02 March 2007 A METHOD OF TREATI NG AN AUTO MVIUNE
DI SEASE BACKGROUND OF THE I NVENTION 5 FI ELD OF THE
I NVENTI ON The present invention relates generally to a
met hod for treating or aneliorating the synptons of
or reducing or otherwise minimzing the risk of 02March2007
devel opnent of an 10 autoi nmuné di sease such as but
not limted to autoi nmune di abetes. Mre particularly,
the present invention relates to the use of
genet i cal MEAIHOD F RAopdildiG ANteUT EEVIMUNRDIGEASE
henopoi eti c progenitor cells which express genetic
mat eri al encodi ng one or nore autoantigens which give
rise to antigen-presenting cells that induce inmune
ranc and/ or protective inmunity. The present
{ﬂbﬁqﬁgﬂﬁqgé@ 'lﬁﬁkéﬁaﬂgwjgcﬂhthod for the 15
reatnent and/ or prophyl axi s of autoi nmune di sease
conditions such as type | diabetes. DESCRI PTION OF
THE1IPRIDGRyARTE BNbkinagoaphi ¢ details of references
provided in the subject specification are |isted at
the end 20 of the specification. Reference to any
Prigf @edeni Mlehic sp8 & hou
be takgn as, an ackn%tf%ggﬁ%gﬁ %?n%ﬁ§{PQWQM§ Uk Deflbratic e
sug‘“éj'é‘g't“%nm; Ratreduwing pr icgierase thipiginpatht ok thelevelopment of an
[ € OB hmBEN | Y
nsul | he dﬁpﬁlﬁﬁﬂéﬁﬁgﬂst@ﬁ%ﬁm o M b B Mg parcutany
| adke pesinhaiMenimn tipgest i thatod rfryneticatirdinadi@ell hemopoictic stem cells

deshy chltlénqnj()%t]u Eﬁggﬂ ﬁ)@tclﬂl% \'&l’?’ld?&é)frgsls Cfvgncu% _mallt@rl%ll \érllcg)( mL One O more

with type s require i nsu

i nj 1@%’@‘?‘6@35 thd)UCbomtnr UF’& ttrhemrgabJpOt@dntgllgumjseﬂt @N®IcS .immune tolerance

Fal Ldual s n | ead
cll](lfll[]le}l?]l{) élé)w; 1%munnt | Olr%lc tu,esrc% 1{1\f€é1‘i1{)1h§m\’1 frtgc(r 93 Fiéll(,[]Od for the

l‘r edpgittred anilfon pltohb»lpvrlewfemtmmnmﬁé dit:dree aliPlonNUQE afidpe 1 diabetes.
March 2007

DESCRIPTION OF THE PRIOR ART

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

20 of the specification.

Reference o 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.

25
sulin-dependent or type 1 diabetes is caused by a lack of insulin, due to autoimmune-
mediated destruction of pancreatic islet 3 cells. Individuals with type 1 diabetes require
regular insulin injections to control their blood glucose levels. Failure to freat individuals
i this manner can lead to death.

30

A more long term treatment strategy is required with the prevention of the autolmmune



condition being the principal goal. Pancreas
transplantation is currently the only curative therapy

for type | diabetes, but this is hanpered by the

requi renent for potentlally toxic, life-long

i mmunosuppressive drugs 5 and by the dearth of Hehifgrch 2007
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There s a neced, therefore, to develop altemative strategies and approaches which prevent

the development of autoimmune diabetes as well as other autoimmune disease conditions



Targeting antigen to resting antigen-presenting cells

(APCs), such as B cells, dendritic cells, epithelia]

cell s or macrophages anongst others, is proposed as a

means of inducing 10 imrunol ogi cal unresponsiveness

(tolerance) and/or protective immunity. As all i n@ierch 2007

cells are derived from henppoetic stemcells (HSCs)

and hernopoi etic progenitor cell-s- (1 PCs), it is

proposed, in accordance with the present invention,

that HSCs and/or HPCs encoding an autoantigen wl|
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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

25  autoimmune conditions.

