s@ f emal e
SPD. Figs. 7A-7C show that intravenous (i.v.) admnistration of NWP-A91
-pul sed 25 dendritic cells pronotes functional recovery after spinal cord

I njury. Sixteen SPD l e rats re subj tO- severe. co kve: SCI and
wer o | VY Bh-99.NRE 6§32 ANBREAR 10 MOCER Loy Beek R BaieSier T
days | at.er ree r.at r ' I ens were
rerovedt MRr-AOTEnIS S107 RS 0 U Ep B R R nERIBES

i nj ect gg: i th J 1pRupuRed With VIS AN ireyutetienh r at s,

di spl a%ggggﬁséi(g%?f??ﬁ?ﬁgﬁgsglﬁﬁg%{g%ﬁ 1t?glgl E)lr%esponse to MBP peptides 10 WO
03/ 105 §p&ifRGH Iy IR R FaAGioral BR BErPhaniBat eased aftet iA9 ifjectiemof BBROG
35-55, suggesting that injection of MP-A91-pul sed DCs mucggf cel |
r esponga =df e eachl graup, éwatfagtanyrepéated geapyEn \NOM), Pt PLBndhs :rﬁT'ect i on

f DCs pul sed with MBP- A9L lted | i gni f.i cant.ly better functional
ecovere a3 OReF abgivghairots o B BRE R BimbadTabl 251 "cacn

, t - t { ed : _ E t
Oor By, 07 G B sHSRE Bt TPy MY parfimistPatlie of NiBP-Ao1 Fpulée’ |
Fig. 8 alaue: Rl pubowanaRSniSrecovergdffoni spinal ol fjulyBRmARtistelys ed

dendri t1c cefl's prpgrmt es functional reCovery fromspinal cord injury.

| mredi affer tevabtontesve SEIe dearhalei SRD Sats, (f enhlasd SDDveret j¢ateds3- a¥ith 4) were
injected s.c. with 10 2x106 I\/BP-A91jEuI sed DCs, or wth PES. Th(g
DC1DBP-2590° t MBR-&P I-puksed d DG, ape dwithg BB S. ¢ dibel \DeaYiB-A9d dssated  rats

P=t oot hanlayachoieni foanabaiprosomplay metesymange than i otfipt B, S B5a P
12. 353), . Fi 9A- 9D. h ' t ' .d 1 f
i ot o B0 bivaeriEAteogEs SRSh PulSefid ChER M RNOVALE £PVE T 3
days irbgmcﬁc;thnlg_té&gsl%@ggf}l yzed as a result of severe contusive SCl

y

signifitc Fnproves Tunctional recovery. (9A) Twenty SPD nal es
underwent svgs & AT dhbWthatherelid agrapeatieinddwrafl K2 dayshfok anyetdemmot or

scores were randomly assigned to two groups. Six rats o
15  of dendritic cells pulsed with myelin peptides. A delay of 12 days in injecting rats
paralyzed as a result of severe contusive SCI significantly improves functional
fecovery. (9A) Twenty SPD males underwent severe contusion, and 12 days later
11 rats with low locomotor scores were randomly assigned to two groups. Six rats
received injections of 5x10° MBP-A91-pulsed DCs into the injury site, while the
20 other five were transplanted with 5x 10° DCs that were incubated in medium without
MBP-A91. (9B) At all time points measured, from 29 days (17 days after treatment)
to 160 days after the injury, the locomotor performance in the rats treated with
MBP-A91-pulsed DCs was significantly better than in control rats (*P <£0.05, **P
< 0.01, two-tailed Student’s z-test). The overall effect of the injection with DCs
25 pulsed with myelin peptide was significant compared to the control (two-factor
repeated measures ANOVA, P < 0.05, df = 1, F-test = 6.206). (9B) Scores of
individual rats at the last time point examined. (9C, 9D) Using a similar
experimental protocol, 5x10° MBP-A91-pulsed DCs (n = 6) or 5%10° DCs (n = 5)

were administered locally into the injury site of spinally injured male SPD rats 28
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received injections of 5x105 MBP-A91-pulsed DCs into the injury site, while
the 20 other five were transplanted with 5x 105 DCs that were incubated in
medi um wiwbeatos7eBP- A91. (9B) At all time points nmeasuredpcCnpbesv@Soodays (17
days after treatnent) to 160 days after the injury, the | oconotor

performance in the rats treated wi th MBP-A91-pul sed DCs was significantly

better than in t I at, 0.05,.**P < 0.0 t taile dent's
t-test?@ygrﬁ@eb\r%gﬂ 0e§¥gé’é IC?H’F @ Te1HiCe & |r8ﬁ°Wr§'h° opl%rgl&gs % h nyelin
peptid§ was_significant conpared to the control (two-factor repeated
measur gse A, P < 0.05 df =1, F-test 6.206). (9B) Scores of

i ndi vi dual F?%ss 1A tle H@Iﬁt:t o Mvﬂh Qﬁﬁfﬁsﬂﬁﬁam@ﬁio [Of thsi cuntasedl M | ar
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5) wesginadeonds s(tletéed\ﬂmqabhtins iaften SChethierspina) cer sewote exsised) ﬁyed,rqnsﬂr ed mal e
SPD rats 28 11 WD 03/105750 PCT/1L03/00500 days after SCI nlflcant
di 5§ er pleced iin S-avB MR dﬂbQShéFhev@glgﬁdtrﬁe%éepféﬁ%Wé‘a maps f C%t%

(108 w@f B! drf alcert RaDs; fipeted rulf BEP AT RS IEs ARLCS
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cont USG cordas rats t were locally injected with

VBP- A9 Cobitk S @@risporad dto Carisstedpy avslues! iTies fmps kkéw tpresergtitorc oof espond
to rostral -to-caudal axial slices. Colors correspond to ani sotrop val ues.
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S|tes of the treated rats, t hat t he Slt &_0 Ofth B}Jé %%de n]?ﬁ rats
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rat of ch group.” Loconotor scores were 8.5 for the treated rat and
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P group. Locomotor scores werep 8.5 for the tr%/atgaI rat andV\f bt}op tHe control.
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DETAILED DESCRIPTION OF THE INVENTION
According to the present invention, DCs specifically pulsed with peptides of
myelin basic protein (MBP) were injected into the site of spinal cord contusion in
rats. The purpose of this injection was to stimulate a well-regulated adaptive
20 immune response against antigens that are abundant at the injury site. We
postulated that the use of DCs pulsed with an MBP peptide might thus provide a
way to harness the immune system and exploit its functions for both protection and
regeneration of the injured spinal tissue (Hauben, et al., 2000; Rapalino, et al,
1998). In an attempt to obtain a beneficial outcome while reducing the risk of
25 accompanying autoimmune disease, we also pulsed DCs with an altered peptide
ligand, a segment of MBP (amino acids 87-99) in which the amino acid lysine in
position 91 is replaced by alanine. This modified peptide (MBP-A91) has been
shown to cross-react with the original encephalitogenic peptide, activating weak
self-reacting T cells and thereby inducing autoimmunity without the risk of

30 inducing experimental autoimmune encephalomyelitis (EAE) (Gaur, et al., 1997).
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nyelin basic protein (MBP) were injected into the site of spinal cord
contusion in rats. The purpose of this injection was to stinulate a

wel | - reguwvatoadozzdapt i ve 20 i nmune response agai nst anti gem€Tihe00&00e
abundant at the injury site. W postulated that the use of DCs pulsed with
an MBP peptide mght thus provide a way to harness the i mune system and

exploit_jts functions f.or .bot rotectign _an [ ' L njured
opi nal Whe wseq i bancciB it BBomIs oy, cufd 3] Caf oy profelfve

at t enpt ' f Lichial ot 0 ' gd NHatt DES' pelsed fwilth
accorrpéctl}\lgolqﬂgﬁgﬁtk}gi(%ﬁéid%tséelésze@\}\g' a S\c’)%%l{%ssggwm wei1 th asnpal‘t?ereld pepti de
| i gand VB prseaivRst p&btidBRT (et cittiet Jodilty98) systemivatly after BOI, rpyonwiel | ysi ne
in position 91 is replaced by al anine. This nodified peptide (MBP-A91) has
been sboowery o ofr dssemetort adivity.t HRewviery niasemésphaentioyedi BYpdeitie,

activating weak self-reacting T cells and thereby i cing autoi mmunity

wi t Boutbresesvatian mpsasyped W@thi%gléﬁﬁiélaP%ﬁfﬁéﬂml%ﬁ%%Mﬂg encephal onyelitis
(EAE) (Gaur,. et al. 997).. . P 0, ﬂ#@@g}t ed as a
vaccine in rlgt@Wﬁg?cﬁntj?lﬁrpéaseégil%i%&%r sz/?%sc%ﬁé@g ggg‘?%tceoét velH1§

aut oi | i hnd a2 faceltiCallye aeddptatslb @amder} helterédassad| sed
wth n@g{lﬁcfgsrlll(l e pepfqﬁfj%%l lilf ai 1";;}j%]erctagg eit r?:r |6£’f£a| l'y or ?syst emcally after
SCl, prAPC:have beay pulsedfwitlnamapemiseketddvirom. thRarowregnsiztingwio nmanif est ed

by tissue 5 preservation, neasured nprphol ogicall nd_anatom cal |y by
MR . In one (agpecﬂ nevies pysea{NSrspestiioant I XI&‘? g}eﬁ%&fgut i cal

conposi tion onpri si human Cs and hatac ' I p

carl® er, whebdin asaﬂeaggﬁlj%gwﬁgﬁoﬁb@ﬂ '&eﬁlﬁftaﬁlﬁghﬁz(ge%?ﬁgéﬁeé@ggf rom
the group consi stj f. dRid Yodtigpeci fic antigen or an
anal og thereof; 1%@%0(3% %r %@%?aﬁoo%%%g?ﬁ?}ae%yﬁ?égmla -Specific antigen or
froman anal@y thebpslymed! seiiti@hdtcrg the geoupvedrsistingf oS &lapopyapei dea (c) a
copol yner selécted fromthe group consisting of Copolyner 1, a_k Copolyner
1-rel ated pepti deCopolgmpollyredated peptideca Grnolpest-ildeldied Pobmeptide @y r 50;

and 15 (d) a non-self_apiiggn.
(d) poly-Glu%"lly%% ; and

15 (d) anon-self antigen.

