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invention relates generally to a nethod for treating

or aneliorating the synptons of or reducing or

otherwise minimzing the risk of devel opnent of an 10

aut oi mune di sease such as but not limted to

aut oi mune di abetes. More parrﬂcularly, t he present

invention relates to the use of genetically nodified

henopoi etic stein cells and/or henopoietic progenitor

cel | SAWETEQD ©F TREATING AN AUEOIMMUNEDISEASE

nore autoantigens which give rise to

antigen-presenting cells that induce i mune tol erance

and/ or protective inmmunity. The present invention

provi des, therefore, a nethod for the 15 treat nent
ONDRE PNYTON sease condi tions

?u%hb]ggﬂt(ype 1. 0d‘?a ePZ%NV DESCRI 1ISI‘TTI ON OF THE PRI OR

ART Bi bl i ographic details of references provided in

the subject specification are listed at the end 20 of

HIELDpOF THEANVIENTRONer ence to any prior art in this

specification is not, and should not be taken as,; an

acknowl edgnent or any form of suggestion that this

AfheOpredtint ihPEton PRIdtesO berldilyC RIMD MetiAN &Sr dredtAQ Vb€ B88liorating the

in any country. 25 Insulin-dependent or type 1

diymbtenes of sorc tadueidigbyr @therwiseominingzihg nthe digk tof development of an

aut ol nmune: nedi at ed,destruction of, pancreatic isket .
AlcNEe vt B SRD HEyHE T pelRRhe Bibist.” afore partioutarly,
R Peénti iiSeHtHoR felit@Clol @B Susk Lfcmeliodllyt Med#fied! R@tbpoietic stem cells
glucose levels. Failure to treat individuals in this

readiee hemgppip‘ré(ap[roggnigg@pﬂs_ W.g@hmxmé gp}@ﬁﬁig‘: material e?ncoding one or more
Eaﬁgoaatg{fﬁfegx:é nﬁ,{]}lrﬁ@g%gé/ ris& 6 ea%Hégnggreg\énttﬂgt &?Is Rh&Y &bt rihn%fune tolerance

and/or protective immunity. The present invention provides, therefore, a method for the

treatment and/or prophylaxis of autoimmune disease conditions such as type 1 diabetes.
DESCRIPTION OF THE PRIOR ART

Bibliographic details of references provided in the subject specification are listed at the end

of the specification.

Reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common

general knowledge in any country.

Insulin-dependent or type 1 diabetes is caused by a lack of insulin, due to autoimmune-
mediated destruction of pancreatic islet B cells. Individuals with type 1 diabetes require
regular insulin injections to control their blood glucose levels. Failure to treat individuals

in this manner can lead to death.

A more long term treatment strategy is reciuired with the prevention of the autoimmune
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WO 2004/ 024902 PCT/ AU2003/ 001212 -2- condition being
the principal goal. Pancreas transplantation is

w@eoomeedody the only curative therapy for type BCT/AU2003/001212

di abetes, but this is hanpered by the requirenment for
potentially toxic, life-long i Mmunosuppressive drugs
5 and by the dearth of human donors. Bone marrow (BM
or henat opoietic stemcell (HSC) transplantation has
recently been used to treat clFinically severe
aut oi nmune di sease (Burt et al., Blood 99: 768-784,
2002). In pre-clinical animl nodels, effective
?¢m@@¢ﬁ#ﬁmgﬂhe@@@n@éﬂﬁ@bs aut oi nmrune di sease 10
requires transplantation of BMor HSC from

di sease-resistant strains. To date, this has been

B@ﬁﬁr@é&ﬁnbﬁ}laﬁhﬁ@ﬂﬁﬂﬁt&n@)&ﬁﬂ@fhﬁ Dlhlanveaﬂiempy(fBNﬂSf})e 1 diabetes, but this
(1 kehara et al Proc. Natl

e auRTar by YgpisauEgi OB RePER, picaBtlegedgminosuppressive drugs
et al., Transplantation 70:

g%ﬁg%,de%%&mﬁhmng%{%nd Good, Proc. Natl. Acad. Sci.

USA 85: 2235-2239, 1998; Kirzner et al., Biol. Blood

o R et B TSR ob B rcenty bee

gé‘%&st%gﬁeﬁ&l%ﬁéal M&ﬁ%tcﬁinmlﬁﬂe disedse (BERLUEAIL, BIoSY 99: 768-784, 2002).

199 However, the requirenent for
(ry tpo¢-obiical amlnndl modalsn gffedtiviechizedtment af dpertieneops leutpimmune disease

4 agrtesl ggﬁs%?%%%n( gﬁ]&{ oF E!l%l\;a ?rgﬁlsg'lﬁgatg? %%ﬁmg%rg Ssgrams 9To date, this has

bEat édh’i’év'%@'bgtﬂl%g&e@é B tranp0eatidRI(BONT) [{kesPboat, Bde. Natl. Acad.
121-129, 20 render this approach unsuitable for

&u%ﬁr&bmﬁﬂﬁﬂhdwﬁm@@pplail Bedko Riaberasr38: i884-80helfi$9; El-Badri et
ef ore ive
g’p iézggﬁgiétam 2ﬁ @ @ga {26&{ ﬁg %c\)/ %S% E)}rré‘?’tg}b os ]%]t? Acad. Sci. USA 85:

QQBSIQESDJHI@%* abetes cASUIWRibl. FHosd NEdrromt Dia¥pIng:. 6 513-522, 2000)
di sease conditions. WD 2004/ 024902 PCT/ AU2003/ 001212
1®dswmi(ommxrq4@hmm(mwm=6dyﬁwﬂ t/fp5380-388, 1996; Kaufman e

specj fj N, chin r

2 7 }71/(%1%}]’)0? ] 55" b$§5s 2%%? Vi glr?é)&?eg'g% hﬁl% Péqﬂﬁéﬂeﬁ‘te for cytotoxic
'bﬁﬂd‘fﬁﬁmﬁgsf tmrhd'sc ﬁ[d)ihb&iskg)f ,gra/ﬁ tdjedtien (@detrcsMabtdpina et al., Blood 99:
1943 \1/951 2002) or graft-versus-host disease (Ratanatharathorn et al, Bone Marrow
Transplant 28: 121-129, 2001) render this approach unsuitable for widespread clinical

application.

There is a need, therefore, to develop alternative strategies and approaches which prevent

the development of autoimmune diabetes as well as other autoimmune disease conditions. ‘
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5 inclusion of a stated elenent or integer or group of
el ements or integers but not the exclusion of any

wothe2obenment or integer or group of el ement SPOI/AU2003/001212

i ntegers. Targeting antigen to resting

antigen-presenting cells (APCs), such as B cells,

dendritic cells, epithelial cells or macrophages

anongst others, is proposed as ,a means of inducing 10

i mmunol ogi cal unresponsi venessS~(tol erance) and/ or

protective immunity. As all immne cells are derived

from henopoetic stemcells (HSCs) and henopoietic

STVEVIARY OF THE BNUBNTIONs proposed, in

accordance with the present invention, that HSCs

and/ or HPCs encoding an autoantigen will develop into

igr%suﬁﬁ%(tﬂrtﬁﬂ %hé@ﬁéﬂl%]n aﬁﬁl?ﬁ Hhe Q&H?xt-l;g fos %ﬁ?erwk@,eﬁlle Udzd “comprise”,
af antigeh-specific erapy to prevent autoi mune

di sedstons TERASH dedmaprises” b ‘@bmpyinipetiewill HSCandensté@t to imply the

HPCs avoi ds the need for, conditioning.reginens in a

irsdusion af ar gpd SATRENt LTHHIRGET 0% R, A e[ Py dntogers but not the

BB L SR D B ar BUAT Mcss
di abetes, proinsulin is proposed to be the key

autoantigen. 20 |.n accordance with. t resent .
itashoe oIS is; Brlibe AoUgRgaIReTEng (HIS SRBFEE G a5 B cells, dendritc
it egﬁﬁ@{apéelﬁp&%ngd?gﬂﬁgégalﬁ&ﬁ?gsﬂ Sttets) iCHABbRA as a means of inducing
prornsulin expression in resting APCs and this

imsuno®gical tiresponsivertss (olepincehendfenprotashien impnity. As all immune

aut oi ne diabetes. This i d ffecti )

A AR Ehrnol o, P B R dna HSRRRAE prouenor s

XHP@@}, @Sis FFopiRkd, iAScirdfice vafh MietRERILIMEG cft@si itidt GTRCs and/or HPCs
ccordingly, the present invention contenplates a

wacdiibe foruisretigant Wibderelap iy ViPSes experssiaRihe anoantigan. These are
f devel opnent. an r j ' of- .

SRR e iRl ATl e REHPY Rep eI Ah b e Tlodly.  Transplantation

P ghRBeic HSCIMIGOIPOY aboigs izolded dbi cundiBtsngregimens3a a host and
HPCs either fromthe aninmal or avian species to be, .
rersateats smovelospfe é@rﬁﬁff"?tb’lees%?é‘?ﬁi’r ,for @"@ﬁ%‘%ﬂ%?q )t,reatmg autoimmune

LfVving.: or all of the HSCs and/or HPCs such
trﬁﬁ%%gety‘%@%“%ﬁ%fess genetic WD 2004/ 024902

PCT/ AU2003/ 001212 -4 material encoding one or nore

aut oanti gens associ ated with. th articul.ar. aytqi nmupe .
W}th respect to autoimmune diabetes, promsuﬁn es proposed to be H‘leq(ey au%anhgen.

In accordance with the present invention, therefore, syngeneic transplantation of HSCs
and/or HPCs encoding proinsulin enables proinsulin expression in resting APCs and this
results in the prevention of the development of autoimmune diabetes. This is a safe and
effective antigen-specific strategy applicable to autoimmune diabetes as well as other

autoimmune conditions.

Accordingly, the present invention contemplates a method for preventing or otherwise
reducing the risk of development and/or reducing the severity of an autoimmune-mediated
condition in an animal or avian species. The method involves collecting HSCs and/or
HPCs either from the animal or avian species to be treated or from a compatible donor,

genetically modifying some or all of the HSCs and/or HPCs such that they express genetic
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di sease and introducing these into the aninmal or avian
species to be treated. Presentation of the

wa@odaeodgen by APCs is proposed to induce T ckCT/AU2003/001212

unr esponsi veness or tolerance and/or protective

i munity. The HSCs and/or HPCs may be collected from

bone marrow 5 or isolated from peripheral blood, cord

bl ood or other convenient sites such as the |iver.

Once genetically nodified, the'cells are generally

infused into the subject such that they enter the

peripheral blood. This route of admnistration )
imagdriall escading ohe r avore ravtesatisesorssodiged rath fheepariigdpr autoimmune

s _via the portal, vei.n I ogdli -
et R, b 49 ahir 0 STROREE b oo e, presentation
bPthdansimided by APCANS pAPOsdlr BSRIALtNT @il inréspoagiveiese br tolerance
presents an autoanti%en associ ated wi th an autoj nmune

@hd/erpitective iraunty  TharprSCsiang/oe S1H(ecnan e goliwtqs omgbone marrow
%? 'ﬁ%ﬁ’a‘%&{ h%ms}g«%@@%ilh@so)d,( Fl?grsn[}l%&g gé&rhep EORRAEhL Sites such as the liver.

progenitor ¢ J ect, 1 ntroduci ng
i0hce gefictically nivali fediBEscaARdre peldPilly gefneeti intonthe esub@tt such that they

encodi ng t he toantigen under, condi.tion 5.wherein, .
it Q@rmnpbeﬁ%ﬁ#@mimThﬂ%m@J@p?ﬁ 15gtiem H%C?"cdrl?é Hﬁ@&‘m or introduction
@ng{egfvew&ﬁ a@ﬁz%ﬁ@?o&ﬁ%eir@m oantigens. In a preferred

enmpodi

ment, the autol nmune di sease or condition is
type 1 diabetes. The present invention extends,

E“g\é\gé %1139 '?negb %lgeg%rqut}mi}grtegﬂj H)élgggodl{ {? e eslgffe\é\Hngﬁhod for generating

AHt Qa1 93 BsenBnP RUNEADE) wiclAPréehits 981 iaGtohhREHHE Résoblated with an
portion thereof. The nost preféerred aninmal is a human
hutoimmenp disseast thenwethed compnidiendsllacting aisemplsrafhemwgoctic stem cells

TS RSP BT o LRSS R0 TR o ne o

SRAE | BSCS Yh/0AHPEY @endtRVinateyihl Rhédlitng Mied biolntidhdénder. conditions
and gane birds. The g(esent I nvention -provides kits in

rvifterdin|the gengiier materiehlis exprassed e fapt theoHpks sAndpratiPCs produce the
fi .C artnment adapted to receive a source of HSCs
éﬁ%ﬁ%?g€£¥s froma subject; a second conpartnent

adapted : to, contain genetic material encodi ng an
autoantigen; 30 optionally a third or nore . .

dp aupiered embadimmng dhe auioBnmuns, disgasgertconditiends fyperediabetes. The

:%%S ntc?lga{t{oie&téﬂaitﬁcﬁfévieg NS ol Ghed!SE &8@{1. | BiedsBs. @With respect to
ﬁOd1 conprising collecting a %an‘p?e 0]
2004 626 A2 befes,/ tAeDOEBIred 2&b2ntigen is proinsulin or an antigenic fragment or

portion thereof.

The most preferred animal is a human but the present invention extends to other primates
as well as livestock animals, laboratory test animals, companion animals, captured wild

animals and avian species such as caged (aviary) birds, poultry birds and game birds.

The present invention provides kits in multiple compartmental form, the kit comprising a
first compartment adapted to receive a source of HSCs and/or HPCs from a subject; a
second compartment adapted.to contain genetic material encoding an autoantigen;
optionally a third or more compartments adapted to contain reagents wherein the kit

comprises instructions for use comprising in a method comprising collecting a sample of



-5 henopoetic stemcells (HSCs) and/ or henopoetic
progenitor cells (HPCs) froma subject, introducing

w0 paoa/op49e2 or nore HSCs and/ or HPCs genetic nmatRCT/AD2003/001212
encodi ng the autoantigen under conditions wherein the
genetic material is expressed so that the HSCs and/ or
HPCs produce the autoantigens. WO 2004/ 024902
PCT/ AU2003/ 001212 -6 A list og abbrevi ati ons used
herein is provided in Table 17 "TABLE 1 Abbreviations
5 ABBREVI ATI ON DESCRI PTI ON APC anti gen presenting
cel | BM bone marrow BMI bone marrow transpl ant ation .
BEnepastit stentlpelise(HkSéis) and/onhemenagts progonitererrdisi(HPEs) from a subject,

&Holé%f’—igérﬁo $r?%9§%18$%ﬁ%¢¥ )@\ﬂ/@ g%g%&%ﬁg‘ter@/{e@gi& the autoantigen

HhEREbAGHbEs WREERPIAS gendtiel ramyrisitis Rkpretded o fthattthe HSKRGnd/or HPCs
henopoi eti c progenitor cell HSC henppoietic stemcell
proguce the anipanage®s. i DC i mmature dendritic cells 1L-10
interleukin 10



MHC maj or hi stoconpatibility conplex MR m xed
| ynphocyte reaction NOD m ce non-obese diabetic mce
WORID4/B24903 ce NOD-transgeni ¢ proi nsulin nouse ENEAU2003/001212
oval bum n PBL peripheral blood | eukocytes PI
proinsulin S. C subcutaneous SD standard deviation
TTGI3 1 TG- 1 transformng growh factor 131 TID
type 1 diabetes WO 2004/ 024902 PCT/ AU2003/001212 -7
BRI EF DESCRI PTI ON OF THE FI GURES Fi gure 1 is a
graphi cal representati on show ng that transplantation
of NOD-PI BMinhibits diabetes developnment. (A
Bi ladb of aisbrévigticismsel hasings pgrovidedamThlededuced in
recipients of 5 NOD-PI BM (V) conpared to NOD BM (A)
(P=0.003) or untreated NOD mce (a) (P=0.001). NOD BM
recipients did not differ froyguptireated controls.
Data are pooled fromtwo experinments in which BMI
from NOD-Pl or NOD nice wadbperiadpmed in parallel.
(B) D abetes incidence was significantly reduced in
recipients of T cell-depleted NOD-PI BM (Y) conpared