Accordingly, the present invention contemplates a methad for preventing or otherwise
reducing the risk of development and/or reducing the severity of an autoimmune-mediated
condition 1n an animal or avian species. The method nvolves collecting HSCs and/or
30 HPCs cither from the animal or avian species to be treated or from a compatible donor,

genetically modifying some or all of the HSCs and/or ITPCs such that they express genclic
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and/or protective immunity. The HSCs and/or HPCs nay
be collected frombone marrow 5 or isolated from
peri pheral blood, cord bl ood or other convenient sites
such as the liver. Once genetically nodified, the
cells are generally infused into the subject suchO2 Match 2007
they enter the peripheral blood. This route of
adm ni stration includes infusibn or introduction to
the liver such as via the portal vein. 10 In one
enbodi nent, therefore, the present invention
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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 FSCs and/or HPCs fiom 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



i ntroducing into one or nore HSCs and/or HPCs genetic

mat eri al encodi ng the autoantigen under conditions

wherein the genetic material is expressed so that the

HSCs and/or HPCs produce the autoantigens. 02 March

2007 -6 A list of abbreviations used herein is 02March2007
provided in Table 1. TABLE | Abbreviations

ABBREVI ATI ON DESCRI PTI ON  APC antigen presenting cell

BM bone marrow BMI bone marrow transplantation CD

cluster differentiation antigens DC dendritic cells _
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NO - PT m ce NOD-transgeni c proinsulin nouse OVA

oval bum n PBL peripheral blood |eukocytes - -- -

------- ---- Pl proinsulin s.c- subcutaneous SD

standard deviation TG0 1 TGF 1 transform ng growth

factor 31 TID type | diabetes 02 March 2007 BRI®March 2007
DESCRI PTION OF THE FIGURES Figure | is a graphical
representation showi ng that transplantation of NOD-PI
BMinhibits diabetes devel opnent. (A) D abetes

i ncidence was significantly reduced in recipients of
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did not differ fromuntreated controls. Data are

pooled fromtwo experinments gy yhi ch BMI from NOD- Pl

or NOD mce was perforned in parallel. (B) Diabetes

i ncidence was significantl|ybbreduged in recipients of T
-cell-depleted NOD-PI BM (V) conpared to T
“cel |l -depleted NOD BM (A) (P=0.003) or untreated NCD 10
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SD - standard deviation )
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significantly reduced in recipients of T cell-depleted
NOD-PI BM (A) conpared to NOD 20 BM (V) cells (P -

0.008). Data for age-matched NOD (U) and NOD-P1 (+)

mce are included for conparison. (D) The nunber of
sublingual gland inflammatory foci (sialitis scdd®March 2007
did not differ between BMI and untreated m ce.

I ndi vi dual nouse scores are pooled fromtwo

experiments in which BMI from NOD and NOD-PlI mice was
performed in parallel (horizontal bar indicates
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ceIIs (HSC) or heinatopoietic progenitor cells (HPC

venti di abetes devel opnent. Sﬁo di abet es i nci dence
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(A) PBL were narkedly depl eted at 10-14 days but
irradi ati on and BMI in
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e%ﬁ@ﬁmﬁén‘f’%w S )mpr@hccngron in recipients of I\OD BM. (C) Insulitis was
significantly reduced in recipients of T cell-depleted NOD-PI BM {A) compared to NOD
20 BM (V) cells (P = 0.008). Data for age-matched NOD (M) and NOD-PI (#) mice are
mncluded for comparison. (D) The number of sublingual gland inflammatory foci (sialitis
score) did not differ between BMT and untreated mice. Individual MOUse scares are
pooled from two experiments in which BMT from NOD and NOD-PI mice was performed

i parallel (horizontal bar indicates mean).