As used herein, the term "APCs" is intended to comprise, without limitation,
monocytes obtained from peripheral blood; macrophages obtained from any site,
including any tissue or cavity; macrophages derived by culturing macrophage
precursors obtained from bone marrow or blood; dendritic cells (DCs) obtained

20 from any site, including spleen, lymph node, skin and lymphatic fluid; DCs derived
from culturing DC precursors obtained from bone marrow or blood; and B cells
obtained from bone marrow or blood.

Human APCs can be obtained from the circulation or from any tissue in
which they reside. Peripheral blood is an easily accessible ready source of

25  monocytes, macrophages, DCs and B cells and is used as a source according to a
preferred embodiment of the invention. APCs from other sources are well known in
the art and include, without limitation, macrophages obtained from serosal cavities
such as the peritoneal or pleural cavity, alveolar macrophages, and macrophages

associated with other tissues, (e.g. liver, spleen, thymus) where they may be known
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As used herein, the term"APCs" is intended to conprise, wthout
limtation, nonocytes obtained from peripheral blood; macrophages obtai ned
from any wotog/1057smcl udi ng any tissue or cavity; nmacrophag®sTdeed/oosw by

cul turing macrophage precursors obtained frombone marrow or bl ood;
dendritic cells (DCs) obtained 20 fromany site, including spleen, |ynph
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and, if so desired, cord blood can be used as a source of DCs which can be
cryopreserved for later use, if needed.

Especially preferred according to the invention is the use of autologous DCs
purified from the peripheral blood of a subject to whom the therapeutic preparation

20 isintended to be administered.

Because APCs, particularly DCs, occur in low numbers in any tissue in
which they reside, including human peripheral blood, the APCs must be enriched or
isolated for use. Enrichment techniques are well known to those skilled in the art
and include, without limitation, elutriation; repetitive density gradient separation

25  techniques such as centrifugation through material of suitable density, such as a
Percoll gradient; positive selection, negative selection and combinations thereof;
selective adhesion on suitable surfaces followed by removal at reduced temperature
or at reduced concentrations of divalent cations, mechanical removal, or removal in

the presence of lidocaine.
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15 preferred enbodi nent of the invention. Cord blood is another source of
human DCs and, if so desired, cord blood can be used as a source of DCs
whi ch carwbes/iey7yopr eserved for | ater use, if needed. EspeciraLéooproef erred
according to the invention is the use of autologous DCs purified fromthe
peri pheral blood of a subject to whomthe therapeutic preparation 20 is
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i nterface i InWashed, DGssconpsistedl sibsets: duinigatians wells (hCs)yhdcatized in e i n
Teflon bags at 37 C 5 Once the DC s are obtained, they are cultured in
appr oprhaatleanclsuprateaseklayers of theeppdartnis, rrndciatarstifig) arLarmal e HFeseRE nt ai n
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in the wyl?lhg'idjm%ﬁgage, and | ynphoid DCs which are CD4+, CD 11 c-, CD 13-,
CD33-, and CD 173+, and are present in blood and |ynphoid organs. The DCs
accor di ng t (ThBUsracentding tatlee prvehtivallry peaferablyautolognaistPemiraa the

lymphoid subset. They can be isolated by standard techniques for isolating DCs

15 from blood, bone marrow and lymphoid tissue. Preferably, at least 50%, more
preferably at least 70%, still more preferably at least 80%, and yet more preferably
at least 90% of the cells are DCs. Especially preferred is a substantially purified
preparation of DCs e.g. a preparation in which at least 95% of the cells are DCs.

Generation of large numbers of highly pure DCs is possible by in vitro DC.

20 culture systems. DCs can be cultured from CD34" hematopoietic progenitors
present in the bone marrow or peripheral blood (Caux et al., 1997, 1996) and also
from three blood precursors differentiated from CD34" progenitors: CcD14"
monocytes (Sallusto et al., 1994), CDilc* precursors, and CDllc- precursors
(Geijtenbeek et al., 2000).

25 According to the invention, the DCs isolated from blood may be cultured
without exogenous cytokines as described by Ho et al., 2002, or the DCs are
cultured in a medium containing at least one stimulatory biologically active agent
such as, but not limited to, transforming growth factor-beta (TGF-B), B-interferon
(IFN-B), IFN-y, tumor necrosis factor-o. (TNF-a), interleukin 2 (IL-2), IL-3, IL-4,

30 IL-6, IL-10, monocyte chemotactic and activating factor (MCAF), granulocyte

15
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In another embodiment, DCs are cultured in a medium containing GM-CSF
and IL-13 or, more preferably, in the presence of GM-CSF and/or IL-4. According
to the invention, large amounts of DCs were obtained after 7 days in culture in the
presence of GM-CSF and IL-4. In one preferred embodiment, for maintenance of
20 the proper state of "maturity” of DCs in in vitro culture, the cells are cultured in the
presence of GM-CSF, IL-4 or both, preferably in a combination of about 500
units/ml of each.
DCs can be cultured in any suitable cell culture device such as plastic tissue
culture flasks or, more advantageously, in hydrophobic culture bags shown to be
25  more suitable for the preparation of clinical DC vaccines, as DC can be generated,
antigen-loaded, and matured in a close system (Guyre et al., 2002).
During maturation DCs undergo major changes in phenotype and function.
There is a loss of endocytic and phagocytic receptors, whereas there are high levels
of surface expression of MHC class II molecules, up-regulation of co-stimulatory

30 molecules (CD80, CD86 and CD40) required for T-cell stimulation, and expression
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by culture for induction of DC in the presence of GMWCSF, IL-4 and TNF-a
for 7- 11 days and treatnent with the cal ciumionophore agent A23187 (Liu
et al., 2802p/10573Fhe expression of co-stinulatory nol ecul eCTTDBN05@D30) i s
up-regul ated by the 15 further treatnment with the i onophore agent. In
anot her enbodi ment, DCs are cultured in a medium containing G#CSF and
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are masgllyely exported to the cell nenbrane, where their half-life is

prol onged as the rate of endqcytosis is, | owered Pierre e | .. 97) .
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15 preferably after activation as described above, are pulsed with a NS-specific,

preferably CNS-specific, antigen or an analog thereof. The term "NS-specific
antigen" as used herein refers to an antigen of the NS that specifically activates T
cells such that following activation the activated T cells accumulate at a site of
injury, disorder or disease in the NS of the patient. Examples of NS-specific
20 antigens according to the invention include, but are not limited to, myelin basic
protein (MBP), myelin oligodendrocyte glycoprotein (MOG), proteolipid protein
(PLP), myelin-associated glycoprotein (MAG), S-100, B-amyloid, Thy-1, PO,
myelin antigen P2, neurotransmitter receptors, the protein Nogo (Nogo-A, Nogo-B
and Nogo-C) and the Nogo receptor (NgR). This definition also includes analogs of

25  said NS-specific antigens.
In another embodiment, the APCs, preferably DCs, are pulsed with a peptide
derived from an NS-specific antigen as defined above. As used herein, the term
“peptide derived from an NS-specific antigen” means that the peptide has an amino

acid sequence comprised within the sequence of the NS-specific antigen.
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10 cell nmenbrane, together with increased expression of co-stinulatory
nol ecul es, allows for highly efficient Ag presentation to T |ynphocytes.
At the ceWwbosuof7ace, these nol ecules remain stable for d&gs/TResdoaroe
avai l abl e for recognition by CD4+ T <cells. In one enbodi nent of the
present invention, the APCs, preferably DCs, 15 preferably after
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In one preferred enbodi nent, the MBP peptide is the peptide of SEQ ID NO 2
consi st MICdfinding sitei are alt¢rdd such dhassh@ alteed prptideriamonsmogpbalépgensp

87-99), of the sequence: V Hi s Phe Phe Lys Asn Ile Val Thr Pro Arg Thr
Pro ) and still recogﬁnze tﬁe T-ce areceptor. Y d

15 In a more preferred embodiment, the modified CNS peptide according to the
invention are analogs of the MBP peptide of SEQ ID NO:2 and include, but is not
limited to, a peptide in which the Lys residue 91 of MBP 87-99 is replaced by Gly
(MBP-G91; SEQ ID NO:3) or by Ala (MBP-A91; SEQ ID NO:4), or the Pro
residue 96 is replaced by Ala (MBP-A96; SEQ ID NO:5), of the sequences:

20 Val His Phe Phe Gly Asn Ile Val Thr Pro Arg Thr Pro (SEQ ID NO:3)

Val His Phe Phe Ala Asn Ile Val Thr Pro Arg Thr Pro (SEQ ID NO:4)

Val His Phe Phe Lys Asn Ile Val Thr Ala Arg Thr Pro (SEQ ID NO:5)

Other analogs such as those derived from the residues 86 to 99 of human
MBP by alteration of positions 91, 95 or 97 as disclosed in US 5,948,764 for

25  treatment of multiple sclerosis, are also encompassed by the present invention.