0 _ABBREVIAGNON ed NOD BM (A) (P=0pHEURIPTIONT eated
NCD107T (0)(R=U. Usb). ND 5"5‘11&5&1 Pe&iting gE@ not
JLLL:I QL]KAI: .li:.lqif ted L,UIILIUIb KT‘IJ-Q,I'R)%PI e][uhrrom
e o o h Hong Mgy | rapsplantation
i cra aphi cal repf Bgﬁﬁﬁ‘ﬁﬁw YCHH%UWHEEW
L hat traP€plantatilon 15 of T cell - depdrticeellNoD Pl BM
brevent SFA.sisul i tis| ~ but not sialitFGS (2% W/s) ets free
f FCS fetal calf serum
G GM-CSF
G+T mixture of GM-CSF and TGFp1
GM-CSF granulocyte macrophage colony stimulating factor
HPC hemopoietic progenitor cell
HSC hemopoietic stem cell
1.v. intravenous
iDC immature dendritic cells
IL-10 interleukin 10
MHC major histocompatibility complex
MLR mixed lymphocyte reaction
NOD mice non-obese diabetic mice
NOD-PI mice NOD-transgenic proinsulin mouse
OVA . ovalbumin
PBL peripheral blood leukocytes
PI proinsulin
s.C. ' subcutaneous
SD standard deviation
T ‘ TGFp1
TGFp1 transforming growth factor 1
TID type 1 diabetes
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inflammatory infiltrate (insulitis) were comon in
recipients of NOD-PI BMand infiltration, when

w@e@seeoP2 was restricted to the periphery of iBCEAB2003/001212

(arrow). (B) Extensively infiltrated islets (*) were
comon in recipients of NOD BM (C) Insulitis was
significantly reduced in recipients of T cell-depleted
NCD-PI BM (A) conpared to NOD 20 BM (Y) cells (P =
0.008). Data for age-matched () and NOD-PI () mce
are included for conparison. (D) The nunber of
subl i ngual gland inflamuatory foci (sialitis score)

ER[_EIEE)E'SURIPWON@FBI‘/HEMIGMRE& ed nice.
I ndi vi dual nouse scores are pooled fromtwo

experi rrents_ in which BMI from NOD and NCD-PlI nice was
E&;{q 152%g¥g:p 1[5: feﬁ%es?ntat OJho&z%%Ltﬁht t?@{sﬂaﬁﬂhSﬁB?ﬁIOD -PI BM inhibits

eSent’s graphi cal fepresentations
&ﬁ@%d"@eﬁeﬂ’tﬁﬁndﬂt anah OiattesNaBdBice Wsysipnifioralyi rdatenin recipients of

1 HSC h
S B B spmaared o NOBEM (A AP~ WSS cBsoiseled oD mice ()
ni
15 BRSO R A AR RO R B po
g0l 6d edpdiEheit ¢e wiidh BMT FEén 00D-PNGDNEST mice was performed in

rggréhg If ﬁg&éﬂlg&?esl({%lag%tegg@%l? ?\ag’i%éfglﬁ %ceaé% gécfigigrgts of T cell-depleted
ipk r

ST U85 AN U B TR ol Vit oD

necd (u) €AEE.086). NODDHBM fedjpidnms-0id0®s Jliftar from neteased oqoiyols. Data are

o Ceﬁ‘glﬁ@) &E@Oﬂ%&éﬁm’s@ Wﬁﬁﬁﬁ#ﬁﬁ%ﬁ@ﬁ@bﬁﬂ% I\iﬂérrgﬁ%%as performed
argéé‘f\) or two (B) experiments in which BMI from

nd NOD m ce was perforned in parallel. 5
Fi gure 4 provides a graphl cal representation and

t&g%ﬁg@{}%@igﬁq’%}ﬁ a? %roagglca é{egé’ht?[ 0115 @ﬁ&\bﬁ@etﬁﬁltransplantatlon

‘E)?l'f c@ﬁ-ﬁ%ﬁl‘eﬁ:@ NOD-PI H‘i@%}l@lfelﬁeﬁ\/lmsuhﬁﬁ ‘HeBlnotvesiatitisnr k& Mglets free of
depl eted at 10-14 days but reconstituted by 8

afifasmmatory anfilinateo rﬁmgya,]@lsgweﬁen CORFIIPNNED ree@leﬁﬁdvﬁé@pﬁl BM and
(llﬁ)lltl‘-éll-tlcc):ne v&lfhen%ges%ﬁtegva§ Ms{r?c(fédafoecﬂé ﬁenphery of islets (arrow). (B) Extensively
infiltrated islets (*) were common in recipients of NOD BM. (C) Insulitis was
significantly reduced in recipients of T cell-depleted NOD-PI BM (A) compared to NOD
BM (V) cells (P = 0.008). Data for age-matched NOD (M) and NOD-PI (®) mice are
included for comparison. (D) The number of sublingual gland inflammatory foci (sialitis
score) did not differ between BMT and untreated mice. Individual mouse scores are
pooled from two experiments in which BMT from NOD and NOD-PI mice was performed

in parallel (horizontal bar indicates mean).

Figure 3 presents graphical representations showing that transfer of NOD-PI
hematopoietic stem cells (FISC) or hematopoietic progenitor cells (HHPC) prevents diabetes
development. (A) diabetes incidence was significantly reduced in recipients of NOD-PI
HSC (V) compared to recipients of NOD HSC (A) (P=0.019) or untreated NOD mice (m)
(P=0.029). NOD HSC recipients and untreated NOD mice did not differ significantly. (B)
Diabetes incidence was siglﬁﬁcantly reduced in recipients of NOD-PI HPC (V) compared
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10 conpared to untreated age-matched NOD mice (U). (B)
PBL subsets in recipients of T cell-depleted BMfrom

WOB04024900D- Pl donors reconstituted simlarly BOTAWRI08/001212

simlar to age-matched NOD controls. Data are nean
SD fromtwo experinents in which BMI from NOD and
NOD-PI mce were perfornmed in parallel. 15 Figure 5 is
a graphical representation shog/i ng T cell recall
responses to oval bumin (OVA) “i’mmuni zation. Mce were
I mmuni sed subcut aneously with OVA 100 days post-BMI

and recall responses of SBIenic T cells neasured 14
ttaxyesipientseef NOIR E[RC pAdPTRP3Y)i rimitigated NOBaice (M (570.021). NOD

was.simlar fo -Tat ch . Lce
G ¥EbigH Cin e OB R YD RO are rom one
(A orBo ( @i&e‘iﬁﬁ@ﬁé & Wiigh BME fphoNODEPRAADNODMmideenRGerformed in
absence o A. Data are fromindividual mce pool ed

paghelt hr ee separate experinents in which NOD and
NOD- Pl BMI' were perfornmed in parallel. Figure 6 is a
graphi cal representation of BMcultured in GWCSF/ I L-4

PigueHGRbYHEEa ghaphical edpkschiatisre stid thbalatedadatHstawdng eddonstitution of
surface markers anal ésed by fl ow cgtro
[

Refiphera theasolercaaytes (BBES i Bsdpiens € %ﬁi%ﬂqtﬁﬁgﬁ%? PRAOD-PI BM.
g%? Bahntxxzeg‘é“)m%r%ﬁlgﬁl:é gé;}:écg ag :}13% gé%gy [ea 'réc%%_st?tﬂiteﬁuﬁf & weeks after

was harves endocytic activi -
ieakiationdarddyBMIpimketh AfOBI (NO- alek NOIRPI PAY TS cellhdepleted BM recipients,

CL TG, Seut 1 Yprake o, 1B 228 O Oy RILES i rcins o
é%h]:ggq??éﬁ B iRt ROD YSNOPLDE d6ndé ReShMuted SinilMhand were similar to
F/ TG (31 cultu

red BM (B). BMwas cultured’in )
Ghe-ERERhEENOD doatrdls3(MDate lars misan veSP dibnatwd eypgimens in which BMT

ur f s_expressed on G-.1+ and CDl1lc+ cells
m&&g&%ﬁ%-gﬁ?ﬁc@ xﬁqrggprggﬁmefdl iBRAAEl et ry. Upper
| eft dot plot shows gating used for analysis WO

2004/ 024902 PCT/ AU2003/ 001212 = -9 of G -1+-gated and .
Eitgure-5-ig ateeaphical represpptetionyshoving &roeH yecallssponges fo ovalbumin (OVA)

at ed. (shad and - . [
P BOByF S p RS RhR e b Bl RSINBE PR 60 p gt BT and
¢Ecafit fcERtnaéd 6N splBhie CLilceBs afdswved @ 4vdagrk 1ater. T aglbpsoliferation in the
the m xed | ynphocyte reaction (I\/LRzr. ) ) "
presence of OVA was similar for age-matched confrol NOD mice (M) and recipients of T
cell-depleted NOD ('¥) or NOD-PI (A) BM. Open symbols indicate proliferation in the
absence of OVA. Data are from individual mice pooled from three separate experiments in

which NOD and NOD-PI BMT were performed in parallel.

Figure 6 is a graphical representation of BM cultured in GM-CSF/IL-4 or GM-CSF/TGF-
B1, cells harvested at day 5 and cell surface markers analysed by flow cyiometry.
Numbers denote the percentage of cells falling in that quadrant (A). GM-CSF/IL-4 or
GM-CSF/TGF-B1 cultured BM was harvested at day 5 and endocytic activity measured by
uptake of FITC-dextran. Plots show FITC-dextran uptake vs CD86 expression for CD11c-
gated cells from GM-CSF/IL-4 cultured BM or FITC-dextran uptake vs CD11c expression
for bulk GM-CSF/TGF-B1 cultured BM (B). BM was cultured in GM-CSF/TGF-B1and
cells harvested at day 5. Cell surface markers expressed on Gr-1" and CD11c" cells were

analysed using 4-colour flow cytometry. Upper left dot plot shows gating used for analysis
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Figure 7 is a graphical representati on show ng that
G+T BM from NOD-PlI, but not control NOD m ce,

W@ e@naiot49eant | y i nhi bited (p<0.01) diabetes devRtDAIEN6/001212

when transferred i.v. to 4 week-old fermal e NOD mi ce.

10" Figure 8 is a series of flow cytonetric dot blots
revealing that G+T BM contai ned |arge nunbers of

undi fferentiated CD 11c /CD | b+/ G -1+ nyeloid cells,

in addition to CDllc+/ CD11lb+/{¥-1- iDC. Figure 9 is a

graphi cal representati on show ng proinsulin-encoding

G -1+ cells inhibits 15 diabetes treated at four

ofe@ks -ghted uné d[mnicégategmﬁmi &ﬁs;togxspr ewmatsh@w @hbugated (shaded)

Miﬁ; !&n ec}e &igrﬂ,\%glﬁ gﬁk E To(féjr’f;gl\? If%ﬁreasgg i%/séls of MHC class

- - 1& 3P RREO AR tEn 1 8BFL HE MeakiiaR lymphocyte
fcI)fa °°+%n§1eﬁ gnce]'*s differentiate to CDI|c+ MHC ymphooyt

whéim MBERDC in vivo. G-1+ cells were purified from
GWt CSF/ TGF- (31 - cul tured proinsulin-NOD BM by
depl etion of CDllc+ cells, CFSE-|labelled and injected

@igﬁ?@tﬁ ¥ b ishHidie 1S SRation’ 9@ €k iGFS BYI SPheBIOD-PI, but not
re stained for inmunofluorescence anal

¢m1t1a>ll I\w e, stgniRamtly inhebited (PO AY) diaksbes féael@amegt Wagh transferred

ofI lorescence m croscopy. Panels.
g'qqigeél?arl%m e “(left), cells visualised

W|th texas red conjugated mAb (centre) and nerged
i mmges (right). WD 2004/024902 PCT/ AU2003/ 00 erzﬁ
Biznae BED apEserrPitponestrmetie: dopoksrierrelipghgl M contained large
| nventiq f W 0 f

PEERH g e gf?aé%%nﬁbql%ﬁbﬂ&ﬁim%ﬁaf%%?s&% Is," 8 addition to
(;Qndb*t/cmsb /Gr-Thi®r ot ocol general ly invol ves the
steps of: (i) collecting a sanple of HSCs and/or HPCs
from an subj ect; 10 (ii) genetically nodifying all or
E@ alﬂﬁg:%l ?@é&ﬁta%&h@@ul‘gr@%lﬂsﬂl%-éﬁgﬁlmgaG@-/lb l'eells inhibits

rodu one or nore autoantigens associated with

ﬂfabetaytreatmnfeur weeks.

Figure 10 is a graphical representation showing proinsulin-encoding Gr-1" cells inhibits

diabetes treated at four weeks (1.8 x 10° CD11c-depleted i.v.).

Figure 11 is a photographic representation of Gr-1+ myeloid cells differentiate to
CD11c+/MHC class II+ DC in vivo. Gr-1" cells were purified from GM-CSF/TGF-B1-
cultured proinsulin-NOD BM by depletion of CD11c+ cells, CFSE-labelled and injected
directly into the spleen. Frozen sections of spleen were stained for immunofluorescence
analysis.  Localisation of CFSE- and antibody-labelled cells was performed by
immunofluorescence microscopy. Panels show CFSE labelled cells (left), cells visualised

with texas red conjugated mAb (centre) and merged images (right).
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di sease; and (iii) introducing the genetically
nodi fi ed HSCs and/or HPCs into the sane subject or a

wa 2008029901 i bl e subj ect and whi ch then event ual PgT/AB2W®AB01212

APCs expressing the autoantigen. The above steps nay

-be conbi ned and/ or the order changed. Additional steps

may al so be included. 20 Reference to a "subject”

such as a hunman subject as well as an animal or avian

subject. The terns "individuép' and "subject” in

relation to the animal being treated nmay be used

i nterchangeably. An "animal" includes a human,

DETATE.ED DESCRIPITON OFTHE INEENTHON e, cow,

hor se, donkey, goat, pig), |aboratory test aninm

(e.g. rabbit, nouse, rat gui nea 25 pig), conpanion

Pk pserd Gopube Brovfip hodle SRGUHCATe ot Shof Ry Tipting dndior preventing

Pavinthnddikdise Eshd@tionshi ckens, bant ans, geese, turkeys)

and gane birds. The nost preferred animal in ternms of

nmedi cal science is a human. The present invention 30
ten v, .y uses of the protoco
ep%%ﬁbégﬂl %ﬁﬁ%ﬂﬂgﬂﬁﬁéggﬁpgfcondltlons in ﬁon human

anlnals WD 2004/ 024902 PCT/ AU2003/ 001212 -11 The

HSCs and/ or HPCs are enera) %ﬁwf i ned fro a sanpl e

6) borselesting avrapieiet B Csrandier #EGS %ariﬁ‘rlae he hip

bone. However, the present invention further extends

to isolating and where necessary sorting HSCs and

HPCs gemenicpley npldefyalg i @oobomncdfuﬂmerﬂsesradd/pr GRCHsaitlapt the HSCs

bl ood fromthe liyer. The cells ar e enera

e o ST HERS Profer & BRTe FHtaEntegns a%?%}ﬁ%fi with the autoimmune

i nj eclis@ikeOind Nfusion into the perlpheral bl ood system

or liver via the portal vein. However, direct

|ntroduct|on into a recipient's bone marrow, although

058 25 e RS DGR B A B i o et o o

| NVeNEhRPatiBlY dBject WRACHAIE" thenabvedgrmM§l beécoafe APCs expressing the
" xenogenei C
autoantigen.

The above steps may be combined and/or the order changed. Additional steps may also be

included.

Reference to a “subject” such as a human subject as well as an animal or avian subject.
The terms “individual” and “subject” in relation to the animal being treated may be used
interchangeably. An “animal” includes a human, primate, livestock animal (e.g. sheep,
horse, cow, horse, donkey, goat, pig), laboratory test animal (e.g. rabbit, mouse, rat, guinea
pig), companion animal (e.g. dog, cat) or captured wild animal. An “avian species”
includes caged or aviary birds, poultry birds (e.g. chickens, bantams, geese, turkeys) and

game birds.