Figure 3 presents graphical representations showing that transfer of NOD-Pi
hematopoietic stem cells (HSC) or hematopoietic progenitor celis (HPC) prevents diabetes
development. (A) diabetes incidence was significantly reduced in recipients of NOD-P1
HSC (¥) compared to recipients of NOD HSC (A) (£=0.019) or untreated NOD mice (m)
30 (7-0.029). NOID HSC recipients and untreated NOD mice did not differ significantly. (B)
Diabetes incidence was significantly reduced in recipients of NOD-PI HPC (W) compared



from NOD and NOD-PT mice were perfornmed in parallel.
15 Figure 5 is a graphical representation showng T
cell recall responses to oval bum n (OVA)
i nmuni zation. Mce were immuni sed subcutaneously with
OVA 100 days post-BMI and recall responses of spdaiiaech 2007
T cells neasured 14 days later. T cell proliferation

in the presence of OVA was singlar for age-natched

control NOD mice (0) and recipients of T

cell -depleted NOD (V) or NOD-PI (A) BM Open synbols
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representation of BMcultured i'n

GWEBHFTGE- £31, cells harvested at day 5 and cel

surface markers anal ysed by flow cytonmetry. 25
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harvested at day 5.
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| ef.t degn ‘?EP hows gati ng used for anal SIS
2007 X'V af Pl egrangornrd ispaghtled cel | s.
Hlstogran1overlays show G-1- gated (shaded) and CD

15 &1% ated (open) cells (C. iDC from G+T BM expressed
EERSEIRS gé‘fphLL‘i] TPPCsefaeg Shq‘TlnﬁﬁI@CJ& oecsll Faypdrats tomvalbumin (OVA)
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which NOD and NOD-P1 BMT were performed in parailel.

Kigure 6 is & graphical representation of BM cultured in GM-CSE/IL-4 or GM-CSF/TGF-
B1, cells harvested at day 5 and cell surface markers analysed by flow cytometry.
25 Numbers denote the percentage of cells falling m that quadrant (A). GM-CSE/IL-4 or
GM-CSF/TGF-p1 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 CD1lc-
galed cells from GM-CSF/IL-4 cultured BM or FITC-dextran uptake vs CD1ic expression
for bulk GM-CSF/TGF-B1 cultured BM (B).  BM was cultured in GM-CSF/TGF-pland
30 cells harvested at day 5. Cell surface markers expressed on Gr-1" and CD11¢” cells were

analysed using 4-colour flow cytometry. Upper left dot plot shows gating used for analysis



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

undi fferentiated CDI I c7CDI 11i /G -1" mnyeloid cells, in
additionto CDI | c-/CDI Ib'/G-1- iDC. Figure 9 is

a graphical representation showi ng proinsulin-encétiMatgeh 2007
G -1t cells inhibits 15 diabetes treated at four

weeks. Figure 10 is a graphlcal representati on show ng

proi nsul i n-encoding G-14 cellsinhibits diabetes

treated at four weeks (1.8 x 106 CD | | c-depleted

i-V%;z 20 Figure Il .is a photographic representation

of © i+&WeP'6% DL 128 =itk ser Biftdzate oy olayCBlow 6+~ katkC(shaded)
cl assci t-deaiBpdh Vs (& S TR d.fro ,
GM CSF/ TG [ 3](_5'1 C?JI : ur(gj lgg oflgtﬁngtjl IT\rliﬁ\] € UsrsE(Lio% et IO MILC class
dep| B YrsliBilaeD) | edlegdgs| and GFSEéV&bﬁmhédmand thajngetd tymphocyie
dh@ggkhmmmngo the spleen. Frozen sections of spleen

were stained for iunmmo fluorescence analysis-
Local i sation of CFSE- and anti body-1| abell ed cells was
peribeF®ds BY,, f eSCRNEE ' . _Panel

Chok Crot el an aar AR EREFASE M £ BERKogc oD P but o
Wi CRrPlaXaR nilag btggrﬂcgrgatleldblmﬁﬁp‘éﬁéW[dlf&))iluaﬂd el®h@e0vhen transferred
[ 2 2007 -10 DETAI LED
DE%%%&E%&%E#%%?J#&yﬁﬁ%igé?lON The present invention

provi des a safe and effectlve protocol for treatlng

ndi tion

e e SR o BB RE S aigp Ty contaned tar
coluhéctsi n adsfEnmplugtedf CHSCS/C&WIdI{)OGPHPQ&y&BIQmCaInS in afddmon to

+( | netically nodifying all or sone o
tﬁgiﬁéC%Diﬁaf%r H% so that the HSCs and/or HPCs

produce one or nore autoantigens associated with the

Qi fmune, di | segse; and .(iij) introducing the
gen%i cal’l BB i ey SHHReLO R e s imersoting @alecells inkibits

P\s@bweminﬁmummtk&S“@a&pat|bIe subj ect and which then
eventual | y become APCs expressing the
Figure 10 is a graphical representation showing proinsulin-encoding Gr-1" cells inhibits

diabetes treated at four weeks (1.8 x 10° CD1 1c-depleted Lv).