In a further embodiment, the APCs, preferably DCs, are pulsed with Cop 1
or a Cop 1- related peptide or polypeptide. Copolymer 1 or Cop 1 is a random
copolyfner composed of the four amino acids: tyrosine-glutamate-alanine-lysine,
that cross-reacts functionally with MBP and is able to compete with MBP on the

30 MHC class II in the antigen presentation. Cop 1, in the form of its acetate salt
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I n anot her preferred enbodi mrent of the present invention, the APCs, 10
preferably DCs, are pulsed with an altered peptide, herein referred to as
"al tered wpeptioxteo | i gand” or "APL", said altered peptide Iperngoszes@nal og of
a peptide derived froman NS-antigen in which critical amno acids in
their TCR binding site, but not MHC binding site, are altered such that
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15 that has been previously immunized with said non-self antigen. Usually, the
immunization with the non-self antigen will be performed soon after the injury
occurrence and the implantation of the pulsed DCs at the lesion site will be made 6-
14 days thereafter. In this way, the T cells specific to the non-self antigen will get to
the site of the lesion among T cells of other specificities but only said specific T

20 cells will be activated by the antigen exposed on the APCs and will display their
neuroprotective effect. In this respect, it is interesting to note that T cells specific to
the non-self antigen ovalbumin were shown by the present inventors to accumulate
at the site of injury but had no neuroprotective effect (Hirschberg et al., 1998).
However, according to the present invention, when ovalbumin is presented by the

25  APCs implanted at the site of injury, the ovalbumin-specific T cells generated by
previous immunization with ovalbumin, will accumulate at the site of injury, will
become activated and will exert their neuroprotective effect. When the non-self
antigen is tetanus toxoid, usually the immunization soon after the injury will not be
necessary because most of the individuals in a population have been immunized

30 once with tetanus toxoid.
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di scl osed in WO 005249, the entire contents of which are hereby
I ncorporated herein by reference. In yet another enbodi nent, the APCs,
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by putting the bags directly in a s .
15 medium, or any pharmaceutically acceptable fluid in which the cells are suspended.

However, alternative pharmaceutically acceptable carriers will readily be apparent
to those skilled in the art.
The pharmaceutical compositions of the invention are useful for preventing
or inhibiting neuronal degeneration, or for promoting nerve regeneration, in the
20 central nervous system (CNS) or peripheral nervous system (PNS) and, in
particular, for preventing or inhibiting neuronal degeneration caused by any injury,
disorder or disease of the CNS or PNS including those that result in or is
accompanied by axonal damage.
The injury, disorder or disease may be situated in any portion of the PNS or
25 CNS, including the brain, spinal cord, or optic nerve. One example of such injury,
disorder or disease is trauma, including spinal cord injury, blunt trauma, brain coup
or contrecoup injury, penetrating trauma, and trauma sustained during a
neurosurgical operation or other procedure. Another example of such injury,
disorder or disease is stroke, including hemorrhagic stroke and ischemic stroke. Yet

30  another example of such injury, disorder or disease is a disease associated with the
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i Db Yeoi RERGE ;g trauma, and traune sustained during a
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gl aucoma, - age-rel ated macul ar degenerati qn, optic n i nal
gfg: 22 Zduclm GOMPLISES admrlmﬁférmgﬁa@% 1831‘6 uaﬁr&% I‘S’Ed &ﬁgeﬁﬁ%ﬁ%ﬁe@%\rz%ﬁlggﬁf or
15 of a pharmaceutical composition comprising the antigen-pulsed cells, preferably,

antigen-pulsed dendritic cells, as described herein.

The NS-antigen-pulsed APCs, preferably DCs, can be administered to the
patient locally or systemically, for example, intravenously, subcutaneously,
intradermally, intratracheally or intranasally.

20 In a preferred embodiment, the APCs, preferably DCs, are administered
immediately following CNS injury and are introduced at or near the site of CNS
injury, by any neurosurgically suitable technique, for example with a glass
micropipette or a syringe. However, the present invention encompasses
administration of DCs also at any time, e.g. within a week, a fortnight, or even

25  more, after the CN'S sustains injury, disorder or disease.

The optimal dose of antigen-pulsed cells for use in humans may be deduced
from the experiments in rats described herein, according to which the optimal dose
for treatment of injury in the spinal cord by local administration was found to be
5%10° DCs, 10% DCs for i.v. administration, and 2x10° DCs for s.c administration

30  per rat spinal cord. As will be evident to those of skill in the art, the dose of cells
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15 contusive injury in rats treated by local injection of bone-marrow-derived DCs

pulsed in vitro with the myelin-derived encephalitogenic peptide MBP 87-99 or the
non-encephalitogenic MBP-A91. The improved functional recovery was manifested
by an increase in functional activity measured by locomotion in an open field, and
by enhanced survival of neural tissue measured morphologically and immuno-

20 cytochemically. The morphological analysis further demonstrated reduction in
cavity formation and increased sprouting.

Recognizing that recovery from spinal cord injury can be facilitated by
boosting a well-regulated local immune response, the present invention examined
the effectiveness of local injection of efficient APCs, namely DCs, committed to

25 myelin antigen, rather than injecting T-cells activated by antigen or systemic
vaccination. The results herein showed a significantly improved recovery in spinally
injured rats injected with DCs pulsed with selected peptides compared to vehicle-
injected controls. |

Injury-induced self-destructive processes cause significant functional loss

30 after incomplete spinal cord injury (SCI). Cellular elements of both the innate
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neural tissue and diminished formation of cysts and scar tissue accompanied the

improved functional recovery in DC-treated rats. The use of antigen-specific DCs
may represent an effective way to obtain, via transient induction of an autoimmune
response, the maximal benefit of immune-mediated repair and maintenance, as well

20 as protection against self-destructive compounds.

Without wishing to limit the scope of the present invention, the following

examples are provided to illustrate preferred aspects of the invention

EXAMPLES

725  Materials and Methods

(a) Animals
Inbred adult Lewis or Sprague-Dawley (SPD) rats (1012 weeks old, 200—

250 g) were supplied by the Animal Breeding Center of The Weizmann Institute of
Science (Rehovot, Israel). Rats were housed in a light- and temperature-controlled

30 room and were matched for age in each experiment. All animals were handled
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i mmune- nedi ated repair and mai ntenance, as well 20 as protection agai nst
sel@-démm&gm@elsﬁq?ipounds. Wthout wishing to linmt the scope of the
present invention, the followi ng exanples are provided to illustrate

preferred aspects of the invention EXAMPLES 25 Materials and Met hods (a)

Ani mal 36) g?_%ﬁ%%r%ﬁ%ﬁggt@_ggwmy@ eNainSRRktiont s (10-12 weeks ol d,

200- 2 wer e ‘supp nimal Breedi ng Center of The Wi znann
I nstitute offoFCRENCvdsRefea@td ushid @RI . R&eat®@eFer e dirst-stranal ¢DHY - and

t enperature-control |l ed . _ .
synthesis reaction, RNA was incubated at 65°C for 5 min, chilled on ice, and then
15 reverse-transcribed in the presence of oligo-dT primer, 50 mM Tris—HCI pH 8.3, 75
mM KCl, 3 mM MgCl,, 20 mM DTT, 0.5 mM dNTP mixture, and 200 U of
SuperScript IT Rnase Reverse Transcriptase (Life Technologies, Rockville, MD) at
42°C for 1 h. The generated cDNA was amplified with 0.6 U of DyNAzyme 11
DNA polymerase (Finnzymes Oy, Rihitontuntie, Finland) in the presence of 50—70
20  pmol of primers, 0.1 mM dNTP mixture, 10 mM Tris—HCI pH 8.8, 1.5 mM MgCl,,
50 mM KCI, and 0.1% Triton X-100. The cycling conditions were 30 sec at 94°C
for denaturation, 1 min at 60°C for annealing, 2 min at 72°C for extension, and 7
min at 72°C after the last cycle. cDNA samples were amplified by 24 cycles for L-
19, 34 cycles for IL-6, 33 cycles for TNF-o, and 34 cycles for IL-12 p-40. PCR
25  products were visualized after electrophoresis on 1.5% agarose gels by staining with
ethidium bromide. The following primers were used:
[-19: 5’CTGAAGGTCAAAGGGAATGTG (SEQ IDNO:6)and
5*GGACAGAGTCTTGATGATCTC (SEQ ID NO:7);
IL-6: S’ACTGCCTTCCCTACTTCAC (SEQ ID NO:8) and
30 5*GTATTGCTCTGAATGACTCTG (SEQ ID NO:9);
24



30 room and were matched for age in each experinment. Al ani nmal
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_ _ t-strand
cDNA synt hesi s Sé@m@GTMGﬁﬁT(ﬁA@%aTE@ at (géélﬁﬁ%glﬁn, chilled on
ice, and then 15 reverse-transcribed in the presence of oligo-dT primner
50 M Tris-HCL pH 8.3, 75 nMKC1, 3 MM WMyd 2, 20 nM DTT, 0.5 nM dNTP ,

m xt ur nd 200 U of uper,.Scri-nt Il Rnase R T ' '
TeohnolBgbregar el T FOMEIEEEB 1o (or 3 e The gener ated GDNA wss
anplified wyd %Fﬁel gﬁ%ra@ﬂ'\lﬁ%m%é maRGw IS} ynpeaiasyFdeseribedsmeghod

Ri hi tontuntie, In the presence of 50-70 20 _pnol of_ pri 0
dNTP n(]gﬁ&ir) et al0 199D T Ta$mbiE] eqo&l.,s1998)1.%itm\spmmodiﬁgatiﬁmw@e?mage&@ 1% L

Triton X-100. The cycling conditions were 30 sec_at .9 '
1 nin @bid0Gefeorernovedlfrom, ethenigedimatpes masle RQn@%f&?—%“ig’r@e Eﬂ?altﬂ ;f t I7(2)?:’

ggﬁé ;g }S‘;gf;plfegféﬁ s leaandycamoechys UpRie ach 4 (g napIcHet oy Thoe
2 Al DG A Sl e oo mom s 5
SO Ty P %%%ﬂg@%%@%% S%Wmmq SEQ I D
and magnesium-free PBS using a syringe with a 23-gauge needle. Cell aggregates
were broken down by vigorous pipetting. Red blood cells were lysed with ACK
15  buffer. Bone marrow cells were counted, and plated at 2-5 x 10° cells per ml in a
250-ml flask (total 15 ml). The cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with penicillin and streptomycin (100 pg/ml), L-
glutamine (2 mM), B-mercaptoethanol (50 M), pyruvate (1 mM), non-essential
amino acids (1:100), and 10% heat-inactivated and filtered fetal calf serum (referred
20 to hereafter as DC medium). The cytokines recombinant murine granulocyte
macrophage colony-stimulating factor (rmGM-CSF, PeproTech, Rocky Hill, NJ)
and recombinant murine interleukin 4 (rmIL-4, PeproTech), both at 20 ng/ml, were
added on day 0. On days 2 and 4 the culture medium was replaced with DC medium
supplemented with cytokines and the floating cells were discarded. On day 7 cells
25  were collected and centrifuged, and the pellet was resuspended in fresh DC medium
(without added cytokines; 2 x 10° cells per ml) containing the specific antigen (20
ug/ml). The cells were pulsed (i.e., incubated for 2 h with the antigen), washed with

fresh DC medium, and kept on ice until injected. Just before injection the cells were

centrifuged and resuspended in PBS (5 x 10° cells in 5 ul PBS for local injection;