The most preferred animal in terms of medical science is a human. The present invention
extends, however, to veterinary uses of the protocol to reduce autoimmune disease

conditions in non-human animals.
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with respect to the subjects wthin an ani mal species
fromwhich HSCs and/or HPCs are isolated and the

WG ivpez4982 who recei ve the cells. A "syngenei c"P@r/avem®s/001212

means that the subject fromwhich the HSCs and/ or
HPCs are derived has the sane MHC genotype as the

reci pient of the genetically nodified HSCs and/ or

HPCs. An "al |l ogeneic" process j.s 15 where the HSCs
and/or HPCs are from a N+K>iﬁbthbatible subject to the
subject to which the HSCs and/or HPCs are to be

i ntroduced. A "xenogeneic" process is where the HSCs
and/or HPCs are froma different species to that to

[ he HS nd/ or HP re. introduced
Phe oyl o7 FRCR St geneern Ausippd ikt &1 08 pEpopg marmow such s
FERAUAELREIAS tiR 15Y BERI SHEweRE,ABE plesent dntdhtiof Xiretith ekteAds to isolating
ei ther an all ogeneic or xenogeneic process is

and Whersdecessaryrsouting H8Chand) Hb&issTasn @peringral hlopghinchiding cord blood
necessary t Lfy 0Ol C; . .

RS SRR 0L ghE B Rt b Aeg a0, e ppint v for
Bianhple, i0f. ifjestaingsr infiibIomeneaiegipherakbblosd sgstem or liver via the portal
m ni'm sed. Apcondia%g¥, the present jnvention

veint &y ditgctiptodistipn inip AaCERiENt Y dYte BaKeY viltough got preferred,
m.ni m.zi i . of or reducing the

éseQ%Frit ei}gsgfc Bgtﬁmgha?%dl %ﬁgi’&%@ﬁgﬁﬁﬁgg. in a subject,

said method conprising introducing into said subject,

HSCs and/or = HPCs whi ch have been geneti,cal modj fi ed -
dbe preqsat of ey PTREH! FHGELE BN rSYRBIEIC autlfigspfige Rt “Xenogeneic
%ﬁ%(&}%{:?% Wetsnw%@t@ VAR L ATIMRRA1GRBALL E8R: wBRhYES@s and/or HPCs are
particularly, the present invention provides a nethod
isotatgbaedt dic subjerts wihb irgeaive Preesdnt i A spagencicApB)cophinshns that the

o530 Giov SRt np A UBB68 PR e derivEs e B Bl YA Bohotype as the
?&'ié[h@ﬁjt flofﬁér %@eﬂgalﬁo{doﬁﬁiehnHS@s SRk e1Rds. hexw raRddefieic” process is
stem cel | s (HSCs

) “and/or henopoetic progenitor cells _
Jhef HBG's andiobjERES aienfromdy MNVHE-inperopaitde subiaegirte the subject to

(HeRs

n HP et i t.erial _engodin » .
ATESRRE TR g TEGR bec FRahdieafin y s Ogutly ppocess is where the
PR dndlor P @X4E BRRES diFRrdn 8pecidiao HCso ahitbhahe HBCS and/or HPCs are
produce the autoantigens. 5 The HSCs and/or HPCs are

dgvasiuegsk dPreferablxpths methed 6§ ,ﬂﬁ*gpqgm iipyengen is conducted as a syngeneic

%yotc%gsntfcgﬁfésextent that either an allogeneic or xenogeneic process is utilized, it should

be understood that it may be necessary to modify the protocol such that any immunological
responses, which may occur due to the mixing of foreign immuno-competent cells, are

minimised.

Accordingly, the present invention contemplates a method for preventing or otherwise
minimizing the risk of development of or reducing the severity of an autoimmune

condition in a subject, said method comprising introducing into said subject, HSCs and/or

- HPCs which have been genetically modified such that they now produce one or more

autoantigens associated with the autoimmune condition.

More particularly, the present invention provides a method for generating an antigen

presenting cell (APC) which presents an autoantigen associated with an autoimmune
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Exanpl es of APCs include but are not limted to
dendritic cells, B-lynphocytes, epithelial cells or

woremropireges. 10 As indicated above, the subj eR€T/AU2003/001212

i ncl udes a human, non-human ani mal and avi an subj ect.
Preferably, the subject is a human. The subject (e.g.

human) may have pre-clinical diabetes or nmay be at

ri sk of devel opi ng di abetes qbggay have clinica

di abetes. Also as indicated a t he net hod may

i nvol ve the syngeneic, allogeneic or xenogeneic 15

adm ni stration of HSCs and/or HPCs to a subject.

&iismeeme meﬁmdg&mmmm@ oeltesting |assanm1@foérhe@@ppoetlc stem cells (HSCs)

et pfugalh o8] 0hiset S
O %)P ?PZ{SAES’CEEFI gau éﬁ% ‘%ro%%‘%& into one or more

H‘S@ raﬁﬂ/%?l—]!]"(]ﬂ'g@h&id}ﬁat%ﬁﬁ ehb&din@thedRuphBgneder conditions wherein the
reducing the severity of an_ 20 autoi nmune di sease in

genstibjmegerial sugxgressed tocthaichp HSEis ngdion HP6d weeduge hp aytoantigens.

sai d subj ect syngeneic HSCs and/or HPCs whi ch have

been genetically nodified to produce one or nore

FHE qatd aBdsr ISEOL iatd ﬂdveld')ﬁeh inbe ARCOExPrEsHNg: pmidﬁictﬂiar) nutoantigens.

The preferred autoi nnune disease is auyt

EKables SF ARSI 286 ngiganioiciosBadae 9B Briymphocytes, epithelia
ulin ent di abetes. However, the present

C%\f‘/seoritnil%:gge g%snds to the use of the subject protocol

in the treatnent of a range of autoi mmune conditions.

The onIy criterjon_ |is.t an,_aut oanti.gen assoc

\A‘Stlﬁdlpﬂ@ dbeveadhe sHeRt ip 65@ B3, DoEs neglllaai atnde avian sub_] ect
i nt erﬂ?riﬁe %{3@%4 508 %uﬁféﬁt eITHE %hﬁﬂzchgé €1 Ruh )| HA9 have pre-clinical

lia systemc |lupus, Crohn's I Sease,
diabetico oy mpabby ristesfley tlopingéabictes of mwdlﬁyablguaal diabetes.
Graves' disease, ulcerative 30 colitis, vasculitis,
mul ti ple sclerosis, nyasthenia gravis, myositis,

NLY zrtsoifﬁﬁﬁ'a’éd aB§% 'tﬁéh&thod%ﬂﬁb@lv@ Ahd GHeBe) Cﬂll@gﬁlelc or xenogeneic
juvenile arthriti’s, juvenile diabetes, scleroderna,

pémiisttation\Wd H804/0dieBPECTy AURDIRL.0However, 3 Fyngeneic protocol is
areéh” is, §ogren's syndrone, rheumatic fever,
oid arthritis, scarcoidosis, idiopathic
t hronbocyt openi ¢ purpura (1TP), Hashinoto's disease,
m xed connective tissue disease, interstit,|al
@A,ogmiding%y, wea irefersed eathodiment) teiereré pRwMtion sprovides a method for

alQ f the severity of

B P e PSSP RPN, PR e svetyof
l&ﬁf@iﬂ’ﬁhﬁmé .disease in a subject, said method comprising 1ntrodu01ng into said subject
syngeneic HSCs and/or HPCs which have been genetically modified to produce one or

more autoantigens associated with the autoimmune condition.

The preferred autoimmune disease is autoimmune diabetes, also known as type 1 diabetes
or insulin-dependent diabetes. However, the present invention extends to the use of the
subject protocol in the treatment of a range of autoimmune conditions. The only criteriori
is that an autoantigen associated with the disease condition be known. Examples of
autoimmune conditions contemplated herein include inter alia systemic lupus, Crohn’s
disease, cardiomyopathy, hemolytic anemia, fibromyalgia, Graves’ disease, ulcerative
colitis, vasculitis, multiple sclerosis, myasthenia gravis, myositis, neutropenia, psoriasis,

chronic fatigue syndrome, juvenile arthritis, juvenile diabetes, scleroderma, psoriatic
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5 anti - phosphol i pid syndrone, polynyal gia rheumati ca,
pol ynyositis, autoi nmune Addison's disease, chronic

w@edosesiobepatitis, vitiligo, autoi mune hyper | PEI/dBNG03/001212

aut oi nmune myocarditis, tenporal arteritis, autoinmune
thyroi d di sease, axonal and neuronal neuropathies,

Behcet's di sease, bull ous penphigoid, allergic asthng,
osteoarthritis, Chagas' diseasg, uveitis, chronic

i nfl ammat ory denyel i nating 10 pol yneuropat hy (Cl DP),
cicatricial penphigoid/ benign nucosal penphigoid,

Cogan's syndrone, congenital heart bl ock, Coxsackie

WBE dSIogBe;n ol esypéionreat Hreymatior @ep@f,h,rbgumatmd arthritis, scarcoidosis,

def }’ éﬁ?@%ﬁﬁ@%&k@s%ﬁgs S?aQ !ﬂ Sggsgly nix ed connectlve tissue

ﬁﬁé"&@t '1ﬁﬂer§@ﬂt1&?dc3@f1ﬁ§9|p@ﬁﬁﬁlblﬁb9 Nin@mid;Vv @éhl@eﬁ;éphﬁlﬂmﬁ alopec1a areata,
Goodpasturessyn r one allergic rhinitis,

@;kymsmgwspeadyletl%ynmaeh"eﬂlaﬁy@a@asﬁrﬁgho%ﬁ M neabyisis, anti-TBM nephritis,
ari}c;l ?sggﬁr;l 8 dy aééroﬂ%os g‘b u;faY 51 GHhLhlc hiuécr)lé/mgosnls, autoimmune

ner trsrs, .

AldaRess, dlsieé@ﬁ)e&}troﬁat @pBtivy Nidspatiks, Midigen' sutoinoeune hyperlipidemia,
non-typical celjac dlsease ocul ar cicatricial

petmmmgla_ﬁ myqsardiis, Jempois gaggepgs 5@9}1@1@%% dhyroid disease, axonal and
nGepnal QS atidsS r]?%ﬁ?ét speﬂlkefa@é di QhRIY mnfé ?ﬁfg@ﬁ? allerglc asthma,

sc errtis, sper A a estic aut oi
B’ﬁeoaﬁ"tlﬁiymdr @mgasSubausease haeitie i ahroemmlooaﬂamma‘s)ry demyelinating

SBE), synpathetic o | ma,.transverse e itis,an ,
aekynefrpmtwg @@R%Pl&%ﬁlf@ oid/hepign %}é peliPhi3oid, Cogan’s

%lr&f @ng&ﬂg%ﬁltﬁyﬁaﬁogﬁckt @Bﬁsa@l@w%&@édﬂl‘iﬁ@ €demyelinating neuropathies,
dultar syndrome, pernicious”anaenm a and

daldmtmhyosw;s sliscast dupais ghdcoantigenist wyaits) mfwtﬁrl@emodosa Dressler’s
the resent .i ventjion

£ ehs@ent RSN MmIréggaKtﬁgr?m 3 es‘ygflrga}?e g,{oog?asglfre s syndrome,
taﬁ@rgtcce\fﬁﬁﬁt{sy Gﬁlll@ﬁf-BﬁMdﬂin@ehgﬁ)gaﬂﬁng[bb@hﬁéiﬁﬁn inclusion body

subject, said nethod conprising admnistering to said
Imyrweitiss Utspigulobuloust denndtoss,afbessnerdy sindomAayinr Miniye’s disease,

Ig_%.g]lbg%erﬁdaéf r @rh(ej }_&lues%!rien nsz ﬁpdeg ﬁ&p&&ﬁf@f’ '%l?ac FEORE! ngéu?ar cicatricial

@enhigsrl, | peripidpds adiguieh pefigtnous heycephgibmyslitis) post-pencardmtomy
aut oanti gen associ ated w th autoj mune di abet es.
meef glorifis, sperenpnd sficwlar pHEMFEENL, HT gyn’s syadrome, subacute

fbra%\ Sﬁ@gfi%ﬁogar&gggkﬁﬂ) %%m?gfhfegg E?Rﬁ’tﬁﬁlhﬁgt t‘réﬂ‘fs‘verselpﬁfytehtls and necrotizing

or I on rolns

g%y}ﬁsia efpehunedutsifingine qicﬂjfgimglulatfo s@AnB24802 11 autoimmune
U2003/ 001212 -14
polyglandular syndrome, pernicious anaemia and endometriosis.

According to a preferred embodiment, the present invention contemplates a method of
preventing, minimizing the risk of development of or the severity of autoimmune diabetes
in a human subject, said method comprising administering to said human subject an
effective amount of HSCs and/or HPCs isolated from said human subject or from a
syngeneic subject and which HSCs and/or HPCs have been genetically modified such that

they express an autoantigen associated with autoimmune diabetes.

The preferred autoantigen is proinsulin or an immunogenic homolog or antigen derivative,

part, fragment or portion thereof. The proinsulin is generally of human origin although
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humani zed proinsulin nolecules from for exanple,
pi gs, sheep, horses, goats, mce or rats are also

w@eovteebat ed. According to a nost preferred PCT/AU2003/001212

enbodi nment, the present invention provides a nethod of

5 preventing, mnimzing the risk of devel opnent of or

the severity of autoi mune diabetes in a human

subj ect, said nethod conpri si %_adn1n|ster|ng to said

human subj ect an effective anount of HSCs and/ or HPCs

i sol ated fromsaid human subject or froma syngeneic

subj ect and whi ch HSCs and/or HPCs have been

mﬁﬁﬁﬁiddqirbMSMhdinbleedles from, foraxamiphes pigsr e, drorses, goats, mice or rats

pr0|nsul 10, It is proposed herein that syngeneic
ﬁ?ﬁ%ﬁ%% of gene-nodified HSC and/or HPCs is a

novel approach to antigen-specific i'mmunot herapy which

advances the principle of regulating autoinmmune

Aiswding tbreomosii priefarred rremtmshimesp dicepreesnt drsationprrVideps method of

Pre rabl t.he t Oi

i e P TR RS PRRERC: R Al b
ﬁ?h' htﬁlﬁlint Qifsct] Rl i Bathed cloﬁlpﬁ'diﬂgnac(rﬁmtﬁarﬂltg & said Nbiman subject an
Med. 1: 625- 633 1995) and nouseﬁéChen et a

effentivel amaugiy :of 4836 20 &B@q)lsql@t fpr@,sa@ebg@amsp}bject or from a

T P A0, RSP ABEEE 0L ey ot o

theppesdice grdisalinsul in targeted to APCs by an MHC cl ass
Il pronoter 20 (French et al., 1997, supra) contained
bone marrow whi ch coul d be used to adoptively

hr gﬁi;%m egtlt:lﬁ%ét%gn%@icqﬁﬁlsglgﬁtag&’( Sf QAL Ai®Ed HSC and/or HPCs is

abete oW n one rrow o
hrlﬁﬂi&p Iap;mbacth an ahﬂgcm—spebidﬁct muﬁ@rmumicmradvmcﬂ the principle of

from di abetes wa found.in r |ent

FREVIRSAE AR BHTNEDS BisoRie G Byt i SEBROpR s FyApg ttent.

purified HSC or HPCs, protection can be attributed to

t he APC progeny of engrafted HSCs/ HPCs 25 rat her than
Btetfenabb'olﬂmw amtaimmunMnaﬂeng ulishetesy anske tHesautpaniighe ris ggoinsulin since