20 Figure 11 is a photographic represcntation of Gr-1+ myeloid cells differentiate to
CDTTet/MHC class 11+ DC in vivo. Gr-1' cells were purified from GM-CSF/TGF-p1-
cultured proinsulin-NOD BM by depletion of CD1lc+ cells, CFSE-labelled and mjected
drirectly into the spleen. Frozen sections of spleen were stained for immunofluorescence

anatysis.  Localisation of CFSE- and aniibody-labelled cells was performed by

ra
th

mmmunofluorescence microscopy. Panels show CESE labelled cells (lefi), cells visualised

with texas red conjugated mAb (centre) and merged nmages (right).



aut oanti gen. The above steps may be conbi ned and/ or

t he order changed. Additional steps may al so be

i ncluded. 20 Reference to a "subject"” such as a human
subject as well as an animal or avian subject. The

ternms "individual" and "subject” in relation to t@#&March 2007
animal being treated may be used interchangeably. An

"ani mal " includes a human, primte, |ivestock ani nal

(e.g. sheep, horse, cow, horse, donkey, goat, pig),

| aboratory test animal (e.g. rabbit, nouse, rat,

LapET AT Prst IR 85 TR bRafeaTiimct udes.
caged or aviary birds, poultry birds (e.g. chickens,

bant ans, geese, turkeys) and ganme birds. The nost
pr éf'ePicadt aniensin ireviderams fofhd pdditcalpraciod f@@rdaGn@and/or preventing

humaBim e (:lpgcgs%%&?di{iﬂ}é.emi on 30 extends, however, to
veterinary uses of the prot ocol to reduce autoi mune

“di sease conditions in non-human animals. 02 Mar ch
208¢. poblollNGe; . a0d/ I (HRCs are general |y obtained
froma sa e of bone marrow such as fromdrilling
into the hip bone. However, the present invention

further extends to isgalatin nd where necessary

sop%indﬂag%ggﬁﬁﬂ“ﬂﬁegﬁﬁgéﬁW%%PﬁH%@FEPa%ﬁﬁﬁﬁtincluding

cord blood 5 and blood fromthe liver. The cells are
logeglrahkxmin godﬂced into the recipient via, for

ex ﬁ‘pl UG MGIEAPE G o sonHiF fsine 19 it end el IPCs so that the HSCs

per i phenalor biroed:sdsé 8A OF ol &lioMbiBerdsNEs ROk LA it V& Ditoimmune

Fbmevenr)d!rect introduction into a recipient's %one

mar r ow,” “&ithdigh not preferred, is neverthel ess

contenpl ated by the present invention. 10 The process

of .the present invention may be "syngeneic",

" a(l”i)ogé‘ Bdpaing }110"8@§ﬂ@@%hé1061'ﬁed WStk and&spEREs tnoo tha@ame subject or a
15 SUbJ eCtCSITlMtthM @U@E’Ct az[Hanhicﬁp@lQﬁ %%’Llff[l%][p Y\hCIO(I:l%_]éﬁL ?écgip\[}césing the

and/or HPCs are isolated and the su "ects
t he cel'f&atgergyngenei ¢" process means that the
subj ect fromwhich the HSCs and/ or HPCs are derived

has the same MHC genotype as the
I'he above steps may be combined and/or the order changed. Additional steps may also be

mcluded.