25



30 5' GTATTGCTCTGAATGACTCTG (SEQ I D NO 9); 24 WD 03/105750 PCT/1L03/00500
TNFa: 5' AGGAGGCGCTCCCCAAAAAGATGGEG (SEQ ID NG 10) and

5' GTACATGEOUGIMSTACCAGTTG (SEQ ID NGO 11); 1L-12: 5" AGATGACATIRGONSGACCT
(SEQ ID NG 12) and 5' CTTTGGTTCAGIGTGACCTTC (SEQ I D NG 13). 5 (d)
Preparation of rat dendritic cells DCs were generated from bone marrow by a

[ |y, d i.b t hod Lut . ot ; S, fo998) ,
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15 Suf Feri.v. Bajeetions ¢edly e 18) episdd i@y Vellhg pl ated at 2-5 x 106 cel I s

per M ina 250-m flask (total 15 m). The cells were grown in Dul becco's
nodi fied Eagle's nedium (DVEM supplenmented with penicillin and

strept i. N . m), L- glutamne (2 nmV, P-nercaptoethanol (50 .i M,
CPRp el

pyruva -essential amno acids (1:100), and 10%
heat - i nact i Ralsefe@Ngndstidtioed by ritamusatlar sejeation odfRempun fuylesingedBaf t er as

DC medi . Th Ki mbi ' I h
D e ool eshoond Foenintianing, Sy E R A e BTG

mbi t [ interleukin 4 (rmL-4 m,
wohe " andoodss. by apd terir anpel'sordhaver® Engoney vorainegiol dule IS i
DC medi | o . X . bl Sonter
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was 1 esysRendazed cbf@sonDE Heastitun 50 win [{definatided “syvak? teisry)2 USIngo6 cel | s
per m ) containing the specific antigen (20 g/ni T

L 98, 11). The ceJI&werefouIsed
(i.e., theNWatiapator, 2 devidet shawe tamilige #) welleshbiptegd cntusive myury o

the spinal cord (Basso, et al., 1996; Hauben, et al., 2000; Hauben, et al., 2000;
15 Young, 1996).

(/) Experimental protocol for DC administration
Bone marrow-derived cultured DCs were pulsed with MBP peptide 87-99,
MBP-derived altered peptide A91, or with ovalbumin (20 pg/ml) for 2 h, washed
20  with PBS, and adjusted to the appropriate number and volume just before injection.
The spinal cords of SPD or Lewis rats were contused at the level of T9, using the
NYU impactor, as described above in (e). Rats in the control group were injected
with 5 pl of PBS or with non-pulsed DCs. Immediately after SCI, the treated groups
were injected locally into the injury site, or subcutaneously at two adjacent sites in
75 the neck area, or intravenously into the tail vein, with DCs in PBS at the
concentrations recorded above in (d). Control rats were injected, locally or

subcutaneously or intravenously, respectively, with the same volume of PBS as the

treated rats.

To examine the effect of delayed treatment, rats were anesthetized 12 or 28

30 days after SCI, the laminectomized area was exposed, and the injured spinal cord
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fresh DC nmedium and kept on ice until injected. Just before injection the
cells were centrifuged and resuspended in PBS (5 x 105 cells in 51 PBS
for | ocalwpnpmetrson; 25 WO 03/105750 PCT/1L03/00500 1 xPtofL@dos® in 1 ml
PBS for intravenous (i.v.) injection; 2x 106 cells in 1 m PBS for

subcut aneous (s.c.) injection). For local injection the cells were | oaded
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DC adm ni stratlon ne marrow der cul tured pul sed wi th MBP
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i nj ect ocal Ty |nto e Injury site, or subcut aneously at two adj acent

sites b? Agcihg ethéeﬁﬁlrﬁdleﬁor érmllmtlnat\henwﬁexy of rﬂ; cinchtart englospse {90wPh DCs i n
PBS at concentrations recorded above in Contr.ol rats &\@r
i nj ect emmdtaqén ty wall height)masenismpldad Plﬁﬁ%% aér%POﬂP B ? Wi th

the sagﬁo}/qclougaechmcev;l%gtlgrsl t gerat tv(/aesate%gmlr?etds carefully for perineal infection,

15 wounds in the hind limbs, and tail and foot autophagia.

(h) Animal care

In spinally injured rats, bladder expression was assisted manually twice a day

(three times a day during the first 48 h after injury) until the end of the 2™ week, by

20 which time automatic voidance had been recovered. Rats were carefully monitored
for evidence of urinary tract infection or any other sign of systemic disease. During

the first week after contusion and in any case of hematuria after that period, they
received a course of sulfamethoxazole (400 mg/ml) and trimethoprim (8 mg/ml)
(Resprim, Teva Laboratories, Israel), administered orally with a tuberculin syringe

25 (0.3 ml of solution per day). Daily inspections included examination of the
Jaminectomy site for evidence of infection and assessment of the hind limbs for

signs of autophagia or pressure.
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To exam ne the effect of delayed treatnent, rats were anesthetized 12 or 28
30 days after SCI, the | am nectom zed area was exposed, and the injured

spi nal cow0 0326790 03/ 105750 PCT/1L03/ 00500 was further erp@dee/doyoocar ef ul
separation of the healed tissue over the spinal cord. DCs or PBS were then
injected into the spinal cord as described above. (g) Assessnent of

recovgféxg,ro spi nal cord contusion. 5 Functional recovery was determ ned
by lo L9008 nd i nb performance. This was scored using the open-field
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of O (conplete paralysis) to 21 (normal nobility) S'Basso et al., 1996;
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and obteh e 3ftbed Wit ke pleOR b e s, bl adder
expression was assisted manually twice a day (three times a day during the

first 48 h after injury) until the end of the 2"d week, by 20 which tine
autorrati%)az?,i dance had been recovered. Rats were carefully nonitored for

evi denf g

AHERSSEAct infection or any other sign of systeni chdi sease.
Dupdng theqhi WGEkm r tbkste Qtiadiizédn 12ndays adter dfjungnadither af t er
th peri od, "25‘” receiatg/atg ggﬁ@@ur se of sul famet hg?(azol e (400 %rr(}d and
tri met bgREhEweBe BRBE] and Reased throligha fimbwiretoeshesA figrslyais| of red ster ed
orally Wth a tuberculin s rin}gf0 25 (0.3 mn&% s?l ution per da@. Dai | y

i nspecicehnwithh ACKelysmgahuffat (BioSenresnd)SAxnk s WeF Vagh§difhce” of

LP;?SL:PE{IS %8?1 &%ﬁsegesnrcrlgat inOI)roth}%gra%iopldrnleichqlbrg Jo%rfainﬁ{.gg BvBRM as‘dbﬁfé‘ﬁ?@it@d or

with L-glutamine (2 mM), B-mercaptoethanol (5%10-9M), sodium pyruvate (1

15 mM), penicillin (100 IU/ml), streptomycin (100 pg/ml), non-essential amino acids,
and autologous rat serum 1% (vol/vol). Splenocytes were cultured in quadruplicate
in flat-bottomed microtiter wells in 100 pl of medium (3x10° cells/ml) with
concavalin A (Con A; 1.25 pg/ml) or MBP 81-99 (10 pg/ml) or MBP 68-82 (10
ng/ml) or MBP-A91 (10 pg/ml) or MOG 35-55 (10 pg/ml) or without antigen for

20 72 h at 37°C, 90% relative humidity and 7% CO,. The proliferative response was
determined by measuring the incorporation of 3[H]thymidine (1 pCi/well), which
was added to each well for the last 16 h of the 72-h culture.

(k) Diffusion-anisotropy magnetic resonance imaging

25 Rats were euthanized and their spinal cords were excised and examined by
magnetic resonance imaging (MRI). Diffusion anisotropy was measured in a Bruker
DMX 400 widebore spectrometer, using a microscopy probe with a 5-mm
Helmholz coil and actively shielded magnetic field gradients. The observer was

pblinded to the identities of the rats. Multislice echo imaging was performed with 9
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coil and actively shielded magnetic field gradients. The observer was

blinded to the identities of the rats. Miltislice echo i magi ng was

erfornred with 9 28
P (I) Measurement of cyst area

Prior to longitudinal sectioning of the spinal cord, each rat was perfused

15 intracardially as described in (9. The spinal cords were removed, post-fixed
overnight in 4% paraformaldehyde (prepared in 0.1 M PBS, pH 7.4, containing
glucose 5%), rinsed briefly in PBS, and transferred to sucrose 30% for
cryoprotection for at least 3 days. All procedures were carried out at 4°C. A 20-mm
block of the spinal cord, with the injury site in the middle, was excised, embedded

20 in Tissue-Tek (Miles, IN), and placed in liquid nitrogen. The frozen spinal cord
blocks were longitudinally sectioned (20 pm thickness) on a cryostat, collected onto
gelatin-coated slides, and dried at room temperature. The sections were treated for 1

min with a solution of 0.3% Sudan Black B (Merck, Darmstadt, Germany) in 70%
ethanol. If overstained, the sections were dipped in fresh 70% ethanol until staining