Wn uléfﬁo?l mstf gﬁfg fegﬁ pl et.ed F?b["@e Bt YrudP2l a1, Mol Med. 1: 625-

g@@eltg%ﬁalicmml (Ohell eH3CT. Ikpiuadl] 357pueen93s, ddabayes1 diabetes. In
HSC transpl antation al so denpnstrates that di abet es

wroadn Sipading dip by the | presepp niaionsthe snkors cokgered athipb ANOD  mice
FhoflR5H 2780 ST Bhktals BBERa' ALAPE ity SC a1 promoc
dF_hel egeni M7, eaprad cohtemet boé vefowd evhildh could be used to adoptively
transfer protection against the development of autoimmune diabetes following bone
marrow transplantation to a wild-type NOD mouse. Protection from diabetes was
profound in recipients of bone marrow from NOD-PI mice. By transferring highly purified
HSC or HPCs, protection can be attributed to the APC progeny of engrafted HSCs/HPCs
rather than other potentially immunoregulatory cells transferred in whole or T cell-depleted
bone marrow. Most importantly, transfer of small numbers of genetically-modified HSCs
totally prevents diabetes. HSC transplantation also demonstrates that diabetes transferred
by wild-type NOD HSC is due to generation of diabetogenic T cells de novo rather than to
transfer of diabetogenic T cells. Nevertheless, diabetogenic T cells clearly either do not

develop or fail to acquire effector function in mice destined to express proinsulin in APC.
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provi de proof of principle for genetically-nodified
HSCs as a therapeutic tool for autoi nmune di sease
prevention. The context in which antigen presentation
occurs controls the balance of I cell immunity 5
(Garza et al., J. Exp. Med. 19%"2021-2027, 2000:
Frazer et al., J. Imunool 167:6180- 6187, 2001).
Ant i gen presented by resting APC i nduces inactivation
FhesE lteslltsspr@Ndle miroedt of pitinciple FoB gengatisrldy-nPilified] Qs @s a therapeutic
6; supra; et al., 2001, supra) and
gﬁ%f g’“ﬁﬁ?ﬁ&&ﬁ“ﬁé&‘%?@%“p@ production (Fi nkel man et
al ., 1996, supra). By transgenically targetlng

antigen expression, dendritic cells (DC) have

Thowenteyt il \algucla aREGENITEPENTAHON OCEUy ﬁP%trQlé Fletbaéwcsfof T cell immunity
P I ] 't J i

(G2 PRI . Gucly, 791 kiSO 0B pier et P Bymlfishn 1676180

6e87, 2008) OAﬁﬁ%eﬂ pregémeedpey teptieg WPCamdatsdndxgieation of T cells (Niimi e
descri bed fol ow ng admi ni stration_of DC-tamEeted

8ht 1%9@ms1(mﬂnﬁquﬁ]mpneqt ahy 1996,g9pra; ﬁp&lg@r et %(élr sypra) and inhibits
%t%%enzs%gglﬂc #Br%).?‘g tb%t gﬁ'ni(éﬁﬁént & I& : Eg?@ ngzwgﬁ)heﬁgl transgenically

ani'sns o erance Is
keyeting aitigea ek prgesiors raiendrﬁma: celm‘ﬂﬁ)@t lreee éqcyn slmovew by playsa key role in

mnth 15 autoreactive T c lLe the invento

iqtlé?gkﬂfa‘tq gen8eRsais Lo ]ﬁg(\ﬁg?‘tkﬁf o Pl e e 185: 541-550,
flgyﬂ &tﬁPr{gﬂ ﬂﬁﬂ%é’sﬁ&{f\%@t’f Qk119REMnsESES thd ?bﬁpﬂ@ylkﬁs also been
not cept abl n asynptomati c hunmans wt
piem:rmbd nﬁolhnsking admoimstation of RietaegetedHavikger (Finkslmen dvllC, 1996, supra;

r.ier e t he .appro 0 adapt.a to . .
DBt @i ih VRGN ¢ b GGk R PSS HGHRHR Paghanisms of immune
k51880 AR 86 be FRREY ke BitBshti SBY-sPEIIAE ikiRhoMerdpyafl subjects with
fromtransgenic mce, the need to genetically-
entpreastive HSEMs.ex vi vo, which has been a mmjor hurdle
for HSC therapy, is by-passed. For human application,
vectors capable of effectively transducing HSCs for

IVWhiGe fHRIiAV&R5Ee us@ﬁ@@l&&bl@ﬂv@édrﬁﬁtlcﬁﬂ@ @lthigadiaidreto favour maximum
requi red. Gene §Jr ession can be effectively targeted

reogREmepot flonps HYGs, Alie wonld ngbbe geqeptabloyiny agympipaic humans with

SoEEBHT 4o R oMy B MUCCHER Piie e approach i

adsitale HRCspratogols which require no toxic pre-bone marrow transplantation

conditioning. By using HSCs derived from transgenic mice, the need to genetically-
engineer HSCs ex vivo, which has been a major hurdle for HSC therapy, is by-passed. For
human application, vectors capable of effectively transducing HSCs for long-term gene
expression after engraftment are required. Gene expression can be effectively targeted to
MHC class II' APC in vivo by lentiviral-vector transduction of human HSC (Cui ef al,
Blood 99: 399-408, 2002). Therefore, a strategy whereby HSCs and/or HPCs are
harvested from peripheral blood, optionally following cytokine-induced mobilization,
genetically modified and reinfused is the preferred approach to the therapy of autoimmune

disease.

Accordingly, another aspect of the present invention contemplates a method for treating or
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of autoi mmune disease. 30 Accordingly, another aspect

of the present invention contenplates a nethod for

treating or WD 2004/ 024902 PCT/ AU2003/ 001212 -16

reduci ng the risk of devel oprr?ﬂé_ of or reducing the

severity of diabetes in a human, said nethod

conprising: (i) isolating HSCs and/or HPCs from

peri pheral bl ood or bone marrow, optionally

rmm@thg rish of deeabepnasint of 0o kdwemgele a@\@@tyr%fhabﬂztaq jrom human, said
h e HSCs. and/or HPCs; (ii) genetically nodifying

Pﬁ% PA¥Bor HPCs so that the cells now produce

proi nsulin or an i nmunogeni ¢ honol og, antigenic

derivative, part, fragnent or portlo t her eof and

Gont | ratating FSCs ndlor framgperepheral {Bloqqqpagpﬂ@ ggrrow, optionally

intro

hUITan Q&Gfl%(i}g% tﬂ%%t%@?ﬁ%ﬂgﬁ%éls%f%é@%%({e {11?@%??91&11301* Jﬁ% P[S@s and/or HPCs;

HSCs and/or HPCs i ncl udes |ntrodu0|ng nuclelc aC|d

nol ecul es, encodi n ulin or o aut panti g

i o erretigally oGV éfi% ZWJ%S aﬁ@f"@éﬁéﬂssalsf’y, haf e cells now produce
nucl el Hinfimbge rBMi BRY &ﬁ@ﬂ% art, fragment
full p?mﬁﬂﬁ gﬁlljtlggntl ge mul tiplé qu  engt h ? agment of
aut oarpbrtgmrthemofandeconnnuﬂmoeiofspaigwd)rﬁssam one or nore

aut oanti gens which carry antigenic epitopes. Yet

another aspect of the present invention provides a

t 0 r1nft’1§1?1 Bk idtRIdubinl (RO RGIIgeRRTifi&d cddld 1ﬁ't€ta€lfuh§'dn subject.
o ing an autoantigen Such a$§ proinsulin, sa

‘vector conprising a nucl eotide sequence encodlng t he

SR A5 Rl AOLIST S PRI Blfigs i i

@ﬁél@é’iﬁesf CheotBl L rdigulRf of ajtHEt Qlﬂo@lﬁigeﬁs tlh’@t tﬁw\gEnome of the cells.
stably 25 incorporated the autoantbggn encodi ng DNA

Thansrally, dapawélaic| geid, geelgeuloHe rDIgﬁgm n]QNA may encode a full length

autoantigen, multiple full length autoantigens or one or more fragments of one or more

autoantigens which carry antigenic epitopes.

Yet another aspect of the present invention provides a vector useful for introducing genetic
material encoding an autoantigen such as proinsulin, said vector comprising a nucleotide
sequence encoding the autoantigen or an antigenic fragment thereof and a selectable

marker.

A selectable marker in the vector allows for selection of targeted cells that have stably
incorporated the autoantigen-encoding DNA. This is especially useful when employing
relatively low efficiency transformation techniques such as electroporation, calcium
phosphate precipitation and liposome fusion where typically fewer than 1 in 1000 cells will
have stably incorporated the exogenous DNA. Using high efficiency methods, such as
viral vectors and microinjection into nuclei, typically from 5-25% of the cells will have

incorporated the DNA; and it is, therefore, feasible to screen the targeted cells directly
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fewer than 1 in 1000 cells will have stably

i ncor porated the exogenous DNA. Using high efficiency

nmet hods, such as viral vectors and m croinjection

into nuclei, typically fron15-i2@60f the cells wll

have 30 incorporated the DNA,"ahd it is, therefore,

feasible to screen the targeted cells directly WO

2004/ 024902 PCT/ AU2003/ 001212 -17 without the )
néthessiheyeodssity o firss edledtinigrfgr $table sntagrnton af @ geleetakie nusfrker. Either
a sel.ectabl e mark rAAEit er ﬁso eni ¢ or non-isogenic
5N&mﬁﬁ§r8@}§W§Pﬁ9gﬁq BEM5 B R Csel ect abl e markers

i ncl ude genes conferring resistance to conpounds such

as - 5 antibiotics, genes conferring the ability to

gixemplas of etlecttleld nearkers indleds, gegen eenfemingdrsigangsriocempaunds such as

t hat. produce detectabl e si.gnal s C ' c .
AiaBE G JSUFTAHE BUPLE T8 A Hlog ML IRAERR Fencs cncoding
FYREIB I, profsdeUdtitaigablé ignslx auph @s lahinebietd.C A wide variety of such
resi stance genes such as the neonycin_ resistance, gene

(reslsgrs arrdknoven ydreipblenineliding: S csagelve apiRighic resistance genes such
Sel gct abl Tar ' d -r i ng:

3585, AP il TSRS A AR, e o)
ESﬁﬁectdeeQ ﬁiﬁ_ﬁ(e@ lalsgi id'clﬂde !gemm?@nfaﬁn]g hte hﬂ’)glttz\g_e rgli]row 01:2 certain media
oxant hi ne osphori bosyl t.r ansf erase ch confer )
i B 66 GF ol BrPeHAR A IR, SEXBAL WA csens (hypoxanthine
' er | i.6i he). d e t epi :

T QRRHER R Rfbrkddy Thld confhd the'arfiGt 16 o WPbnDEHIET modium
ahymaan@imeyhinimptdvidXamiediymdige)y enp Henlpdctariabgptgene (guanine/xanthine

adeni_.ne_and xant hi pe)... O her sel ectab rkers for ; )
BT e s it O BN BT MARRGHRG @iycophenolic acid
\éagﬁ%iﬁé ﬁﬂ@ﬁaxﬁﬁﬂn@ﬁt OB sETBUIKRE ot Ps ARIRE iPREmInthlian cells and plasmids

rook et al., Mlecular Coning - A Laboratory
Manyilg, 2 GatidtySpf iselgetile boukersNew deseribedUBASambaok ghd., Molecular

pe e N I e R A B R MY
very different organi smthan the organi sm being

t arget ed Se.g. 20 prokaryotic marker genes used . in
tEhegesldotaplermanisdri may depdnd)on i @mepronjofer; o1 grpessignpad the marker
to replace t.he arigjpal t ' r ol MEole

o A P D A Syt i 035 AR s o5
|Iﬁ6@ydgiw1i’ﬁf@ﬂ<eﬂ§eﬂeﬁ AB&LCih gkt ammdliaaceits). Hrgveyes itak @referable to
avai | abl e for such

replace the original promoter with transcriptional machinery known to function in the

recipient cells. A large number of transcriptional initiation regions are available for such
purposes including, for example, metallothionein promoters, thymidine kinase promoters,
B-actin promoters, immunoglobulin promoters, SV40 promoters and human
cytomegalovirus promoters. A widely used example is the pSV2-neo plasmid which has
the bacterial neomycin phosphotransferase gene under control of the SV40 early promoter
and confers in mammalian cells resistance to G418 (an antibiotic related to neomycin). A
number of other variations may be employed to enhance expression of the selectable
markers in animal cells, such as the addition of a poly(A) sequence and the addition of
synthetic translation initiation sequences. Both constitutive and inducible promoters may

be used.
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and human 25 cytonegal ovirus pronoters. A w dely used
exanple is the pSvV2-neo plasm d which has the

bact eri al neonycin phosphotransferase gene under
control of the SV40 early pronmpter and confers in
manmal i an cell's resistance to- 8118 (an antibiotic
related to neonycin). A nunber of other variations
may be enpl oyed to enhance expression of the

sel ectable markers in animal cells, such as the

addi_tion of a pol y(A) ence and the_ additi of 30

TPeumutite DrotGabhathhied B HoTs s é%f@g}l?e@%.onsgﬁﬁ target DNA. can be

RN %r%ﬂﬁélléeoﬁﬂgH'S@d&m M BRPHRRICTIRY andRitd8RShdri¥¥ehd can be an
/ 902 PCIT/ AU2003/ 001212 -18- The DNA is

finteéterendylap exod of indwhnpy rdgolabiry geyrsneeoamyiregion betweFh genes.

target DNA can be in any organelle of the HSC or HPC

i ncl udi ng the nucl eus and m tochondria and can be an

IHYROb ARTENAAD a XA s8iudnBé fRMis A 162807003 QnYicaIefie A ¢€ference DNA
or any region between genes. 5 Honologous DNA is a

DNA .
sequenes e Anhimdication that dwe tseq@meesdasthiogaglogguss ghat they will hybridize
reference DNA, sequence. .An | pdigati,on h o)

SBYTeRR aher P SRS Poo ot PEpARRUCE drr oot B, o
wi th each other under stringent conditions (Sanbrook
et al., 1990, supra). 10 The present invention also

Prhenresent invegtionialsornipyidpy kit spaltipheeananariesnt] formy the kit

c rdSi [ t [
SPGB RBL R S B v om
Gabjeey; h sEsdhd admphetichiadapied & congan genaticnmdterial@hcoding an

encodi.ng an, autoantigen; optionally a third or nore .
@yiaFatgshe APLonadly githind pbmemogm@@aéeﬁ%tem PItRn reqgents wherein

(4 TS A RSk S Mg
stmpleadHemopbiSicstera rellofH Herepdet hangpoete pidgenitaralells (HPCs) from

(HPCs) from a subject, int uci iNto one. or nore .

ek BTG enecr oRsiSE b ard BrbBGP giitisanateil Sncoding the
At QAR08 PSRN ERRFIHIR IR SRS EinAtchiREis 48pREdeA so that the HSCs
material I's expressed so that  the HSCs and/or HPCs
pndtho 8P Asiperoduce dlzenavtomntigens.

In a related aspect, the present invention further provides a pharmaceutical kit comprising
reagents and/or compartments adapted for use in isolation of HSCs and/or HPCs from
peripheral blood or bone marrow, their genetic manipulation to express DNA encoding
proinsulin or an antigenic part thereof or another autoantigen associated with autoimmune
diabetes and/or means to reintroduce the genetically modified cells to a subject, either to

the peripheral blood system or to bone marrow.