. o § 24 : o . - .
Reference to a “subject” such as a human subject as well as an animal or avian subject.
I'he terms “individual™ and “subject” in relation 1o the animal being treated may be used
interchangeably.  An “animal” includes a human, primate, livestock animal (e.g sheep

2 D,

horse, cow, horse, donkey, goat, pig), laboratory test animal (e.g. rabbit, mouse, rat, guinea

3]
LA

pig), companion animal {c.g. dog, cat) or captured wild animal. An “avian species”
mcludes caged or aviary birds, poultry birds (c.g. chickens, bantams, geese, turkeys) and

game birds.

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

coniditions in non-human animals,



reci pient of the genetically nodified HSCs and/ or

HPCs. An "all ogenei c" process is 15 where the HSCs

and/or HPCs are froma MHC-i nconpati bl e subject to the
subject to which the HSCs and/or HPCs are to be

i ntroduced. A "xenogeneic" process is where the 048axh?2007
and/ or HPCs are froma dlfferepf species to that to

whi ch the HSCs and/or HPCs are "introduced.

Preferably, the nethod of the present invention is
conducted as a syngeneic process. To the extent that

ei ther an all ogenei c or xenogeneic process is

uthd B8Gs shd/osheat di2@nbenyndanst gath thabpictoMye BRmrow such as
necessary to nodif e protocol such that an

, , fy o
i niitnoldigizeHp the R s &L it CR PR GEEURO B 6 s 10 solating
M x{anghod néc@is@ﬂvg;ﬂrthﬁqwﬁmﬁqm Bt p6@bHcBal bR including cord blood
m ni m sed. Accord |ng y t he present i nvention

T

Scotitdebtprhiied e fBthod T &7ls p“l’f'ev@}ﬁﬁ“ﬁig%?dué?%é]r“?/\n’t@e‘e“@ﬁ“t via, for

LTy A AR D) ﬁlﬁ@tlcfn' (ﬁkmf?lt]oﬁi%\ﬁg|tl%p;§@:r‘?ﬁer91fbl%d Leduchnget B8 the portal
Severlty of an autoi nmmune condition in a SUbJeCt

saidn nEehodr corpnistdugiimnadgepisal § bt reaiod, sidljuele pot preferred,
HS(Se I?ﬁ%@& compgglambq nNAVe LeeNgenetical ly nodified

such t t he w produce one or nore autoantigens
aSSOCIated Mﬁth t he aut oi nnnune condition. 30 Mre

IOpaTFB! él%l &L oy the J}gsem’ %%gmon nqx/elpet b Spghg 1%\” %ﬁi%%bl)gﬁ&ﬂ dﬁﬁooenelc

for ‘génerating ‘an antigen esen cel
pr eskntspecam émqtso’amus gemmaasls«mmidtse@blw frgm arliduttof nengire HPCs are

COJ| I\/@L{e? dngq e subll%F Sr%éﬁ%b}%gee Is. '{] %ngfglﬁcrs”i lﬁ‘b%%ssneans that the

angdfipit fn@nmpmnhc}lsrj@gmlﬁﬁ?(:sced: {lsiveHREGshe ﬁmmmMaIC Uenotype as the
sub ect neroduci or
ek oh el T Rae SN kbSO rnlBEfeshn: Rieal e proces i

IUCOWHUEHmﬂEBWB&h@bﬂ}HhE;ﬂ@ﬁﬂ&ﬁh@dﬂﬁhﬁﬂhﬂhnbﬁsﬁ%ﬁﬁ&ﬁ&ﬁdsmnuﬁto

and HPCs. du e the aut ognt i
Théhﬁ%&e %ﬁ%ﬁ %&%ﬁ&[bﬂ%toﬁ)g{)g i At GERBEReIcT proc ss 1s ‘where the

EXPRES shdAg HIATtdrC thiar diid-aarbdcge NS that XxamEH @6 HETs ARCSr HPCs are
include but are not limted to dendritic cells,
B- IN/ApHE®y fEderatp thpalherl of daq prescyl Mygiog iR sejeacied gs agynecoeic

I ndi.cat eds akeven: thheisubiedh gdnle! Hdeso RndddP@Bass is utilized, it should
non- human ani mal and avi an subj ect. referably t he

205 uby eelersioad ghanii e be ThessobP eetdify dhcgproleeptangh Hrdynhawaunological
pr%s&dns&, ﬁ'ﬁlch may occur due to the mixing of foreign immuno-compelent cells, arc

minimised.