75 was satisfactory. The slides were stored in a dry box at 4°C pending further
analysis. 50 sections from each spinal cord (n = 4 for each group) were inspected,

out of which the 5%, 25", and 45" section, representing the bilateral and midsagittal

areas of interest were selected for further quantitative analysis. The sizes of cysts

were determined by a semi automated image analysis. The borders of the spinal
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at the center of the spinal injury. Inmges were obtained wwth a TE of 31
nms, TR ofwP®3Q@03irsq diffusion tine 15 ins, diffusion gradiP€mILeB/0&ioi on 3
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(n) Statistical analyses
Behavioral and morphological data were analyzed by two-tailed Student’s #-

tests. Since the open-field motor scores were measured at different times after the
injury, they were also analyzed by two-factor repeated-measures ANOVA.
20
Example 1: Characterization of the bone marrow derived DC's
We first characterized the purity of the DC preparation as well as the
maturity of the cells. Bone marrow-derived DCs were analyzed by flow cytometry
for expression of the costimulatory B7.2 (CD86) and MHC-II molecules on their
25  surface. As shown in Fig. 1A, most of the cells (94%) expressed B7.2 and MHC-II
at the time of their harvesting for injection (day 7), whereas on the day that culture
was initiated (day 0) these DC markers were expressed by only 1.6% of the cells.
Other cell types that may express high levels of B7.2 and MHC-II include
macrophages and B cells. We therefore analyzed cultures on day 7 by Flow
30 cytometry for the expression of ED-1, a marker for macrophages, and for CD45RA,
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I ncl ude nacrophages and B cells. W therefore anal

. yzed cultures on day 7
by Flow 30 cytonetry for the expression of ED-1, a marker for macrophzlges
and folpGHBRA2: Effect of dendritic cells pulsed with MBP 87-99 or its analog ’

MBP-A91 on rats subjected to SCI: Local implantation of bone marrow-

15 derived DCs exposed to myelin peptide promotes functional recovery from SCI

Male SPD rats were subjected to a severe contusive injury as described in

Methods, section (¢). Rats were treated immediately after the injury by local

injection with bone marrow-derived DCs pulsed (by incubation for 2 h) with MBP

peptide 87-99 or with the modified (and therefore no longer encephalitogenic)

20 peptide MBP-A91, as described in Methods. Control groups were locally injected

with the vehicle (PBS). Functional recovery was assessed by the BBB locomotor

rating scale on a scale of 0-21 (Basso et al., 1996), where 0 denotes no mobility and

21 denotes full mobility Blind scoring ensured that the identity of the rats was
masked.

25 After severe contusion and local PBS injection, the rats showed extremely

limited recovery from the initial shock (Fig. 2). However, injured rats treated with

DCs pulsed with either MBP 87-99 (Fig. 2A) or MBP-A91 (Fig. 2B) showed a

significantly improved recovery, which was detectable as early as 11 days after

contusive SCI (FigS. 2A, 2B). Recovery was evident in 70% to 80% of the treated

30 rats, some of which attained locomotion scores as high as 9 (Fig. 2C), manifested

31



30 WD 03/105750 PCT/1L03/00500 a marker for B cells. The histogramin Fi
1B shows that the cells were negative for both these markers. Ve also J
exanm ned whesdeygsee of DC maturation and whether it is afPetiiees/iog00 t he
exposure to the antigen. RNA was extracted from DCs before and after the
cells 5 were pulsed with MBP-A91, and subjected to RT-PCR to detect

ox0T 095 20,8l RO S i b i BBt o Tyt knour ¢

be ex [
! t Dy sem-mature or |nmmat DCs (Lut

and” SafiyGhen OB pal(EEIBSE), dnd Veight SGppcrbw HBRLERRY (BBE-s Toxpr es e
al | three of these'cytokines and were therefore characterized a ture
rsgg- ﬁglggﬁ??gﬁ gaglrsagiéﬂ;messml trbated apts was 6yedd ﬁﬁg& aﬁsfébgnscé’é‘ﬁ?ﬁlhat t he

| ent exanple are. mat , d W '
nof dopendmishes D segro o G went e el hes frigo Bt bhY 125

| Wi -.99,.08 .i I P '
scv: "l RoRsrisAtact B Tratgedollsril B8 s e B T ey T myel in
peplide Propgld nfitlf S @he aﬁtf‘%é?ﬁ@rsﬁeéiﬁ@m’ $lhysval elSRDthanbilitgras thabj ect ed
0 a severe contusive injury as described in Mthods, section (e).. Rats
ver et Rafiedin dRRITICE !ty pidrestet fsinahjcard regovieog.awve tostek thewifict ifbone
mar row-derived DCs pul sed (by incubation for 2 h) wth epst i 87-99
(I\)/Ir_% PWIAt9 t;npiigedmdeslcs:athi bedcarmll\l/sbt Wdéﬂloﬁlblrfﬁie‘i’%ﬁéﬁﬂg%égghaf ng%é‘ﬁﬁﬁ)m i%gpept i de
BP- , in ods. t . Mol
Wit ¢ eporen e PRSIty oy B Lo foRh O A RcaREbIrticagt o
rating sG ;

achibr e rsehiby I R A3yRq3Em Bnb R A e B et g ensur od

that tpg,i dent Kiyilef rédifis' @b WB@inedeinké dddatonal tindepadentecxpant

o . m t
| ocal @g |njr)ect I on, the rats showed extrenely limted reco ry@;?gmatnﬂe
initiap ked Wiith. ov2lburhinelse did nof lum@oanyaﬁfgeqw@ar@ewwt(ﬁlg-é@- pul sed with

either MBP 87-99 (Fig. 2A - ' L ani fi
L gﬁ{ oved r e%ﬁﬁelgggceillﬁﬂwy%iégfdgggﬁﬂ%gél é‘l):’!élg ?@%@E%"@Qﬁd a ItgeelrV Ry
usive SC (FI9S. 2AalBlectiSRCOMBEY pifSdSMiH MBP ppfResmoBeHPws t he

t r eat egpinal contusio
15 injection revealed significantly better tissue preservation in the DC-treated rats (n =

4) than in the controls (n = 4), manifested by less cavitation and smaller sites of

injury (Fig. 4A vs. 4B). Lesion sites in the treated rats were significantly smaller

(by 2- to 3-fold) than in the controls. Approximately 50 slices from each spinal cord

were inspected and all showed the same pattern: the cyst areas in the DC-treated

20  spinal cords were smaller than in the untreated spinal cords. Quantification of cysts

was taken from three different slices in each spinal cord representing three planes of

sectioning, with the same planes represented in all spinal cords. The mean values of

the three slices in the four different animals are shown in Figure 4C. A comparison

of the cyst areas revealed significant differences, suggesting that treatment with

25 DCs pulsed with MBP peptide reduces the amount of syringomyelia (central
cavitations of the spinal cord).

Differences in the spontaneous recovery from SCI have been reported

between rat strains that are susceptible and rat strains that are resistant to the

induction of autoimmune disease (Hauben, et al., 2001; Kipnis, et al., 2001), as well

30 as between male and female mice or rats (Hauben, et al., 2002). It was therefore of
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reveal ed significant differences, suggesting that treatnent with 25 DCs
pul sed with MBP peptide reduces the anount of syringonyelia (central
cavitations of the spinal cord). Differences in the spontaneous recovery

from S@yfiRyk ReAh hivight fiffo the immunological mechanism underlying the DC-

induced recovery from spinal cord injury

To determine whether the observed neuroprotective effect of the treatment

with DCs is T cell-dependent, we injected MBP-A91-pulsed DCs locally into
spinally injured adult male SPD rats that had Ioeen thymectomized at birth and
20 therefore lacked mature T cells. In the absence of normal T cell function, MBP-
A91-pulsed DCs had no significant effect on functional recovery (Fig. 6). The
results shown are of one representative experiment of three experiments carried out
using thymectomized SPD rats; similar results were obtained in males and females.
It should be noted that due to variations in animal weight from one experiment to
25  another,y we always compared BBB scores among groups within the same
experiments. Thus the relative high BBB score in the control group of the
thymectomized animals should not be taken as an argument for the failure of the
DCs in these animals to promote recovery. The lack of a T cell-mediated response

in thymectomized rats was confirmed by injecting the rats with bovine serum
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VBP- AS(?LI%pIJS sedeEl)Cs hgad %\i)o significant effect on functional recovery (Fig.
6). The results shown are of one representative experinent of three
experiments carried out using thymectom zed SPD rats; simlar results were
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BBB score in the control group of the ) . . 1l
15 Since the DCs were found to be mature and their mechanism of action T cell-

dependent, it was of interest to determine whether their beneficial effect on recovery
could be reproduced by their systemic administration. We first examined whether
systemic injection of pulsed DCs can evoke a systemic T cell response specific to
the pulsing antigen. Spinally injured SPD males were injected i.v. with 1x10° MBP-
20 A91-pulsed DCs or with PBS (Fig. 7). Ten days later, three rqts from each group
were euthénized, their spleens were removed, and splenocyte proliferation was
assayed in the presence of different myelin peptides. Fig. 7A depicts the
proliferation of splenocytes in the presence of each of the tested peptides (1\/'IBP-
A91, MBP 81-99, and MBP 68-82) relative to their proliferation in the presence of
25  a control myelin-derived peptide MOG 35-55. Splenocytes from rats injected i.v.
with MBP-A91-pulsed DCs, but not from rats injected with PBS, displayed a
significantly stronger T cell response to the MBP peptides than to the MOG peptide.
These results suggest that systemic administration of 1x10° DCs pulsed with MBP-
A91 evokes a T cell response to the directly related MBP peptide A91, as well as to
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15 therefore their spontaneous recovery was better than that of males (Fig.8).