The present invention is further described by the following non-limiting Examples.
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20 In a related aspect, the present invention further
provi des a pharnmaceutical kit conprising reagents

wa@naioe49eDnpart ment s adapted for use in isol atPONATGR003/001212

HSCs and/or HPCs from peripheral blood or bone
marrow, their genetic manipulation to express DNA
encoding proinsulin or an antigenic part thereof or
anot her autoanti gen associ at ed Syvl t h aut oi nmrune

di abetes and/ or means to reinttoduce the genetically
nodified cells to a subject, either to 25 the

peri pheral bl ood systemor to bone marrow. The present
invention is further descHXAMBPLEHe fol |l ow ng
non-limting Exanples. WD 2004/ 024902

PCT/ AU2003/ 001212 -19 EXGruwl methedner al net hods
Mce 5 NOD (non-obese diabetic) and NOD.scid mce were
bred under specific-pathogen free conditions. NOD
Wiee transgenic for nmouse proinsulin Il (NOD Pl) under
control of the MHC class Il (1-Ea) pronoter (French
et al ., Diabetes 46: 34-39, 1997) were used after

A8 n?(‘gglg-oﬁgse glggt%ég%ﬁﬂt ?D’%Eldt fce @gfedgl%ggur{a%% gpec'ﬁc-pathogen free

neous SIS in wl

fcellidihefi& NOQ/mﬁ@ntadmgenm f msusel pasinsidim [ (AQB-PAndhdeokentrol of the
mar r ow ( BM ors. Antibodies and fl ow csyét one

A @%ﬁsdlréTrE@c)c pmmts:rsﬁFgerwasetﬂér Dépheias s Hete 19Bédwere used after
% ;j n%o gbsﬁgf A f?llclderjfcﬁesof sp#)ﬁtaggé}’@s (ﬁgl?é]ces is hlghest in wild-

oW ng were puril I Sssue

C NOD féﬂlﬁ%@ﬁ(ﬁﬂ? ﬁmalw\dereﬁlbﬁhamaﬁlents amdjongatarow (BM) donors.
reactions: Antibodies directed against G -1 (Ly-6G
RB6 8C5), F4/80 (F4/80), CD11lb (5C6 or ML/ 70), CDllc

10.2.16 [I- Ak,97,r,fs]), MAC

a’;bg)’ s %ﬂ%%%d‘!&é R (AFS-98), CD40 (FGK-45), B220
( RA3-6B2) and CD86 (G.-1) Streptavidin

A) - f uorochroms conj tes (S
é‘ﬁ%&é@ﬁﬁ?? fnalzpis V%ﬁ%?gﬁyi,ﬂs@‘aﬁew §¢\(§I§>P§’§ ety . fpggrunol. 168:
E?@ 3502841 GhosP4he EIBRIHAALERR) praird ’%J!'OBQtISﬁE cﬁﬂﬁire supernatants and

ricolor streptavidin conjugates were from Calta
(tBarr usedgarenjugation reactions: Antibodies directed against Gr— %Ly—6G RB6-8C5),
F4/80 (F4/80), CD11b (5C6 or M1/70), CD1llc (N418), MHC class II (10.2.16 [I-
ARETES)y MHC class I (M1/42), M-CSF R (AFS-98), CD40 (FGK-45), B220 (RA3-6B2)
and CD86 (GL-1) Streptavidin (SA)-fluorochrome conjugates (SA-FITC, SA-
phycoerythrin, SA- allophycocyanin, SA-texas red), mAb to CD4 (CT-CD4), CD8a. (CT-
CD8a) and FITC, PE and Tricolor streptavidin conjugates were from Caltag (Burlingame,
CA). Monoclonal antibodies directed to anti-CD3 (145-2C11), SCA-1 (E13-161.7), CD40
(3/23), MAC-3 (M3/84), CD13 (R3-242), CD62-L (MEL-14), CD31 (MEC13.3), CD43
(87), CD11a (2D7), CD49d (R1-2) were purchased from PharMingen (San Diego, CA). In

addition, anti-mouse FIRE, anti-CD3 (KT3), c-kit (ACK-2) was used.

For analysis of PBL mice were bled by retro-orbital venous sinus puncture with a fine
glass capillary tube. Blood was collected in Alsever’s anticoagulant, erythrocytes lysed
and leukocytes stained and analyzed by flow cytometry. Leukocyte number determined
with a hemocytometer was calibrated according to blood volume obtained. To control for

inter-experimental variation, three age-matched female NOD were included in each
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CA). Monocl onal antibodies directed to anti-CD3
(145-2C1 1), SCA-1 (E13-161.7), CD40 (3/23), MAC 3

W@ MBABAPY2 CD13 (R3-242), CD62-L (MEL-14), CD31PCT/AU2003/001212

(MEC13.3), CM3 (S7), CDlla (2D7), CD49d (R1-2) were
purchased from PharM ngen (San Diego, CA). In 25
addition, anti-nouse FIRE, anti-CD3 (KT3), c-kit

(ACK-2) was used. For analysis,of PBL mce were bled

by retro-orbital venous sinus puncture with a fine

gl ass capillary tube. Blood was collected in Al sever's
anti coagul ant, erythrocytes |ysed and |Ieukocytes i
staysie dSplachsanat prasdedthrdugbstaiglessmseal ynesh andk gels suspended in RPMI
nunber d rm 30 with a henocytoneter was
E‘H?t?lﬁin&@%éi{f’n@gfgi ng to bl ood vol umre obtained. To
control for inter-experinental variation, three

age- mat ched fenal e NOD were included in each WD

BOO prdpai@iin a@uaisf@d03/ 001212 - 20 anal ysis. Spl eens
were pressed through stainless steel nesh and cells
suspended in RPM containing 10% v/v FCS.

Bivbe enar afdeRNoRN ke anBirked MdViepRird 8nd dbiae elsHeaddlinto cold mouse-
wer e eut hanased and fenmurs and tibiae collected into

ttieitynphesphate bhff@rpflyalgﬁo@@%t SMuvaseieshed iithyice (CMBS containing

MLLTR FERAED Ml S R RO e &y somovca by
NEAOVTRIS hasfer BBy BM yas vishEd inTRL. S ahdi tdlbsctddyisy sentrilvpation. For T
was washed in F2.5 and collected by centrifugat.i

F é%‘i&’g’

Fell deplptorePM (5| epispRadegMnngS- ﬁtéﬁd%’(ﬁhiaﬁulr—(g[%,mAb (KT3, 5

i neuy e B tjo - :

AP PR . bl 8 v aped
At sntivedtelode phefudmaphdiic Beads -(Dahabeg(s,| DynaloBibtpeh) iGarlton South,
beads (Dynabeads, Dynal_Biotech, .Carlton South,

Wietowei Alstialia). rEgrsq¥ted HHC ebHPeelipgsge sharkp@ostiivisqe were depleted

r. - iti.ve |.s. r.e. ) . i E i
TR, A0 B oy oy (<12
oy 70, KTIBA 3 B2 MIRB6-8(RA3TERZ] 19IRB6t 8i26detdifRaddl 99ptamal concentrations.
pr edet.er m ned oplgﬂlPqulﬁ caoncentrations.

. Remai ni cells ..
e iBg Sel e ei thﬂb-Wi‘Pik}bthR}B’G%‘?rWWﬁnﬁéorFlg C jlggdation, lineage-
| Rttt Oty WhREAES cod8Rh&d SHIL Ghti-SCMRN DidtS Owashed and stained with
co- st ai neg W th anti-SCA-1-biotin, washed and stai ned
sireptavidin-Tricolor. Lin7/c-kit /SCA-1" (HSC) or lin/c-kit™ (HPC) cells were collected
by sterile sorting (FACSIL, Becton Dickinson, San Diego, CA). Irradiated mice received a
total of 950 ¢cGy (Theratron (o, Theratronics, Kanata, ON, Canada) as two equal doses
2-3 hours apart. Cells (10’ BM or T cell-depleted BM, unless stated otherwise) were

suspended in PBS and injected i.p. in 250 pl or i.v. in 100 pl for HSC (10*) and HPC (2.5

x10%), 1-3 hours after irradiation in the case of irradiated mice. Irradiated mice were
maintained on neomycin-supplemented drinking water for 3 weeks post-BMT. Any mice
showing signs of physical distress in the immediate post-BMT period were euthanased and

excluded from analysis.
T cell recall response

Mice were immunized s.c. in the flank with 100 pg ovalbumin (OVA) (Grade V, Sigma St
Louis, MO) in Complete Freund’s Adjuvant (Difco, Detroit, MI). Spleens collected 14
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streptavidin-Tricolor. Lin /c-kit+/ SCA-1+ (HSC) or
liri /c-kit+ (HPC) cells were collected by sterile

W(smomom@():( FACSI |, Becton Dickinson, San D ego, P@AAD2003/001212

Irradiated mce received a 20 total of 950 cGy

(Theratron 60Co, Theratronics, Kanata, ON, Canada) as

two equal doses 2-3 hours apart. Cells (107 BMor T

cell -depl eted BM unl ess stated otherw se) were

suspended in PBS and injected 1'p. in 2501 or i.v. in

100 I for HSC (103) and HPC (2.5 x104), 1-3 hours

after irradiation in the case of irradiated m ce.

Haysatitat fomneutkanasede miomiwet@iprassedothrough stainless steel mesh and cells

. g]ggg)ﬁn%l/ i Slgﬁlg;ll ema tegcﬂ:ﬁg{gk:‘]go%gvﬁq M{; B?'fé%lfl ekIQ'O% v/v FCS (Trace

QERLARS SMetholifife AHé?Pa@ib?tﬁ)3pN§%ocﬁMﬁ peuvad, Y&f 1 non-essential amino

eut anaseg and exc udéd fromg ysl s. T cell recall
neidp (GERCQY) 2\ ¢0° Mo glutanimeix16d M Zdneﬁcﬂptpbtbamqldﬁlgrmﬁ)t plenocytes

OB ?fé"%éﬁje%ﬁ{w%%% Byl e plates) i the

%%‘ﬁgg ﬁl]%g%nggb r Ak ut A %ﬁfﬂ 0241207 eRARAARAXS/ &97]42&%0 glass filter

ased m ce were pressed

QU@H-ﬁ{yﬁhﬂineS@ siCeecliyesds addedc dllisg the sfrehded hlonrs of culture.
RPM medi um (G BCO, Rockville, MA) containing 10% Vv
BESTEoTaied eradeptin; fatlecting (cplb rablcriion, wps él}easwdsmm scintillation

SOd' %gjp&f,ﬁgun%t %acg%%r 63[ Bﬁlﬂg‘l& 9% 1%5‘]'2311%]5')1 I re8@tsISkpressed as mean

%uﬁifala@laﬁﬁmf( ?GH sta(nﬁlaﬂimévxatﬁﬁl enocytes 5 were plated
intriplicate (2.5 x 105 cells/well, 200 I, 96 well

fI at-bottomplates) in the absence or presence of OVA

||]s were harvested on day 4 onto gl ass
?’f‘g’?’” (gc%é thymidine (1 Ci/well) was added

during the final 18 hours of culture I ncor por at ed

radi oactivity reflecting cell liferation wa
iz orase uripe Sesisdi fAE BlucaTs Beekly 5 TRty &5t SfRE | (Bayer, Pymble, NSW

Pﬁl‘fs'ﬁ%ﬁ%e d agfyﬁgsglﬁl@’r?g@eolwé Ricb&Ndlsd élgé)%g%r%@%mﬂ 3 mefet SAccu-Chek

expr es atron in st andar
dchat iCastle N, tNSngAﬁmﬁralrﬂ) abévles Meoe onesiderad i digbetic when two

Ecg%ﬁggtlxte%lﬁ%qli g%gg’\%\ﬁ:a QA‘M%@ Pﬁg%aryf/f ]ﬁll(tgqe‘%%rséhﬁ ggq;ﬁi When diabetic
b QRS BLUEASH pHPScATRReEed With a meter (Accu- Chek,

Assessment of insulinitis and sialitis

Pancreata were removed from euthanased mice and placed in Bouin’s fixative for 24 h and
then transferred to 70% v/v ethanol. Fixed tissues were embedded in paraffin and H&E
stained sections separated by 250-300 pm were prepared. Insulitis was scored in a masked
fashion as described (Leiter, Proc. Natl. Acad. Sci. USA 79: 630-634, 1982). Sublingual
glands were removed and prepared as for pancreata. The number of inflammatory foci

present were counted and expressed as a mean per section.
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when di abetic or showi ng sign of physical distress.

20 Assessnent of insulinitis and sialitis Pancreata

were renoved from eut hanased m ce and placed in

Bouin's fixative for 24 h and hen transferred to 70%

v/v ethanol . Fixed tissues wer® enbedded in paraffin

and H&E stained sections separated by 250-300 m were
prepared. Insulitis was scored in a nmasked 25 fashion
AraristiedanbBeis( Lei ter, Proc. Natl. Acad. Sci. USA 79:

630- 634, 1982). Sublingual glands were renoved and

prepared as for pancreata. The nunmber of inflammtory
t%ﬁipan@c?ne D€ K apMa-RIEQ UG Gl aR B GIrveX (S pedoraed ausiBR th@ @6 g-rank test
sect’i on. 2004/ 024902 PCT/ AU2003/ 001212 -22-

SoeaphBad EaSmarﬁraplﬁaé Suftwaiei ben Ser [igEe.ahAbe Iepulitis scores between

i val curves sing the | og-rank test
P&I &ﬁ‘ryé’a“ﬁf?%‘%ﬁlp"éédgfg“ ot?tteévj\[/are Inc., San Di ego,
CA). Insulitis scores between 5 BMI groups wer e

conpared by Student-t-test. EXAMPLE 2 Transpl antation
of NOD PI bone marrow pre\FeXAé\mIaEeZ es 10 Whol e BM

from NOD or ' was transplanted to 4 & ol d
i rradi at ed E’éﬁ%l@’t“ﬁ’x@oﬁggppf Lhore maglopPrerainfiaagies s
del ayed slightly, the overall incidence of diabetes in

NOD BM reci pients (7/12) was simlar to untreated
Ghdle @M f(olﬁ/l\m of NQD+H nliay wak iranspdantedién 4 vchehJ@éd atadiated female
al nost ¢

I5P°1EI9P 1 / jle tthggé %r a5 E ed% Ia]f@t]%Aklpl ent rﬁl%lgel’ﬁ‘g oé diabetes in
afob"BRI %‘é&i 1¥ntbl(9h23 sl s%ﬂhhmmea@&yebrﬁmmm@ {Mghre 1A). Tn

i s exacerbated by inpaired i mune surveillance
expwatyr dabaes was simest canhipletél rprevericdcinaieripicats @i NOD-PI BM (1/16,

B, o5 SRR A S evmen
QhatMs G abrBABO $§Tinyalrbd tiyim@eBsiradillance or exposure to ionising radiation
(Prochazka et al., Proc. Natl. Acad. Sci. USA 89: 3290-3294, 1992; Shultz et al., J.
Immunol. 164: 2496-2507, 2000). Exclusion of mice diagnosed with thymomas at
necropsy increased the proportion of mice with diabetes in both groups (NOD 7/10, NOD-
PI 1/5) but the difference in diabetes incidence remained significant between groups
(P=0.041). Because of their longer diabetes-free survival time, recipients of NOD-PI BM
had a higher proportion of thymomas (11/16) compared to NOD BM recipients (2/12).