Accardingly, the present invention contemplates a method for preventing or otherwise

b
L)

mimimizing the nisk of development of or rcducing the severity of an autoimmune
condition in a subject, said method comprising introeducing inte said subject, HSCs and/or
HPCs which have been genetically modified such that they now produce one or mere

autoantigens associaled with the autoimmune condition.

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

presenting celi (APC) which presents an autoantigen associated with an autoimmune



di abetes or may be at risk of devel opi ng di abetes or

may have clinical diabetes. Al so as indicated above,

the nethod may involve the syngeneic, allogeneic or

xenogenei ¢ 15 admi nistration of HSCs and/or 11PCs to

a subj ect. However, a syngeneic protocol is 02 March 2007

preferred. Accordingly, in a preferred enbodi nent, the

present invention provides a mgthod for preventlng or

ot herwi se nininizing the risk of devel oping or

redu0|ng t he severlty of an 20 autoi nmmune dlsease in
%Qlégghlc mat 19(1 é:mtﬁlqgmnco&ecg%ngﬂa i_f, C]:mg)%eth @tgm cells (HSCs)

beelnd/gehcem;maﬂnd yropodiof ket (HB’CS)} oaucesubdjet, Gmrodﬂﬂﬁgmto one or More
autpantig ssocj.at ed t he. aut oi r.mu

con tq dgn 01 aﬁ CHCleCelrﬂraleG V\f U 0(111}% lH,su ﬁlgOBdﬁl! téhlggexl c§)ndmonq wherein the
autgomcrmnrme:mhi akepresed al ot tk(an\Ds asl/dry e s brehiuab et @sioardRens.

or insulin-dependent di abetes. However, the present

i nvention extends to the use of the subject pr ot oco

| n ThheliTseatd@NtiPOh e Hangee0finaul DCIMRMIBEL EOoNGid) &nzﬁnoantlguns
s that an autoant.i gen assocl at ed

The, onl rion
i EHOTRE 6 ARCE B BanhR cr o Ha kLot ESi s A DgRplocytes, eptheli

autamnnuﬂ@n@agggtlons contenpl ated herein include
inter alia systemc |lupus, Crohn's disease,
cardi onyopat hy, henol ytic anenia, fibronyalgia,

10O avesdic B RASE, Ihd kOB Rt YB39 n6RkA LioSnuMas %Hrlnhﬁ L8d avian subject,
multiple sclerosis, nyasthenia gravis, myosit
nebF?%ﬂ%hlﬁefﬁ§6ﬁ1&s%ém“m%hr6ﬁ1%ﬁW@t[@&éngymﬁmwwehne}nechnwd

J uvBRkdEorakd el 4 ani:he | er od
bsoriatie 03 it i oddvanyih £ IARGL Bay nAG IR e

syndronme, rheumatic fever, rheunatoid arthrltls

scanGok desd 1$ed abb\ct ‘Pvaa;‘hEH & lrnh\,r 91 gYﬁeo HZQ‘J(“%‘C pé‘f{o%cne Or XEnogeneic

(1 TP), Hashinoto' s disease, con rve e
15di sbmisistraton ef 60 ioall OC)I'B’lC‘SttDSI squnm ¢losuscranedvh@ncic protocol is
I eykpengephal itis, alopecia areata, ankylosing
spondylltls primary biliary cirrhosis, anti-GBM
nephritis, anti-TBM nephrltls 5 antl-phospholipid

zﬁ?\g&%épm Y qd egjcxgeda ‘“BF% T %“é ﬁlgﬂjrlg:% %nnggx?t#og}énsrowdes a method for

hepatdnting pr vihtivlitegainialhQl larBes hyRenhinPlof & 8ing the severity of an
ocarditis, tenporal artetitis,