Example 5: Therapeutic window of dendritic vaccination after spinal cord
contusion

To examine the effect of delayed local injection of MBP-A91-pulsed DCs,

20 20 SPD male rats underwent severe spinal cord contusion and their BBB locomotor

scores were monitored during the first 10 days after injury. On the 11™ day, the 12

rats with the lowest BBB scores were randomly assigned to two groups, whose

mean BBB scores = SEM were similar (1.0 & 0.4 in group 1 and 0.9 + 0.25 in group

2; P < 0.87, two-tailed Student’s t-test). One day later (12 days after SCI), the lesion

75  site was injected with 5x10° MBP-A91-pulsed DCs in one group of rats and with

non-pulsed DCs in the other. Starting from day 29 after injury, locomotor (BBB)

scores in the two groups of rats were found to differ significantly (P < 0.05, two-

tailed Student’s z-test; Figs. 9A, 9B). The overall effect of the delayed treatment

with MBP-A91-pulsed DCs on functional recovery was statistically significant
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15 matter integrity (Nevo, et al., 2001). The axial anisotropy maps derived 1ol the
DW-MRI images present consecutive areas of diffusion anisotropy along the
excised cord. In the maps of the group treated with MBP-A91-pulsed DCs, the area
of anisotropy is wider than in the PBS-treated controls (Fig. 10A). In contrast to the
continuous longitudinal structure seen in the treated rats, slices taken from the PBS-
20 injected controls show a loss of organized structure at the center of the lesion site,
and the area of diffusion anisotropy is relatively small even in slices distant from
the site of lesion (Fig. 10A). Moreover, quantitative analysis showed that the sum of
anisotropy (SAI)—representing the integrated anisotropy value—was higher in the
rats treated with MBP-A91-pulsed DCs than in the controls throughout the entire
25 length of scanned segments (Fig. 10B). The behavioral outcome correlated well
with the MRI results: the higher the behavioral score, the larger the area of diffusion

anisotropy found at the site of the lesion (Hauben, et al., 2000).
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15  associated self-antigens. Under pathological conditions, for example after injury to
cells, DCs undergo a process of maturation that enables them to present tissue-
derived antigens to T lymphocytes in a highly efficient and stimulatory way. After
ischemic injury to the CNS in mature rats DCs accumulate at the lesion site
(Kostulas, et al., 2002), and contusive SCI in rats is followed by upregulated
20 expression of chemoattractants of DCs (McTigue, et al., 1998). The present
inventors have shown that stimulation of an adaptive immune response against CNS
self-antigens after an injury is a normal part of the body’s own healing mechanism
(Yoles, et al., 2001), and a central feature of a proposed new concept of “protective
autoimmunity” (Moalem, et al., 1999; Schwartz, et al., 1999).
25 The endogenous autoimmune response, though apparently sufficient for day-
to-day maintenance (Nevo, et al., 2003; Schwartz and Kipnis, 2002), seems to be
insufficient to arrest the secondary degeneration accompanying CNS trauma; it can,
however, be boosted by innate and adaptive immune manipulations (Fisher, et al.,

2001; Hauben, et al., 2000; Moalem, et al., 1999). DCs have been shown to initiate

30 specific immune responses. Such manipulations have been utilized to evoke

37



with the MRl results: the higher the behavioral score
_ _ _ , the larger th
of diffusion anisotropy found at the site of the | esion (Haubgn eteaflrea
2000). 30MUDI0E7I05750 PCT/ I LO3/ 00500 Di scussi on The r esRCTALgw®sENnt ed
gcov_e show a significant inprovenent in |oconbtor function after contusive
DC!s :oEI ggési ;rsat ed b_yt Ihocl\:/g::) gr system c injection of bone marrow derived
! itro w - der.i ved _ofr I d ' fici

e afietRor o b ety Moo,
br eser Yl espho ToMGR nddidHiPoPORI P Al ¥ 81 MO exani nati on and a

e < € of cavities inthe spinal cords of treated rats
exam ned byy MRlimb&O T @idlick Ohdve shoewathatnhCas sampnduee imeBURRIPEICAbuNd t o

popul ate specitic areas of the CNS includi th ' '
pl exusoleMidenamd preveapdpvelopmenhpg %ﬁgaﬁgﬁés élﬁgfb EE%“B@{O%Q%;@%%% 2-'- dt he

CNS environnment and present CNS antigens ingth |
rarovengribyitinbi S ol Sl M0 LR
i ni ti dparkars @efosresliy & l}l?ﬁﬁem (Bgédrrgggtkv\gﬁqg%??ﬁ? gldiéﬁglﬁépr?%m?lpgc\list v ro

ant | g%%%%icggg% gfeg?g%ﬁggtf.r 1Bk ek, Goldigndinduetian by oir PEsi whaerdedtasiter ance

to CN -antigens. Under pathol ogical conditi
exanpliy; gid @bsérvhtiby thet theebat—sivomh)lifamﬁogd)fasniﬁmg@ggs élfongﬂlﬂﬁlrfggfilst’sﬂf ? Lat

enabl es themto present tissue- derived ti '

A1 gl ywish DG el it RGP oo eeplides s SHGRRERTE NN Ko SRR ohs i
garﬁg)ure ra%iseﬁD%%@?_gccuc | ate at.the l‘evgilﬂgnre%.bﬁtereﬁ(dfgsgll&ﬁSOUIetlamrator?ooz)’
chen'((;aomtnrﬁa te : ‘]E‘Hl Ui Mned by Upr egul at ed 20 expressi on” of

X LDACLANES Bl B olioRIOUE CIN8 ifury UMD is Wosseprdsie rthe animelst or s
a?/](ca shot 'ul-at’’on of an adapti Ve immune response agai nst CNS
S€elT- a%f@%&ﬁﬁﬂﬁfr t8RrizBil Uty imyehnassouitedanntiganst log Bodhey whEIVedal i ng

mechani sm es,;” et al., 2001), and a centr f eat
c?ncegfgegmataw aRAI0D2S" ducelsmthati stwpr%%ﬁlleeah%{i@t t%llﬁgl%f%gg”‘% %@0 Oste g ng¥v
a N 1 1 1

i1 ranonsccions oo ST 3SR bR Aoy KRbFe 2080 | "500s B et ana
“ IDSm > Zooae’spf?ee SHe agb()lli%re of DCs to stimulate a,n fcffectix'fe, immur;e 1fesponrse,Z o
immune activation by DCs pulsed with specific encephalitogenic self-antigens in
normal rats or mice has never, to our knowledge, been shown to induce EAE. In one
study EAE was induced in irradiated mice by administration of DCs, but only when
CD4™ T cells specific to an encephalitogenic peptide of MBP were administered at
20 the same time (Dittel, et al., 1999). In our laboratory, no symptoms of EAE were
observed after the antigen-pulsed DCs that improved recovery from SCI in this
study were injected, either locally (in the spinal cord), subcutaneously, or
intravenously into naive rats (data not presented). Treatment with DCs in this way
thus appears to be safe, insofar as it evokes a desired immune response while
25  avoiding destructive autoimmunity.
The experiments in the present application were conducted in two rat strains,
SPD and Lewis, that differ in their resistance to EAE and in their ability to
withstand CNS trauma (Kipnis, et al., 2001). In both strains the treatment with

antigen-pulsed DCs was effective. In the Lewis strain we used female rats, in which

30  spontaneous recovery (measured by the BBB score) is evidently superior to that in
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during the time period in which axons have not yet degenerated, whereas sprouting
may make a significant contribution later. The relatively wide therapeutic time .
window may be of clinical importance in the treatment of patients with SCI. While
bearing in mind previous findings in connection with regeneration and functional
20 recovery induced by implantation of macrophages into transected spinal cords of
rats (Rapalino, et al., 1998), and the fact that passive or active immunization with
myelin peptides causes local activation of macrophages and microglia (Butovsky, et
al., 2001), the possibility remains that DC injection, in addition to its
neuroprotective effect on uninjured axons, causes sprouting and regeneration of
25  injured axons.

Treatment with non-pulsed DCs or with DCs pulsed with the irrelevant
protein ovalbumin had no effect on the injured spinal cord. DCs pulsed with MBP
peptide or the altered MBP peptide A91 were beneficial, indicating that mature DCs
act as antigen-presenting cells and can therefore be active only in conjunction with

30 the relevant CNS antigen when administered to spinally injured rats.
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proliferative response to myelin peptides than did splenocytes from untreated rats.
This clearly indicates that the DCs administered to the contused rats evoked a
20 systemic immune response (o myelin peptides. The DCs administered in that
experiment were pulsed with the altered myelin peptide A91 (the peptide used for
pulsing of DCs in the behavioral experiments), and probably evoked a response to
the ex vivo-tested dominant myelin peptides because of antigenic similarity and
epitope spreading. Third, when injected into rats that were thymectomized at birth,
75  DCs had no effect on recovery from contusive SCI. Neonatally thymectomized rats
are devoid of mature T Iymphocytes (which normally develop in the thymus of the
newborn), indicating that the beneficial effect of DCs on spinal cord recovery is at

Jeast partly dependent on T cells. The injected DCs thus evoke a systemic, antigen-

specific, T cell-dependent immune response.
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treatment can therefore be viewed as a DC vaccination and, like vaccination with
the peptide in adjuvant, is a means of helping the local innate response to cope with
stressful injury-induced conditions by promoting the body’s own self-repair
mechanism, namely the adaptive systemic immune response against antigens

20 residing in the lesion site.
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03/ 105 | LO3/00500 CLAIMS: 1. A pharmaceutical conposition

conprising antigen-presenting cells and a pharnaceutically acceptable
carrier, wherein said antigen-presenting cells have 5 been pulsed with an

agent selected fromthe group consisting, of: a _nervous syste

(NS) - speci f Ac pharmaeaiticp] £AMPREIIEY P%Pgiéﬂ’:g eéﬁé%}*'aéf‘ﬁ??%g cf)gﬁ?v%@  om an
NS-specj fic antigen or fr an_anal + her.qof .0l i vative
of sai %WH@?Q&:)“SGB%B@ YL gﬁ%@?l dgélrao%ﬁﬁtlg%n @% oup %g Pétl?%l of
Copol y droRitRe ESiRifingdet: ypept i de, and

pol%;- ﬁfgb%lrsgb?&glnﬁpggﬁggkﬁ%g—fg%@f a '?(iﬂg;en. é y phar maceut i cal

conposi ti on (@ycondiepgoisksystedi NS)-spévifielantigen dr antnglegtheneefenting cel I's
are human antigen-presenting cells. 3. A pharnmaceutical conposi tiﬁ&

according t )| aanpaptidendeved deara amdNshecifis #iEaesnor fEPmeit ang

selected fromthe group consisting, of nocyt.es rophages, dendritic
cells and B cell §herﬁ9ﬁ,@rﬁﬁé‘P?r‘Z’&é?ftqu’é’laggBﬁéégﬁﬁtqe@ﬁﬁgtcgr digng to claim 3,
wher ei n sai d \antigen- ' gﬁzﬂ% irta . The
phar maceut i g%}l ng%(g’sqlﬁh gﬁ?gﬁ%&%ﬁdﬁﬁg{ %@gﬁ%@gﬁml n ch%%d%gﬂnEﬁn%n% 20

depgritic cells weypiaRbalnetdrupikior potpicptil, g poly-GhotEymgrandw, | ynph
u

nodes or peripher ood of an individual. 6. A pharmaceuti cal
conposi ti on(dcca gdomgelfantipen.m 3, wherein said antigen-
2. A pharmaceutical composition according to claim 1, wherein said antigen-

presenting cells are human antigen-presenting cells.