EXAMPLE 3
T cell-depletion does not modify the protective effect of transplanted NOD-PI BM

Separate studies had found that mature T cells in NOD BM were capable of transferring
diabetes to immune-deficient NOD.scid mice. Diabetes development, following transfer of
whole BM, might, therefore, have reflected the diabetogenic potential of transferred .
mature T cells. However, it was found that, whereas whole NOD BM transferred diabetes
to at least 50% of non-irradiated T cell-deficient NOD.scid mice, no mice that received

BM from NOD-PI mice developed diabetes.
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significant between groups 20 (P=0.041). Because of
their | onger diabetes-free survival tine, recipients
of NOD-PI BM had a higher proportion of thynonas
(11/16) conpared to NCD BM rec%gi ents (2/12). EXAMPLE
3 T cell-depletion does not notitfy the protective
effect of transplanted NOD-PI BM 25 Separate studies
had found that mature T cells in NOD BM were capabl e
of transferri ng diabetes to i Mmune-deficient NO) scid

m' ey mﬁg del%ﬁe?@?gl?{ Ndﬁ%%? ol qroa%ts%r d®betes, the effect of

Qfaﬁﬁiﬂ!uﬁﬁ%nl“ Gelllﬁé;ﬁ&*eﬂ $MQ6 ifrscadted erwett-olantive eza§ té‘s@dl Recipients of
However, it was found that, whereas whol e

NCD B
th aﬁkﬂéﬁl?@d NORbBMedesined ditbefasaaita snmed mCldenCG (10/15) similar to

t
IR BLREE T Pl RAL B P36 0 T el M Sisanty
\€s290%/ P26100% 1E%M@GBTQ@H%§IetedNOBSPFBMJ(IFegﬂe 1B). When mice
cells in NOD, but not NOD- PI, BMcong tran fer

Vi StEROMT BPRAFSIE AL RFCTORSY ANETS| EPRAVR forB e Hepsist thg difference

%gk:‘%pl éﬁ%@g %&Eﬁeés st #Qg{ﬁ‘éﬁ%&s& 3 %/el oped

di abetes at a rate and |nC| dence (10/15) similar to 5
untreated controls, (7/12 Fi.gure 1B)...lLn contrast

& P oR BUTRIRD Slegteal Ficis plits) €8 156 100 days post-
i g&@%& 16T e 'd%l%{éHSBMS Iﬁf r&?ﬂléntsi SPNI5.0b1 N PhepRiYed BM, 54% of

. When mce Wt hynomas apparent at
rsletsopsy ﬁwe of insghitiy &igﬂnecﬁﬁ)tamd ramain)as]esr ecikinfiltiftionevasarestricted to

(t%. ﬁ?ﬁpﬁ@fgs 4 e_lrl%:ugﬁ% at) 8 }a#? }aql % ng %th" cell-depleted BM
R Q@%tdqulbt%'vﬁ‘éré fileb RF Ynduliti$ hnd’@ﬁ:r@&&@é}&@l%lﬂé)&f QkBatfon into the islets
post- BMI (1 x 107 T cell-depleted BM In recipients

dFigue2B). Thess| qbsg@rpm@tsg@ergwpﬂm by 2 s;gmﬁqagtlmp@cpd aean insulitis

Ismal%e Of g{({)fgﬁﬂ :ﬁégdt o B to@ﬁ‘ rc%c(ljplQIﬁng? §) QJ éure 2C Similar results

(W& lobbdreet aftdr Spansplatauat 6fassk 10T M déﬂmepleeﬁdtBMthll‘dailrﬂ'st to insulitis,
cell-depleted BM only 28%of islets were free of

imenfnuelear etlginfilgation\@fdhe sutdimgialeslang (sialitis} wasm simplag in recipients of
et %\}(ﬁs-%’I or NOD T cell-depleted BM and age-matched unmanipulated controls

(Figure 2D). This indicates that NOD-PI BM transfer protects specifically against islet

auto-immunity.

EXAMPLE 4

Pl-encoding hematopoietic stem and progenitor cells transfer diabetes prevention

Hematopoietic stem cells (lin”/c-kit/SCA-1") or progenitor cells (HPC) (lin/c-kit") were
sterile-purified from NOD and NOD-PI BM. To determine their effect on the development
of diabetes, small numbers of either HSC or HPC were transplanted into irradiated 4 week-
old recipients. Hematopoietic reconstitution was rapid and PBL populations were restored
by 8 weeks post-BMT. Diabetes was totally prevénted in recipients of NOD-PI HSC and
its incidence significantly reduced in recipients of NOD-PI HPC (Figure 3).



15 (Figure 2B). These observations were reflected by a
significantly reduced nean insulitis score for NOD Pl

w@eompmeod2 t o NOD reci pients (P=0.008) (Figure PCI/AU2003/001212
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Simlar results. were observed after transplantation
of 5 x 106 T cell-depleted BM In contrast to
insulitis, nononuclear cell infiltration of the
sublingual gland (sialitis) vvai simlar in recipients
of either NOD-PI or NOD T cel 4depl eted BM and

age- mat ched unmani pul ated controls 20 (Figure 2D).
This indicates that NOD-PI BMtransfer protects
specifically against islet auto-inmunity. EXAVPLE 4

Pl - encodi ng hemat opoi etic [ rogenitor cells
transfer diabet es pr event i@ﬁﬁfmﬁtopoi etic stem

cells ir |c , r

(I i)ﬁ“’/’%)e&l”ief‘” ko NORP B Dt A4 Blpd AR Feconstirution

NCD-PI BM To determ ne their effect on the
devel opnent of di abetes, nunber s_of either

dio ewiudgethe nossibidipy Hiet & PWEWHVF cHarap e NOPFE é?rMTo‘iV%P “the result of

AR PRSI S R v s

Bné%l@%dSSTm?i’eo tf@lirﬁédehydayﬁ OS] fexéllideﬂe&!di Blgﬁﬁjtdropfatih@lelmocytes were
and its incidence si i can i.n )

rekstgitisHy sedicedapnpmbeipa %qﬁ QNPR and NGB ﬁﬁmm%%‘%lgufe 4A). The

P)SJW%P&B?AQ% o ty’t%‘](e e MRIER D afdl @Eﬁﬁﬁm@ﬁ%y fBL2EN were reduced

al red | nfmun
(80-GA%, 26U bdi 85-8586, exesrleatieclyheelgiysstb tage'rmgtclnddacomm@ whereas the

N Y

0 X AA)OR tMEFefativepRéporBRfby BB sulRks 4B
?oﬁﬁlg’g{“ %&E}gg‘?{e T)ce | - depl etepz pBOMT Ci rculsgtl n (Figure 48)

Ivmrc crmyme]s indicatings abmlamepmstlwtmedbﬂtwdeﬂ rgfmﬁbeﬁht rebility of BMT
and

ﬂP?}BlSP 8 Loy ar |%?Hdﬂ§d&€tf<zgt 9Sur 5 4wé gleg Cinvestigated. Normal

ag%m&ﬁéﬁelﬂd[ﬁ?rﬁ&) aM(E recipieaty C(ﬁ’dN@@) 65@5(35%1 PX¥l1ategleted BM were
55% respectively ative to age mat ched
ammmeé wiflh evdbemi Hh&)Vfa} &P feysarpstBP M) e Taiogw e ates yin vitro recall

prsg)tonse 0 d\/n& W s GhitaP i FritfeRted mick affd Bfifks ﬁ/[’f"eg‘?&f‘p (Figure 5). Thus,

NOD-PI BMT was not associated with evidence of impaired immune reconstitution.

EXAMPLE 6

Cytokine-stimulated myeloid cells comprise undifferentiated DC precursors

As a source of ‘immature’ DC (iDC), BM was cultured in GM-CSF and TGF-beta (G+T).
These cultures contained mixtures of cell types, dominated by small round cells with
annular or segmented nuclei that expressed the myeloid differentiation marker Gr-1,
features characteristic with undifferentiated myeloid precursors. A small proportion of the
cells had a monocyte-like or immature DC-like appearance and expressed low levels of
MHC class II restricted primarily to intracellular granules. To Afurther define these
subpopulations of cells, BM cultured in comparisons were made between GM-CSF/TGF-
B1 and GM-CSF/IL-4, as the latter contains a mix of pheotypically mature and immature

DC along with small numbers of undifferentiated myeloid cells. In contrast to BM cells



BMI, total PBL count (Figure 4A) and the relative
proportion of PBL subsets (Figure 4B) were nornmal,

w0 paio2499g sim | ar reconstitution between gr oRQEAD2005@01212

10

15

20

25

30

ability of BMI recipients to nount a T cell-nedi ated

I mmune response was then investigated. Normal 15

age-mat ched NOD mi ce and reci pients of NOD or NOD-PI T

cell -depl eted BMwere imuniz wi th oval bum n ( OVA)

100 days post-BMI. Two weeks |"&t’ér, in vitro recall

responses to OVA were simlar in untreated mce and

either BMI group (Figure 5). Thus, NOD-PI BMI was not
asdineddafre GM-CSIEF/Elv-4d eBide colturediai GMFOSKTGE-P1 contained only a low

reconst it n. 20 EXAMPLE t oki ne-stinul ate )
yeusNeY @ mei s compesee thed Pﬁ&@ﬁfﬁ. gfaélaeragba?%c@?% dgrigure 6A), the
g%i‘r%srﬁlgf‘ Egﬁl%lggl% g’l'fg%tl'gn el%lﬁimlls BMyas of ldhﬁ%e: = gééﬁtmg (MHC

F an ese cultures cont
mlaﬂsﬂ)esncbﬁo—sﬁahhlatlypemleddm (D& aty CIH) lexpmased aeldDsl 1c+ DC in

Wﬁidhwﬁg?%ﬁﬁw hoa ANt TB o ¥l 1 o 4 BR@Opically immature
cher Eﬁé(ftl ?FF/‘I!E g g cE/ Fil akﬁﬂ nﬁﬁ&ﬁyfgc actj v1ty, a hallmark of

pr ectur sors. pr.op rtioff of t
nﬂmcmyiaﬂy-hmhmtwe (Chirit VEBSEX)- DCkwernpemsnmddsy Eﬁm: dextran uptake. In

SOREESPRD-4 Soplemeteciitres, oy Tihis/Cogl® dpmai L preppsedocytically

TRESE inHPPEHRTRIE. f‘§ pﬁﬁerﬁ@ﬂb‘s@cul s‘lf__kﬂbl_%;@]%gld Tells wre endocytically

conpari sons wer e tween GwW
Qdi€SF/ 1 L-4, as the Iatter contains a m x of
pheotypically mature and immature DC along with small
nunbers of undifferentiated nyeloid cells. In contrast

2
CRTHEE0HT 0 A e oA PR B fipulpiqp motooutes
c@iguae e dndmicye wehlosimblatgsenthy miked éyrhghaeytrresgiong G+T BM from

OB FBRGuspir g et Suerreny s (- dietes developmen
LoN&G] Gafifferdati@a0-9hesedld RehaldVNOD &lies gFible ANdFurther investigation
co-stinmul ation nolecules (CD86 and CD40) expréssed on

Qev¢aded tha GﬁTﬁl‘(Q\s‘noc@me?ﬁdﬁ-gm umbgrstafradifBreniated COM KD11b"/Gr-17
I f i -i
o A OERS RSB IR S,

activity, ahallrrark of functionally-inmmuature
(CD I c+/CD86'0) DC, were neasured by FITC dextran
upt ake. In EXAMPLE 7

Precursor DC

(31 an

Depletion of Gr-1" cells reduced the ability of G+T BM to inhibit diabetes, whereas
depletion of CD11¢" iDC did not (Figure 9). Transfer of purified Gr-1* myeloid cells from
NOD-PI (p<0.01) but not control NOD mice inhibited diabetes development in recipient

mice, confirming the protective role of these cells (Figure 10).

Unlike iDC, CD11¢/CD11b"/Gr-1"myeloid cells did not rapidly acquire a mature
CD11¢*/CD86™ phenotype 1n response to activational stimuli (LPS, anti-CD40). Instead,
they gradually acquired mature DC characteristics over 5-7 days in culture in GM-CSF/IL-
4/TNF-0.. CD11¢/CD11b"/Gr-1" cells present in G+T BM cultures therefore represent DC

precursors. Hence, the foregoing data indicate that myeloid DC precursors encoding a
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GW CSF/ I L-4 suppl eneted cul tures, only CDllc+/ CD386
i mmature DC were edocytically active; in

W@ERMWETBEHOTG- ( 31- suppl enented cul tures, only CDPAWAT2003/001212

cells were endocytically 10- active. iDCfrom GtT BM
expressed low | evels of MHC class Il and
co-stimulation nolecules (Figure 6) and were weak
stinmulators in the m xed | ynphocyte reaction. GtT BM
from NOD-PlI, but not control-3D nice, significantly
i nhi bited (p<0.01) diabetes devel opnment 15 when
transferred i.v. to 4 week-old female NOD m ce (Figure
diseasELpediBE atitbmeideh @orioirsnlin)r 2w sk edptehatt aGeImBMne disease.
cont ai ned | argé nunbers of undifferentiated CD 11

c/ CD1l b+/ G -1+ nyeloid cells in addition to
CD11lc+/ CDll b+/ Gr-1- i DC (ki Pﬁ) MPLE 7 20
Precursor DC Depl etion of - cel'l's reduced the

abi ity ojff 1?’3 EDIC%N% Ilgférém‘hké to CORPEYBRHC WASE BBASDC in vivo

depl etion'© DC did not (Figure 9). Transfer
of purlfled Gr 1+ nyeloid cells from NOD Pl (p<0.01)

g"ubqeq?%%wgeg ciin va'é\)%ﬁn gﬁﬁatioglgi I %%9 Vgli %t?t%tﬁfe ed cheéls Grl™ cells were

i’BEx%E@(Ptﬁ‘o}ﬁ? dM'c@szGFtﬁﬁ@ulﬁﬁéd srdifuliineoDHOBM Us}l dds®tion of CD1lc+
, CD 11 c%D 1 b+/ +hyel oid cells did not

balﬂn' dihe cailsjwierecthen @ESErldoelleJﬂml@Hﬂ@EBBdlrecpihemtotSpl@en | Rrozen sections

PR PR veragoed ot JPrymaL Tttty 8o SAliAon of CRSE-and

ShESRE! BbEIR se‘ils%ﬁﬁeﬁmﬁ@ Akss TN CO1 1YCEDI ™ @/@RSH was performed
30 4/ TNF- a. b+/ G -1+ cel I's present in

Biing llimumeﬁuoﬂqmeec@mecm@pms Bigurepd dgpenstrptes the ldﬂ@rf&@tlon of cell s

GBS ) B 51 il S crs

tieEas eeld) ¢6d fﬂl&‘dlélpbﬂémbhc@ﬁlcdmﬁﬁwmﬁuéd W)thaﬁﬁasalbﬂ&oh}mgated mAB,
prevent autoi mune di sease. EXAVPLE 8 Mel oj d cel

and iy daht mn@l shpveDmerged/ images | Qsl@l stptingos ngicgied Py gle presence of
§Pgﬁ€vgn@; g}f{ﬁe ghtvﬂa differentiati qn and survi val

+ cells were

Immunohistology

Cryostat sections (Sum) were cut from frozen OCT-embedded (Tissue-Tek, Miles Inc.
Elkhart, IN) tissues, air dried and fixed with cold 100% ethanol prior to immunostaining or
mounting. Avidin/biotin binding sites were blocked using avidin/biotin blocking reagents
(Vector, Burlingame, CA) and non-specific protein interactions blocked with 1% BSA.
Biotinylated primary antibodies were applied at predetermined optimal concentrations for
one hour at room temperature. After washing, streptavidin-HRP (Vector ABC-Elite,
Vector, Burlingame, CA) or streptavidin-texas red was applied for a further hour.
Immunoperoxidase slides were washed and staining developed with enzyme substrate
(VectorRed, Vector, Burlingame, CA). Immunofluorescence slides were rinsed and

mounted in anti-fade reagent (DAKO Corp., Carpinteria, CA).



purified from G\ CSF/ TG~ (31- cul tured proi nsulin-NOD
BM by depletion of CDlc+ <cells. The cells were then

WEEBHabEel | ed and injected directly into spl eBCI/AU2003/001212
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Frozen sections of spleen were stained for

| mmunof | uor escence anal ysis. Localization of CFSE-and
10 antibody | abelled cells (either MHC class I

CDllc, CD1llb or GR-1) was perforned usi ng
Innunofluorescence n cr oscopy. 1?gure 11 denonstrates
the identification of cell s which satin positive for
CFSE and all four markers tested. The left panels show
Cyfokpinkabel | ed cells, the m ddl e panels shows cells
visualized with texas red conjugated mAB, and the

ri ght panel shows nerged inmages. Dual stating is

ttﬁrﬁi ?ﬁﬁ% e&'er@%r&ﬁb?e@ﬁﬁﬁg rétC@yt@ifuge J(ghzﬁfdloﬁhl’ltb@ﬁhﬂgﬁ PRI SCitBspins were

I ght panel . | m nunohistol ogy OCryostat sections
6Bimejl weng Blff @uiksm(TEabo Zeids RLY- étdgeHa@@be(em NIV Paptralia) or by
M1les l.nc 20 El khar IN) tissues, air dried and
fW‘élﬂothﬁh%FtayiSO%?c@?eﬁi nol prior to imunostaining
or nounting. Avidin/biotin binding sites were bl ocked
usi ng avidin/biotin blocking reagents Vect or
Bhosd skijdedein toayrt avit annwc@ffefgatfth@ myieatien Aescrbed hereinds susceptible to
bl ocked with I [

NP S a1 aipaCaBP a8l B B FRRATRerRph. BASHEBe understood
filgh thenevdnGivh iaélud«osl tsechp @tastions. andf nedifivatitrisng The invention also
stre tavidin-HRP (Vector ABC-Elite, 25 Vector,

Bisluden gHrad theippsy feaiires sORPPSIHALY Fidacompaynds tefemerd togqy indicated in
r: X [
I8 st B Ry o BTN RS S HE Sl Rfoms of any two or
ﬁﬁéﬁebﬁgdi@dwpé/@cﬂemesBurl i ngame, CA).
| mmunof | uorescence slides were rinsed and nounted in
anti-fade reagent (DAKO Corp., Carpinteria, CA. W
2004/ 024902 PCT/ AU2003/ 001212 -27- Cytospins
Cytospins were prepared using a cytofuge (Shandon,
Pittsburgh, PA). Cytospins were stained using Dff
Quik (Lab Aids Pty Ltd, Narrabeen, NSW Australia) or
by 5 i nmunohi stochem stry as described. Those skilled
in the art will appreciate that the invention
descri bed herein is susceptible to
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nodi fications. The invention also 10 includes all of
the steps, features, conpositions and conpounds
referred to or indicated in this specification,
i ndividually or collectively, d any and all
conbi nati ons of any two or maé‘ g‘ of said steps or
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t hod _f or ner af j an ant | resenti cell ( "
Sarite B LB ofmdiand b oo SRk Befifagr OF tdhaitio cols
FHnPhYBIREp AL SARTEIn HAbithniB{eRAEnCRIGhesE AbER Mmsel J.Whmunol. 168:
a 5 Sanple of henopoetic stemcells (HSCs) and/ or
130859064t c progenitor cells (HPCs) froma subject,

i ntroducing into one or nore HSCs and/or HPCs genetic
mat eri al encodi ng said autoantigen under conditions
wherein said genetic nmaterial is expressed so that the
HSCs and/or HPCs produce said autoantigens. 10 2. The
met hod of claim11, wherein said APC is selected from
the group consisting of a dendritic cell

B- | ynphocyte, epithelial cell, nonocyte and
macr ophage. 3. The nethod of claim2, wherein said APC
is a dendritic cell. 15 4. The nethod of claim1,

wherein said subject is selected fromthe group
consisting of a human, prinate, sheep, horse, cow,
donkey, pig, goat, rabbit, nouse, rat, guinea pig,

dog, cat, bird, chicken, bantans, geese and turkeys.

5. The nethod of claiml1, wherein said subject is a
human. 20 6. The nethod of claim1, wherein said HSCs
and/ or HPCs are derived froma source



selected fromthe group consisting of bone marrow from
hi pbone, bone marrow, cord blood, blood fromliver,

whk@met24999Dm a ti ssue and PBMCs. 25 7. The et hpar/afi2003/001212

10

15

20

25

30

claim6, wherein said HSCs and HPCs are derived from
bone marrow from hi pbone. 8. The nethod of claim1,
wherein said autoantigen is associated with a di sease

sel ected fromthe group conS|s%bng of type 1 diabetes

or insulin-dependent diabetes,; °“30 system c | upus,

Crohn' s di sease, cardlonyopathy, henol yti c anem a,
fibronyal gia, Gaves' disease, ulcerative colitis,
VE@EAIMSti s, multiple sclerosis, nmyasthenia gravis, WO
2004/ 024902 PCT/ AU2003/ 001212 -33 myositis,

neutropeni a, psoriasis, chronic fatigue syndrone,

juvenid ﬁleﬁ{cfdrfﬁf bérieratin \éﬁrhhhgcn pleadghesell CPEY WHiRh FPesents an
psoriatic arthrrtis, S ogren's syndrome, rheumatic
fasteantigerhaseeraated mthantantqmnwne disarseovaitbeethodicamppisingicellecting a

L SR ORSI o B Bl i?sl%/o RAITREE pfoghhiféiaRfls (HPCs) from

(hysﬁlbj det, $ntrd@1@61|iig(iﬂ1t@uﬁle R RIGraHS Ce ukdenEeps @bmdtici’maténal encoding said
al opeC|a areat a, ankyl osi.ng spondylitis, prima

tﬁutqaatlgerbmdphwdgtmna Athereamgaia @smtwtm@erl%lﬁi exprosHA so that the HSCs
d syndrone, polynyal gia

fﬁeu @ﬁi &n&ﬁkfsgﬁgﬁﬂgﬂhg&ﬁaut0|nnune Addi son' s

di sease, chronlc active hepatitis, vitiligo,

?ﬁhsgfin%ﬂﬁﬁtp@% Sﬁém%ﬂw‘? R ARG FOTIPelRIdEa 1o rotp consistng of
ahu@e@h angﬂfga'o 1&93&1Qbﬁ%ﬁo§ﬁ5}%8iﬁd%néﬂr§&ﬁ§§’

ous pe erglc ast
osteoarthrltls Chagas di sease, uveitis, chronic

i nf |l anpmat or el| po, ur opat h:

T o oYl 525 L, B0 XARU 2R (D).

Cogan's syndrone, congenltal heart bl ock, Cbxsackie

myocarditis, denyelinating neuropathies,

d@r mat Bimyosthod of clding & oWhlereimsail suimat:l@ aﬁltsq:tgé fiom the group consisting
rteritis nodos Dressler's

|
e PR e b T rGINeSy Tl 2t PTG T suinea i

ngd@@tsslw ghitk&y HAhaA., gekbe ald @AGYS. rhinitis,
l'ai n-Barre syndrone hypogannaglobullnenla

|ncIu5|on body nmyositis, vesicul obullous dermatosis,

gen s LSeASE:
X%nbee{heén?tgﬁg%ﬁ/% ‘k’ﬁ?\%%bsgidesrusm%{:lgra% non- t ypi cal
celiac di sease, ocular cicatricia

6. The method of claim 1, wherein said HSCs and/or HPCs are derived from a source
selected from the group consisting of bone marrow from hipbone, bone marrow, cord

blood, blood from liver, blood from a tissue and PBMCs.

7. The method of claim 6, wherein said HSCs and HPCs are derived from bone

marrow from hipbone.

8. The method of claim 1, wherein said autoantigen is associated with a disease
selected from the group consisting of type 1 diabetes or insulin-dependent diabetes,
systemic lupus, Crohn’s disease, cardiomyopathy, hemolytic anemia, fibromyalgia,

Graves’ disease, ulcerative colitis, vasculitis, multiple sclerosis, myasthenia gravis,



penphi goi d, penphi gus vulgaris, perivenous
encephal onyelitis, post-pericardiotony syndrone,

W@ 20024995, sperm and testicul ar autoi mmunity, PE/AD2003/001212
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man' s syndrone, subacute 20 bacterial endocarditis
(SBE), synpathetic ophthal ma, transverse nyelitis and
necrotizing nyelopathy, type 1 autoinmune

pol ygl andul ar syndrone, type 11 autoi nmune

pol ygl andul ar syndrone, pernit?dus anaeni a and

endonetriosis. 9. The nethod of claim1, wherein said

aut oi mmune di sease is insulin dependent 25 diabetes.
Wositi encieopata, @orisis, bhrbnicviatgue syndmine, prvenidmaritg#is, juyenile
proinsuljn or an inmmunogeni ant

c,. honpl o igen . :
debpigatsclpodopap.psopat 15590 gr(gg]tasl sgﬁdrppﬂgr g%pmag@ feygr, rheumatoid

. .of :cl ai , i i i ; i .
b e e
hixedibemeeiveddswd disdaaé, mteGtitiak st psaidoysranemsa, ldukognrephalitis,
a._humani zed proinsulin, ..wherein said proinsulin.g .\ .
FHPESIB AR ARSI SRS RHSAT R STRPOst: got-GiFM gephrits, anti-
Wﬁ%e?hrﬁﬁ?ﬁnti-%ﬁoﬁﬁé syifrome, podym$alpRIAQEnRca, polymyositis,

preventing’ or ati ng an autoinmune di sease in a
sutvireotune Addispsis gseasen throdigcichive hepatitis itdligou Bjteamuie

APC which.presents an autqgantjigen associated.wth an ....
BYPT RIS arOumEnS thySterile SRPL T ARl s ibistinks {Btrpid disease,
Ax SHTBhE néifroh2 Hemephthies SB&¥eLelissase,(HiBGES p ip6id, allergic asthma,
henopoetic Erogenltor cells (HPCs) froma subject,
iostepartiuttisnghages odiserse.diveitigprhsonisayleapaatery depoeligang i c

ol : it - S ’
RRbF el SRR Al AR IR ooR AR B0, K ean's
s oma dégetiRChedit BIBUE L BR@hckie mybaaditis gRasyeliddtingiearopathies,

nmet hod of claim 13, wherein said APC is selected from ,
slegrastamiyesitis, discpid Ippus, phassartigesic wisitisneelyateritis nodosa, Dressler’s

e . : p ! 3 i )
TR TR STtk 1R T O St s e
rifeipdarbiditis | Guiltaih-Barsshgméiomes Ayb gaminjagidbulisersial axctusitbn body

fromthe gr consi stin .. .
myositis, ves?cu?o%%llous Sermatos s, Wegener’s granulomatisis, Méniere’s disease,

Lambert-Eaton syndrome, Mooren’s ulcer, non-typical celiac disease, ocular cicatricial
pemphigoid, pemphigus vulgaris, perivenous encephalomyelitis, post-pericardiotomy
syndrome, scleritis, sperm and testicular autoimmunity, Stiff man’s syndrome, subacute
bacterial endocarditis (SBE), sympathetic ophthalmia, transverse myelitis and necrotizing
myelopathy, type 1 autoimmune polyglandular syndrome, type 11 autoimmune

polyglandular syndrome, pernicious anaemia and endometriosis.

0. The method of claim 1, wherein said autoimmune disease is insulin dependent
diabetes.
10.  The method of claim 1, wherein said autoantigen is proinsulin or an immunogenic

homolog, antigen derivative, part, fragment or portion thereof.

11.  The method of claim 10, wherein said proinsulin is of human origin.



of a human, primate, sheep, horse, cow, donkey, pig,
goat, rabbit, nouse, rat, guinea pig, 20 dog, cat,

wheod/024902 cken, bant ans, geese and turkeys. 17PCTAB2003/001212
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met hod of claim 13, wherein said subject is a human.

18. The nmethod of claim 13, wherein said cell is

derived frombone marrow fromthe 25 hip bone, bone
marrow, cord bl ood, blood fromliver, blood froma

ti ssue and PBMCs. 19. The met héfi-of clai m 18, wherein
said cell is derived frombone marrow froma hip

bone. 30 20. The nethod of claim 13, wherein said

agt oamhegedthodobdsioc] Gvaerein tdid aradhsdiadiea hembwicédproinsulin,

fromthe group caonsisting of type 1 di tes or .
iR ﬁalég’b@ﬁg@ﬁ‘tls drrhee e gt SepeEisben COW, pig, sheep, horse,
PG AZOOMUPAL212  -35 systemic lupus, Crohn's

séase, cardionyopathy, henolytic anem a,
fibronyalgia, Gaves' disease, ulcerative colitis,

vascul jtis, tiple sclerasis ast heni.a gravis,,. . .
osi th sind Rtoisyaitns SrEtstPadh eMbTRmHF tiopdle R Sibicct comprising
IHRSHR AR into 4R bR cBsd APCIWISich pre¥&$ hautdaidizeh @Ssociated with an
scleroderma, psoriatic arthritis, Sjogren' s syndrone,

rangumetuine diseess; said methedtcomprisingropHedting s, sagpkr @fdictpppetic stem cells

(PRRE RS PR o BRRD Co PR bl Chuni RS BBlehgnt one or

| R&RIHR A drdl or GV denSiic RRfRCéMRY8ingREIdI adtoantigen under conditions
| eukoencephal itis, al opecia areata, ankyl osin

splesnein skidi gsnetin mptgrigl ipexprazsgd 8¢ thehtsiHS Cyand/ar&Bis produce said

nephrij:tis, anti- TBM nephritis, anti-phospholipid
S %@Pgééﬁ'polynyalgia rheumati ca, polynyositis,
aut oi nmune Addi son's di sease, chronic active
hepatitis, vitiligo, autoinmune 10 hyperlipidem a

aldk o mheaethyd ebelam 13 wheseip sHAIARE tsselepted fromy o derdriticesell, B-
t i i t hi ’
Rl P AR ool Ay R LB, P aet ha,

osteoarthritis, Chagas' disease, uveitis, chronic

i nf | ammat or enyel i nating . paly topat hy. .(Cl.DP),
civcat r} %F%ﬁgﬁgﬁﬁ%i‘g/%%waﬁm s %@H%Hg a%‘Eg,
Cogan's syndrone, congenital heart bl ock, Coxsackie

myocarditis, denyelinating neuropathies, 15 o
dis: mat Bhmyosthod of clding ¢ whdreipgsid spbjactosselégehfrom the group consisting

i PSR PS5 B 5 g RHRETR. i i
@RRILASBIRI, @hiek &, DAAEAB, geese and turkeys. °

17.  The method of claim 13, wherein said subject is a human.

18. The method of claim 13, wherein said cell is derived from bone marrow from the

hip bone, bone marrow, cord blood, blood from liver, blood from a tissue and PBMCs.

19.  The method of claim 18, wherein said cell is derived from bone marrow from a hip

bone.

20.  The method of claim 13, wherein said autoantigen is associated with a disease

selected from the group consisting of type 1 diabetes or insulin-dependent diabetes,



allergic rhinitis, Quillain-Barre syndrone,
hypoganmagl obul i nem a, inclusion body nyositis,

wao emitoedoobul | ous dernat osi s, Wegener's granul OPEI/ABRM®3/001212

10

15

20

25

30

Meni ere's di sease, Lanbert-Eaton syndronme, Moren's

ul cer, non-typical celiac disease, ocular cicatricia

20 penphi goi d, penphigus vulgaris, perivenous

encephal onmyelitis, post- perlcarglotony syndr one,
scleritis, spermand testicul as aut oi munity, Stiff

man' s syndrone subacute bacterial endocarditis

(SBE), synpathetic ophthalma, transverse nyelitis and
Restemtci Iapusy Crohres dipedséycardigpgoatiauhenniytin@nemia, fibromyalgia,

f;g%% 1,2%%}321; c%%ndr “Cﬂi@ ‘ﬁ\é&ﬁ}t& %ﬁﬁ g%%g%p%s Jiypsthenia gravis,

%gﬁfiﬁﬁt bR enia; 215"01%&915 -Eﬂﬁ)nﬂ‘:‘iitaﬁg& Sindfdnd, Fﬁv%ﬁlle WIRHR fuvenile

aut oi mune’ ‘di sease i s insulin-dependant
dii dhistes owler@ermapsoretihathrifs, Sjogrem Slsyndmhm ghaymgic dever, theumatoid

AR getgRitp Garipan brtor gnalT PARIEL Fr, Hhshimoto's discase
tﬂi‘&é& @cﬁnneme?t%ﬂé 83428 AnRfsTitiAlRRHES, Q)@ﬂrﬂéhaus andfhid, 3euk755ﬁ:ephahtls

met hod of claim 22, wherein said proinsulin is of
radenseiarda, nkylasing prondyitio gripRry:hiliay Grhosih 8pGBM gieghritis, anti-

nois,. A s
CET G e DT RS B e BB Ras B oot
cawimshee A ddivhsalis@sg thronfr avtus Reptids,ratiliga? autoAnmune
met hod for treating or preventing an auytoi nmune

diyperdipidemia.auiaipnege m.\/@eﬁrert}sﬁeﬁ@)m(l Ayteiddy, priofnpyne thyroid disease,
a‘?(gﬁélean? Belﬂ%%gl% oél)gt%l?eisgrﬁé%% ﬁls% Cﬁgllo?@ gélﬁghlémg allerglc asthma,
(dsieoaﬂhrﬁtiyj Qhbgey’ distaseaneitisy chronie itfE@smatoly d&mj‘dﬁiﬁa’tmg

genetic materjal encodin

{ { d
PORETBAT AR EDR). fcaic 13@%3&%@ T g@.nla\'l @%ﬁﬁi@é@&ogm 8
Ehlaﬂfe E&ﬁ;emlfﬁ%aﬁﬂﬂ/cf?rcw Qﬁ{l@ﬁﬁ/@b‘&&tﬁadéiinyelmatmgdneuropath1es

oantl I’nfusing of iIntroducing sai
gimaaﬂonazb‘slyls rrhsjqofd h;gus; phhmaniigenicunedtiss polyaderitis nodosa, Dressler’s

syndrome, essential mixed cryoglobulinemia, Evan’s syndrome, Goodpasture’s syndrome,

allergic rhinitis, Guillain-Barré syndrome, hypogammaglobulinemia, inclusion body
myositis, vesiculobullous dermatosis, Wegener’s granulomatisis, Ménicre’s disease,
Lambert-Eaton syndrome, Mooren’s ulcer, non-typical celiac disease, ocular cicatricial
pemphigoid, pemphigus vulgaris, perivenous encephalomyelitis, post-pericardiotomy
syndrome, scleritis, sperm and testicular autoimmunity, Stiff man’s syndrome, subacute
bacterial endocarditis (SBE), sympathetic ophthalmia, transverse myelitis and necrotizing
myelopathy, type 1 autoimmune polyglandular syndrome, type 11 autoimmune

polyglandular syndrome, pernicious anaemia and endometriosis.