3. A pharmaceutical composition according to claim 2, wherein said antigen-
15 presenting cells are selected from the group consisting of monocytes, macrophages,

dendritic cells and B cells.

4. A pharmaceutical composition according to claim 3, wherein said antigen-

presenting cells are human dendritic cells.

5. The pharmaceutical composition according to claim 4, in which the human
20  dendritic cells were obtained from skin, spleen, thymus, bone marrow, lymph nodes

or peripheral blood of an individual.

6. A pharmaceutical composition according to claim 3, wherein said‘ antigen-
presenting cells have been cultured in a medium containing at least one stimulatory
‘biologically active agent selected from the group consisting of transforming growth
25  factor-beta (TGF-p), B-interferon (IFN-B), IFN-y, tumor necrosis factor-a. (TNF-a),
interleukin 2 (IL-2), IL-3, IL-4, IL-6, IL-10, monocyte chemotactic and activating
factor (MCAF), granulocyte colony stimulating factor (G-CSF), macrophage colony
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presenting cells have been cultured in a nmedium containing at |east one
stinulatory biologically active agent selected fromthe group consisting
of transfwormngs7er omt h 25 factor-beta (TG--P), R-interfer@aT(LéA00R)0, | FN-vy,
tunmor necrosis factor-a (TNF-a), interleukin 2 (1L-2), IL-3, IL-4, IL-6,

I L- 10, nonocyte chenptactic and activating factor (MCAF), granul ocyte
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sti W'@Mﬁ@sﬁﬁg%arony( @Eﬁl%?lr:ihg fRkeNY ECS$FAUNanenptfophiofadot GSKENTY3),

ophi c

neur ot actor "3 (NT-3),” nerve growmh factor (NGF). hrain-derived
neur ot fgpBigtowee fautor B0GF),, brhirpderived nmotmphyefﬂct%éﬂmﬁp)aﬂémdlﬁﬁet Fm p),

f@pbigtofc ), brsimpdetived o
or ot o ipepiidb tMesdm-Bh(imDparyaa Laepude (V). e BB ReH T,

conposi tion arding to.clajf [ ai [ ' esenting cells
g e o b e L e T e
GW CSF. 8. The pharmaceutical conposition according to claim?7, wherein

sai d antigeR- i i#i6n atEofdime o @i 6 wheeaihl ssid katigérave been
cul tur?e’d [ ngapﬁrr%g%c?ﬁaﬁg%n(t&g? [ rllﬂgé%ot h I%ﬁg;l and GM CSF. 9. A Eharma euti cal
CONPOShidsertine 6llshag: beeraoultued: imh meédinmscantaipig IL-#h &GS apibot
antigen-presenting cells have been pulsed with a NS-specific antigen or an
anal oglit-HearsbGEM-{55H.0. A phar naceuti cal conposition according to claim9,
wherein said NS- specific antigen is selected fromthe group consisting of

nyelin _basic, protein MB el n oli LG [ )

pr ot eoBi pi dTBP&?@FWa?W(IW)aROW’%?IPRD&Cg%%ﬁggg(g 5 yc@&%@?ﬁgf%?gégoo,
P-anyl gi d -hi1s P ' { WBdeanautiire@rinr £ aegtions,

o Bt <Hls e M, e s e B e (oR)  11. A

phar Wﬂes&ﬂairﬁﬁgb@qpngﬂiaﬂml\m.di ng to any one of clains 1 to 7, wherein

said antigen-presenting cells have been pulsed with a peptide derived from

a NS-specific antigen or from an_anal og c{_her eof . . 7
9. A pharmaceutical composition according to any one of claims 1 to 7,

wherein said antigen-presenting cells have been pulsed with a NS-specific antigen

or an analog thereof.

15 10. A pharmaceutical composition according to claim 9, wherein said NS-
specific antigen is selected from the group consisting of myelin basic protein
(MBP), myelin oligodendrocyte glycoprotein (MOG), proteolipid protein (PLP),
myelin-associated glycoprotein (MAG), S-100, B-amyloid, Thy-1, PO, myelin
antigen P2, neurotransmitter receptors, Nogo-A, Nogo-B, Nogo-C, and the Nogo

20 receptor (NgR).

11. A pharmaceutical composition according to any one of claims 1 to 7,
wherein said antigen-presenting cells have been pulsed with a peptide derived from

a N'S-specific antigen or from an analog thereof.

25 12. A pharmaceutical composition according to claim 11, wherein said peptide is

a peptide derived from MBP.
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25 12. A pharnmaceutical conposition according to claim1l, wherein said
peptide is a peptide derived fromMBP. 51 WO 03/105750 PCT/1L03/00500 13.
The phar n@oeatidozzad conpositi on according to claim 12, whelP€TNL&I06800VBP
peptide is the MBP 87-99 peptide (SEQ ID NO 2). 14. A pharnmaceuti cal
conposition according to any one of clains 1 to 7, wherein said

ant | 99 P! SIRCDAARElGu A QRARh Relsiathgtd Bladn Myabbgren sedidil de S

deriv ecific I'gen. 15. A pharnaceutical, conposition

accor ‘fJeEﬂdE‘?s eV MELg7-90hrpetie (SBQUIPNODRYe i s an anal og of a MBP pepti de.

16. A'pharnmaceutical conposition according to claim 15, wherein said anal og
is selected fromthe group of peptides_ consisting of - (01 (t%Eg | D
NO: 3) ,14VBP-A 1phaiace Sl | Epmppsijion adte oKHPZAE ang%“F ofneiaps 7074,

phar maceut i cal _conposition accofdin Q_an | Al sJeWherein
sai d awhergtnsaid eadigenpgeesing Cﬁgég‘ag% ﬁ%@?ﬁ?%gq%ﬂ{‘ ﬁﬁ(aglgclﬁ%lérgé %f.gtlclleé. A

phar mageuti.cal c 0osi ti rding to any one of clains 1 to 7, wherein
saPd éfﬁr}‘@g&??ﬁle?solgﬁfﬁpﬁ {fgzga[ﬁf@%ﬁave been pul sed with pol y- GLu50Tyr50 15 109.
A pharmaceutical conposition according to claim1, for preventing or

i nhi bi {4 ng NeARabaARAEBEHPbSIGON storddig fu clair ilkg wherain seglapdidgtiBon, in

the central "nervous system (CNS) or peripheral nervous system (PNS). 20. A

phar mageatdleglof adviBPspdpitide. according to claim 19, for treating an injury,
20 di sorder or disease of the CNS or PNS. 21. A pharmaceutical conposition

according to claim 20, wherein_the injury. in;.th i J d
i nj ur y}6.0l uAtpharmageutiGad REMPLEItog wa’&ﬁaé 9 Fhﬁ"&‘ ?d%%ﬂf?ﬁl %‘g%?‘é%’gﬁ%
henorrhagi c.stroke, or i i MBP- TENO: 8 IMB®Pposi tion
accor df g“?‘?) @I%iiﬁ?ﬁ %@“Pvﬁgﬁ%@rﬁl%% Eéﬁ%?tgnog égr or @%]?ggé%gg is di gbeti c
neyy oPRYRYsEEFTIH OISR MBPAFOEEQIDSNd:Spase, Parkinson's 52
17. A pharmaceutical composition according to any one of claims 1 to 7,

wherein said antigen-presenting cells have been pulsed with Copolymer 1.

18. A pharmaceutical composition according to any one of claims 1 to 7,

wherein said antigen-presenting cells have been pulsed with poly-Glu5 OTyr® 0,

15 19. A pharmaceutical composition according to claim 1, for preventing or
inhibiting neuronal degeneration, or for promoting nerve regeneration, in the central

nervous system (CNS) or peripheral nervous system (PNS).

20. A pharmaceutical composition according to claim 19, for treating an injury,

70 disorder or disease of the CNS or PNS.

21. A pharmaceutical composition according to claim 20, wherein the injury in
the CNS is spinal cord injury, blunt trauma, penetrating trauma, brain coup or
contrecoup, hemorrhagic stroke, or ischemic stroke.

25
22. A pharmaceutical composition according to claim 20, wherein the disorder or

. . . ) . \
disease is diabetic neuropathy, senile dementia, Alzheimer's disease, Parkinson's
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WO 03/105750 PCT/1L03/00500 disease, facial nerve (Bell's) palsy,
Huntington's chorea, anyotrophic lateral sclerosis (ALS), vitamn

defi ci encyp oepdi7epsy, anmesi a, anxiety, hyperal gesia, psSPCRAEIR05®ei zures,
oxi dative stress, opiate tol erance and dependence, glaucoma, optic

neur opat hy, age-rel ated nmacul ar degeneration or retinal degeneration. 5 23.