21.  The method of claim 13, wherein said autoimmune disease is insulin-dependant

diabetes.

22.  The method of claim 13, wherein said autoantigen is proinsulin or an immunogenic

homolog, derivative, part, fragment or portion thereof.



15 26. The nethod of claim 25, wherein said HSCs
and/ or HPCs undergo cytokine nediated nobilisation.
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selected fromthe group consisting 20 of human,

primte, sheep, horse, cow, donkey, pig, goat, rabbit,
nmouse, rat, guinea pig, dog, cat, bird, chicken,

bant ans, geese and turkeys. 28, The nethod of claim

25, wherein said subject is a #uman. 25 29. The net hod

of claim 25, wherein said HSCs and HPCs are derived

froma source selected frombone marrow fromthe

BB pboMhe nizthuel ofetaimd2, whecirhdaodproinsiibod dfbmmahniorigin.

bl ood froma tissue and PBMCs. 30. The nethod of claim

29, wherein said HSCs and HPCs are derived from bone

30 Mo W SHJIB R 14HnPR0 VB ereWR 2P P REE O humanised proinsulin,
PCT/ AU2003/ 001212 -37 31. The nethod of claim 25,

wheregn seid pradnsalit gadrivge firoinsthe ssowi sstestedwifphe, aowi gsep.diorse, goat,
sel eCtg}%F aLromthe group consisting of type 1 diabetes
FOUFREYt 1%h- dependent di abetes, systemc | upus,

Crohn' s di sease, cardi onyopathy, henolytic anem a,
fibronyalgia, Gaves' disease, ulcerative colitis,,

28s cul& method ferl treéaging os plegprBEIgHn awaRHEg diseatedlasubigct
mO/osf.t.i S, neutropenia, psoriasis, chronic fatigue

§ylﬁ‘8'?%1&%’, juvenile arthritis, juvenile diabetes,

scl er gger meoll@s@g ladhingleafhBmobbatic sinegeltn(HSCs) aad/onesmopoetic
rheumatic fever, rheumatoid arthritis, scarcoidosis,
pErgspeHicds (HPomERy e SpRIRste purpura (1 TP), Hashinoto's

di sea . t}‘oqﬂlcﬁl%riﬂtg%t& Yot S Fides dheBRERCs genetic material encoding
interstitial cystitis, pernicious anem-a,

kgidleomaagpdnainder conditione péetein sdié géreetic amdtyiab $d expressed so that the
spondylitis, pripary hiliary cirrhosis, anti-GBM
ﬂrﬁ%ﬁﬁmld(og,@é?ﬁﬁrowe?mqﬂ@aﬁ g45520dant i - phosphol i pi d

syndr : : ' [ e oY) qtdeBe i . :
0t of Hoime i o PARGh I8 SBA LERicRIY MTUARofs into said subject
hepatitis, vitiligo, autoimune hyperlipidem a,

Bhy ol RGBS I oA HSrin s S AP aG CooKine

- Bedhm8td sodiiggase. bul | ous penphigoid, allergic asthma,

27.  The method of claim 25, wherein said subject is selected from the group consisting
of human, primate, sheep, horse, cow, donkey, pig, goat, rabbit, mouse, rat, guinea pig,

dog, cat, bird, chicken, bantams, geese and turkeys.

28.  The method of claim 25, wherein said subject is a human.

29. The method of claim 25, wherein said HSCs and HPCs are derived from a source
selected from bone marrow from the hipbone, bone marrow, cord blood, blood from liver,

blood from a tissue and PBMCs.

30. The method of claim 29, wherein said HSCs and HPCs are derived from bone

marrow from a hipbone.



osteoarthritis, Chagas' disease, uveitis, chronic
i nfl ammat ory denyelinating 15 pol yneuropathy (Cl DP),

W@ e@ane49ei al penphi goi d/ beni gn nucosal penphi getT™AU2003/001212
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Cogan's syndrome, congenital heart bl ock, Coxsackie
nmyocarditis, demyelinating neuropathies,

dermat onyositis, discoid |upus, phacoanti genic

uveitis, polyarteritis nodosa, ,Dressler's syndrone,

essent i aI m xed cryogl obul i nem33 Evan' s syndrone,
Goodpasture's syndronme, allergic rhinitis, ,

Gui l'l ai n-Barre syndronme, hypoganmagl obul i nem' a,

i3ncl u§lTImnnd:uhxmtyoﬂﬂairry2ﬁ, iwhesgin vad iaul@bmttgsvhli@mociated with a disease

der mat qsi s ranul o Si s, ere's .

GFlotia Gom fos S50 CorsipRE SR batbeien or ot ffhelent diabetes

R ﬁeﬁﬁ/otlhﬁ@ e @8isEse CAFBomPSHHIRY, hemORkitIahb@la, fibromyalgia,

penphlgO| , penphi gus vul gari s, perivenous

diraegsh disom,emlctrasye mimsfmwhtm ohutiipdnyclerasisn dnyasthenia gravis,

scleritis rmandte aut rmunlt Stiff . .
EesltschitneBRE Reffskin, CBronfe Py o dlifie s, juvenile

(cﬁa%%ies @qut s@n@@mﬂﬂﬂhm Q}ogfanﬂfo‘hﬁa ieRhiatic $ev@B dheumatoid

necroti zi ng 25 g{g@t hy, pe 1 autoi nrune

gs,asn@molépmgyd@p throyrﬁ@cxtppamt: pipHIA@TP), Hashimoto’s disease,

lé%%g?lﬂ}%gtg\%rtlsséigls% f%lﬁalcé}%ﬂ ? %Q&?%@s %{%g'lrlaé leukoencephalitis,

Sifdpcialk&itd)anitdodhs eaedylitis, brisiaty bilidepaittesid, anti-GBM nephritis, anti-
di abet es. 30 WD 2004/ 024902 PCT/’AU2003/ 001212 -38 33.
M mephidis, enti-phesphebeld sypipernplynyal amrbalﬁwtgcgnmlxmyosms

NS
s T L S
diygempﬁﬁmlwaatc&mmma n@roparmtmsmmmral arteritid) umrmmungthyrmd disease,
5 35. The od of gherel n _said 1grm nsul
aomlRg s TispipAiS He heelpdhegrss Maogs BrPhigE; Higio asthma,
ARfcoygehidd @ﬂ? 5@1@5&@ welt {%C&ﬁgmf:fmalﬁxﬁﬁtogf @thyelinating

consi sting o cow, sheep, horse, goat, house and
rp@iyneﬁﬂ)p%y (@I]RP), cmatrmﬂl perpphagoxdﬁmargnrmmoaal ;fempﬂmgosthlca) gan’s

kit conprisin t . conpart nent ap .0 receive
g ERER R besh bRk, Ceaiss Bips iRy dipel fad o ppaties,
RGBS, discoid lupus, phacoantigenic uveitis, polyarteritis nodosa, Dressler’s

syndrome, essential mixed cryoglobulinemia, Evan’s syndrome, Goodpasture’s syndrome,
allergic rhinitis, Guillain-Barré syndrome, hypogammaglobulinemia, inclusion body
myositis, vesiculobullous dermatosis, Wegener’s granulomatisis, Méniere’s disease,
Lambert-Eaton syndrome, Mooren’s ulcer, non-typical celiac disease, ocular cicatricial
pemphigoid, pemphigus vulgaris, perivenous encephalomyelitis, post-pericardiotomy
syndrome, scleritis, sperm and testicular autoimmunity, Stiff man’s syndrome, subacute
bacterial endocarditis (SBE), sympathetic ophthalmia, transverse myelitis and necrotizing
myelopathy, type 1 autoimmune polyglandular syndrome, type 11 autoimmune

polyglandular syndrome, pernicious anaemia and endometriosis.

32.  The method of claim 25, wherein said autoimmune disease is insulin-dependant

diabetes.



adapted to contain genetic material encoding an
autoantigen; optionally a third or nore conpartnents
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instructions for use conprising in a nethod

conprising collecting a sanple of henobpoetic stem

cells (HSCs) 15 and/or henopoetic progenitor cells

(HPCs) from a subject, introducing into one or nore

HSCs and/or HPCs genetic mater$&t encoding said

aut oanti gen under conditions wherein said genetic

material is expressed so that the HSCs and/ or HPCs

BBOdUTRe $@dtibd Eilaarts, gdeeein 204 dtoardigen iy groinsulin or an immunogenic
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condi tions wherein said genetic material is expressed
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aut oantigens. 38. The use of an APC whi ch has been

gemetin eaifl Ipyomwdimfls detived fiame s eontrcaiseleniecoiipmithregroup consisting of pig,
asso th a disease in the manufacture of a
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di sease, wherein said APC is generated froma HSCs

and/ or HPCs. 30 WO 2004/ 024902 PCT/ AU2003/001212 -39
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said APC is a dendritic cell 41. The use according
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said genetic material is expressed so that the HSCs and/or HPCs produce said

autoantigens.

37. A subject comprising an introduced APC, wherein said APC is generated using a
method comprising the steps of collecting a sample of hemopoetic stem cells (HSCs)
and/or hemopoetic progenitor cells (HPCs) from a subject, introducing into one or more
HSCs and/or HPCs genetic material encoding said autoantigen under conditions wherein
said genetic material is expressed so that the HSCs and/or HPCs produce said

autoantigens.

38.  The use of an APC which has been genetically modified to present an autoantigen
associated with a disease in the manufacture of a medicament for the treatment.of an

autoimmune disease, wherein said APC is generated from a HSCs and/or HPCs.



43. The use of claim 38, wherein said HSCs and/or HPCs
are derived froma source selected fromthe group

w@oengisodng of bone marrow from hi ppbone, bone PEF/AT2003/001212

10

15

20

25

30

cord blood, blood fromliver, blood froma tissue and
PBMCs. 15 44. The use of claim 38, wherein said
autoantigen is jassoci ated with a di sease sel ected
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vaScul The 8se araonding te climaBowhercinspic ARENF aelefted frem the group
yaBiskhor AU ARER T Al AR BbRCP Bloto0 B8 it acrophage.
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di sease, m xed connective tissue disease,
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ut ol nmune Addison's di séase, chronic active
hepatitis, vitiligo, autoinmune hyperlipidem a,

o of St eec SRl TR RESp BB HEGP sl sToma human

Behcet' s di sease, bull ous penphigoid, allergic asthm,
osteoarthritis, Chagas' disease, uveitis, chronjc

i 41 amfke wiepof glaipals, wherehysagbHEEs pador DPEs bye deaivebfrom a source

cl i <l al efo) ' hi goi d
chiald o RO RSP ARG R IROLE B pogo. cor
nylooddbdd Somdisey, dldodatdmg tivaisrapp PBNIES, WO

2004/ 024902 PCT/ AU2003/ 001212 -40 dernmatomyositi s,

di scoi d | upus, phacoantigenic uveitis, polyarteritis

ngglos l.er’ i al. . m . .

B TRy, A 500 BBt it a e sloted
sfromirtbereroup abhestigofitypeni dinbsgtes@riihdudinricBarident digbetes) 8¥stemic lupus,
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h am | obul L nem a cl itis ) ..
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Mepéehi R SolfisSRASEtisPmbRPEEderbal, My MR O Bvis, MpRIsRIL i
ulcer} non-fypicafmcgﬁiac di%éasgﬁyocu gr cf%atrﬁcﬁé‘nmnpmn&
psoriasis, chronic fatigue syndrome, juvenile arthritis, juvenile diabetes, scleroderma,

psoriatic arthritis, Sjogren’s syndrome, rheumatic fever, theumatoid arthritis, scarcoidosis,
idiopathic thrombocytopenic purpura (ITP), Hashimoto’s disease, mixed connective tissue
disease, interstitial cystitis, pernicious anemia, leukoencephalitis, alopecia areata,
ankylosing spondylitis, primary biliary cirthosis, anti-GBM nephritis, anti-TBM nephritis,
anti-phospholipid syndrome, polymyalgia rheumatica, polymyositis, autoimmune
Addison’s disease, chronic active hepatitis, vitiligo, autoimmune hyperlipidemia,
autoimmune myocarditis, temporal arteritis, autoimmune thyroid disease, axonal and
neuronal neuropathies, Behget’s disease, bullous pemphigoid, allergic asthma,
osteoarthritis, Chagas’ disease, uveitis, chronic inflammatory demyelinating
polyneuropathy (CIDP), cicatricial pemphigoid/benign mucosal pemphigoid, Cogan’s
syndrome, congenital heart block, Coxsackie myocarditis, demyelinating neuropathies,



penphi goi d, penphi gus vulgaris, perivenous
encephal onyelitis, post-pericardiotony syndrone,

W@ 20024995, sperm and testicul ar autoi mmunity, PE/AD2003/001212
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man's syndrome, subacute bacterial endocarditis

(SBE), synpathetic ophthal ma, transverse nyelitis and
necrotizing nyelopathy, type 1 autoinmune

pol ygl andul ar syndrone, type Lloqutoinnune 10

pol ygl andul ar syndrone, pernicious anaenmi a and _
endonetriosis. 45. The use of claim 38, wherein said

aut oi mmune _di sease_is insulin-dependant diabetes. 15
A¢TmREEYsikis o iseoiy Juprs Phacgaatigsmic Yesiis, aolyederitisyedosa Dressler’s

)oY [ d j [ : g, rivaid v .
AU, L35, TR gy L s’ i,
calkergic Afinitish@unidlain-Banirdsymid ainmnsg lhblpdigahﬁnagl%ﬁmmﬂlid; ﬁl?cglisﬁbn body
20 48. The yse of claim 38, wherein sai roinsulin is
UK iVE%?}HBl?‘BfOHé dematosih B egiener’ s gpanlprgtisis,YEmetes disease,
desnhy@dELGR _519’19!191%01%3‘sﬁ&e@,dncf%@?}cgﬂeeli% ?ﬁgase ocular cicatricial
consi sting of pig, cow, sheep, se, goat, nouse an
rremphigoid, pemphigus vulgaris, perivenous encephalomyelitis, post-pericardiotomy
syndrome, scleritis, sperm and testicular autoimmunity, Stiff man’s syndrome, subacute
bacterial endocarditis (SBE), sympathetic ophthalmia, transverse myelitis and necrotizing
myelopathy, type 1 autoimmune polyglandular syndrome, type 11 autoimmune

polyglandular syndrome, pernicious anaemia and endometriosis.

45.  The use of claim 38, wherein said autoimmune disease is insulin-dependant

diabetes.

46.  The use of claim 38, wherein said autoantigen is proinsulin or an immunogenic

homolg, derivative, part, fragment or portion thereof.
47.  The use of claim 46, wherein said proinsulin is of human origin.
48. The use of claim 38, wherein said proinsulin is a humanized proinsulin, wherein

said proinsulin is derived from a source selected from the group consisting of pig, cow,

sheep, horse, goat, mouse and rat.