A met hod f y bl biti | dege
A oL L20 B AAAS RPN R nansblepicotyten

céen nervous system (1%\5) _or

peri phgral..:.n S . i Onpnhhéesia, adriety,stheperadgasts, an

i ndi vi &%JPS]iSn%‘%%’g V?ﬁ)ég{rlggpéigﬁi%ﬁ’\g% ?\éllpe@grmunt of ante;u}g]]etr}f/pr esenting cells
t hat hbgien seihesdoxidative Ireas) agjetet taletance eddf dependeRcey @AFBRhsi st i ng

of : (&) "a nervous system (NS)-specific antigen or ancr anal ﬁg thereof; (b) a
pept i deptienewregathyoagerelagdgpeailas deasneraion BreHRYHSRICZ I og t hereof, or

an anal og or derivative of said peptide; (c) a copolynmer selected fromthe

group consisting of Copolymer 15 1, a Copol yner 1-rel ated peptide or

pol ypeﬁ%igdteé %ﬁg@ﬁ?'ﬁm %@&'{}H Qr aipfithe heptnaedbg@ivrati@t). o24forA nmet hod

accord erern-said antigen-presenting cells are human
ant i ge: 65N RS Fleheratidf, 25 thé\ cortralogersonoisgitem (ONS) ampaiphastler ei n
said a ]fl gen-presenting cells are selected fromthe grrz(%up consi stidng of
MONOCY hesoul Byt AP, drerich i doneprissis| adraipdsteting dp| & 1p¢VidakdpnRRs
according to claim25, wherein said antigen-presenting.cell .
aut ol othereofdameffective amopst g ARNEERIPITSS P&&Q{lﬁ?ﬁil}ﬂ%beﬁﬁ @égéé{e Wil o7 The
met hod accordi to.claj,m 26, i I: .he dendritic cells were obtained
frH sRpﬁge%tp?ei%ﬁ?‘fﬁﬂm,g%gﬂ@eﬂ%@rﬁ ,O%'I ynph nodes or peripheral blood of
said individual (a3 YR PR ERE BTT)-spE{i0@RAGen or an analog thereof;
(b)  apeptide derived from an NS-specific antigen or from an
analog thereof, or an analog or derivative of said peptide;
(c)  acopolymer selected from the group consisting of Copolymer
15 1, a Copolymer 1-related peptide or polypeptide, and poly-
Gl 'Tyr’ % and

(d) anon-self antigen.

24. A method according to claim 23, wherein said antigen-presenting cells are

human antigen-presenting cells.

20 25. A method according to claim 24, wherein said antigen-presenting cells are
selected from the group consisting of monocytes, macrophages, dendritic cells and

B cells.

26. A method according to claim 25, wherein said antigen-presenting cells are

autologous dendritic cells obtained from the individual in need.

95 927. The method according to claim 26, in which the dendritic cells were obtained
from skin, spleen, thymus, bone marrow, lymph nodes or peripheral blood of said

individual.
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28. A nmethod according to claim 23, wherein said antigen-presenting cells
have been cultured in a nmediumcontaining at |east one stimulatory

bi ol ogi caWwby3aet’sve agent sel ected fromthe group consi sPCRGL@00500
transformng gromh factor-beta (TG-- fi), [3-interferon (IFN-1i), IFNYy,
tunmor necrosis factor-a (TNF-a), interleukin 2 (IL 5 2), IL-3, IL-4, IL-6,

| L 10, H8DNOoQY b iHlesRI A toAllin? O8] Wetdhd shRripcbMitbuntingeallufimeyt o

col ony 'stinulating factor “(G CSF), macrophage col ony stinulating factor
( M CSFheerd cantiedCiyit £ nietinmpbageining anyeast ioma| stinwlgtorydrielogi@Uycsitive  col ony
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anti ge%— pres I'l's are human itic cel t hat have been

cul t ur ggbthh (MAUSH)UBrammosy i mgclophhge Loodomn dtinGNeteE. fagtor (OGN0, f or
treatment of an injury, disorder or disease of the &Ii r PNS, V\‘/ﬁch
conpr i sePnydstimilkstingi fagtarol £6SEnY), viesgeiroptic faeter th > dIFTEE BECY Y e

amount 20 of antigen-presenting cells_that pul Ly agent
sel ect &eCtPF &M eb%@%"é‘ﬁ)ﬁf“@glng?‘é'giu?‘?@hbq _fac?% (gﬁﬁﬁﬁgﬁélds%éts{ g‘?nt -lcgé;eci fic
ant i ge L an h . : jpde i m3aR7 NeiteRaci fic
anH)ge ql'lfquo%?e:kﬁ%?r?a?@%%[ elr({elg%l?t?%e?@glnjghgﬁgdn\g?ﬁgfe{ iﬁvati ve of said
pept i dgy3 Bmdife protéRPOIDAEligaR] 86d BPopslgsadchearige GUPSEonsi sting of Copol yner
1, a Copol yner li-rel ated peptide or pol ypeptide, and poly- GLu50Tyr50; and
(d) a non-self antigen. 54 WO 03/ 105750 PCT/1L03/00500 32. A Hebhod
accor di29g t A miethod 3¢gordineg ta elaith &8, wheargini spid patigBPreseapng 46118 8AY°

been cultured in a medium containing IL-4, GM-CSF, or both IL-4 and GM-CSF.

30. The method according to claim 29, wherein said antigen-presenting cells are

15 human dendritic cells that have been cultured in a medium containing both IL-4 and

GM-CSF.

31. A method for treatment of an injury, disorder or disease of the CNS or PNS,
which comprises administering to an individual in need thereof an effective amount
20  of antigen-presenting cells that have been pulsed with an agent selected from the
group consisting of:
(@)  anervous system (NS)-specific antigen or an analog thereof;,
(b)  apeptide derived from an NS-specific antigen or from an
analog thereof, or an analog or derivative of said peptide;
25 (c)  acopolymer selected from the group consisting of Copolymer
1, a Copolymer 1-related peptide or polypeptide, and poly-
Glu™*Tyr’’; and

(d) anon-self antigen.
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injury, blunt trauma, penetrating trauma, brain coup or contrecoup,
henorrhagi ¢ stroke, or ischemc stroke. 5 33. A nethod according to claim
31, wher ewp 0Bhes7686 sorder or di sease is diabetic neuropat IrgT/TE&NM5@®
denentia, Alzheinmer's disease, Parkinson's disease, facial nerve (Bell's)
pal sy, Huntington's chorea, anyotrophic |ateral sclerosis (ALS), vitamn

detl cl gcy. g&g@g&&&q&gg% aif"s], SlrehVBE AP the ONETBapirml oo zur es,

oxi dat i opl at et ol eranc€ and depen e, glaucoma, optic

neur opahillyy, MERt aliiae bend@atile taamad égsinec@ty on contreentimakhethogdagict i on.
34. A nethod according to claim31 wherein said antigen presenting cells
are adtroké,drasdmiostioky. at or near the site of injury, 15 35. A nethod
according to claim 31 wherein said antigen presenting cells are

adm nistered sistemcally 36. A nethod for treatnment of spinal cord injury,
whi ¢h nprises. adm ni st.eri R oYe VEVA fad ; i ic
effecti-vVe a H}ﬁtﬁ%‘inagfﬂrgf%%gglaéfgnﬂf i‘*tlfégél\éetﬁ]%gdls%eﬁﬁgg lgﬁg%gg@gﬁabul sed
with a HRYP dGase, Shdrkthsoh's disdase, faeial aesvesyst em
(NS) - sglgg?(ﬁ&gh}g%ﬁg%?%ﬁréngin@’ ?Egtll%g thereof; (b) a peptide_derived, froman
NS- Spengell@) Falsygdlumtington's eroreanahypotroplec doteralosclarpsign 4Ab§).ovityai vat i ve
of said peptide; (c) a copolyner selecte fr,omthﬁ %rou consi st ng of
Copol yrdeficied®y,lepiteSypempesia, anKietathspelgesiaeryicnp Fyﬂgﬁ'ﬁeﬁte?mgﬂtﬂl Pol y-

e 8 PR Mo oGl LRGSR st
i 4 j ki GVt CSF IL-4 d
Wlfa;{ﬁ tﬁﬁg%ug%ljt46%3%%@E%r{%ﬂ'%m%ﬁga%§#n% met hod ?gr treat ﬁgnt t o?naﬁui fljeury

of the CNS or PNS, which conprises inmunizing an individual in need

thereof with a non-self-antigen and thereafter adm nistering tﬂ sai d
i ndi vi Bdal aA méthoilrgacoydisgtie eaimef¥lewherain Saish antigen FreScyERe cells are

administered locally at or near the site of injury,

15 35. A method according to claim 31 wherein said antigen presenting cells are

administered sistemically

36. A method for treatment of spinal cord injury, which comprises administering
to an individual in need thereof an effective amount of autologous dendritic cells
20  that have been pulsed with an agent selected from the group consisting of:
(a)  anervous system (NS)-specific antigen or an analog thereof;
(b)  apeptide derived from an NS-specific antigen or from an
analog thereof, or én analog or derivative of said peptide;
(c)  acopolymer selected from the group consisting of Copolymer
25 1, a Copolymer l-related peptide or polypeptide, and poly-
Glu®Tyr’’; and

(d) anon-self antigen.
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presenting cells that have been pul sed wth said non- [

met hod for treatment of an injury of the CNS or PNS, aﬁ!ihagghgspéego 9 A
adm ni st ewpreg/1es@n i ndi vidual in need at the injury sitePanIedid®sii ve
anount of antigen-presenting cells that have been pulsed with a non-self
antigen, wherein said individual is an individual that has been exposed

previopsly 40, salgd paRcGelide 1GRidiges6 wWiteredi0said autdogots dendritic cells

have been cultured in a medium comprising GM-CSF and IL-4 and then pulsed

with the peptide of SEQ ID NO: 4.

5 138 A method for treatment of an injury of the CNS or PNS, which comprises
immunizing an individual in need thereof with a non-self-antigen and thereafter
administering to said individual at the injury site an effective amount of antigen-

presenting cells that have been pulsed with said non-self antigen.

10 39. A method for treatment of an injury of the CNS or PNS, which comprises
administering to an individual in need at the injury site an effective amount of
antigen-presenting cells that have been pulsed with a non-self antigen, wherein said
individual is an individual that has been exposed previously to said non-self
antigen.
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