mune
20 G e bt e o Rosh GriiRire i into said subjec

neytnopat-hiiess ~Reheabis uﬂ*!cﬁQQS@ bu@luééngﬂr{ﬁllp SR QO quoduce one or

aIIer%]c ast hna,
moereautoantigens assoctated with the autoimununc condition,

The preferred autotmmune disease is autoimmune diabetes, also known as type 1 diabetes
25 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 criterion
1s that an autoantigen associated with the disease condition he known. Examples of
auteimmune conditions contemplated hercin include inter alia systemic lupus, Crohn’s
disease, cardtomyopathy, hemolytic anemia, fibromyalgia, Graves’ disease, ulcerative
30 colitis, vasculitis, multiple sclerosis, myasthenia gravis, myositis, neutropenia, psoriasis,

chronic fatigue syndrome, juvenile arthritis, juvenile diabetes, scleroderma, psoriatic



5

osteoarthritis, Chagas' disease, uveitis, chronic

i nfl ammat ory denyelinating 10 pol yneuropathy (ClDP),

cicatricial penphigoid/benign nmucosal penphigoid,

Cogan's syndrome, congenital heart bl ock, Coxsackie

nmyocarditis, denyelinating neuropathies, 02 March 2007

dermat onyositis, discoid | upus, phacoantigenic

uveitis, polyarteritis nodosa;iPressler's syndrone,

essential m xed cryogl obul i nem a, Evan's syndrone,

Goodpasture's syndronme, allergic rhinitis,

Quidiliraisn-Bagrees sywdrconme, rhaypaganagl abeldntan@m asthritis, scarcoidosis,

1:12:‘:( Sg*gﬁn%%%a\gggﬂ%%}/ opsulé]tPlg; ng?Tzhcs:gling)Po %\/%élg‘#%? émg.cd connccetive tissuc

di sease, indranber tyskal, opesyndr ORRmi MO MR BEScpHalifY,, alopecia arcata,

non-typi cal celiac disease, ocular cicatricja

pef‘fﬂ‘ﬁ%@@ﬁ apon&émpgﬁlgl}vqﬂ ﬁélﬁ 1@0516,6,}11 1wd§phnns anti-TBM nephritis,

eanﬁpfﬂﬁJq;ﬂﬂﬁl’xﬁﬂdl tdysdropest p&?{ﬁlyﬂéﬁd'rﬁ&ﬁmlca S)’}ﬂ)@}ﬁﬁ’)‘@)tls autoimmune

sclerltls spern1and testicul ar autoi pmunity, Stiff
ddiseqynotiesites: SHBHE uPEIVebREEHT al B0 caFubpIige  hyperlipidemia,

(Sgﬁé)mnﬁbﬁmb&%w;& qplh%ch@ll fﬁ‘t@)tm! LADSY RARE 1 Wcﬁ(lj 'J]46§seaQ&Ional and

necrotizing 20 nyel opathy, type 1 autoi nmune

pop(ng(plahd&q:ua(?pdgy%dr gﬁ@;ctfyg@eqﬁ avtlelsmoemarhigoid, allergic  asthma,

pObMQJaﬁﬂ‘iiﬁ%' arChﬁﬁ%\ rO(“?@asooeerCﬁfsou%lu%ﬂﬁemrﬁlaﬁlﬂg]tory demvelinating
endonetri osi s ccord to a preferred enbodi nent,

10t heolprasgeat:y i (GVERL | @ﬁat@@ﬁt emlaxce@bﬁaum‘etnn@d‘%abfpemphlgo1d Cogan’s

20

pr e\\ﬁﬁ%'iﬂen%n 6\?&1”&16& tnlgogkh%‘ E_jl.d% 1c 1]:1%&@%}21 091%9%]11&1‘1119 ncuropathn,s

he severit aut oi mune
sub@ﬁ@mﬁwsahﬁ m@phbdmeﬂnwpusmmgnadmwﬂmsmehﬁm@ﬁmoxﬁandEh%s

I S%‘a{oﬁg?{;sg&ttiaﬁn]j‘&d SPF gl \éuh mia, r?Ivan sfSHSmpﬁcinc r@oogglsmm 5 syndroine,

rom sal nmen SU ] ect
suhijlcem lahdiwmﬁ?aim uhl-SE@SreaEI}O‘J/dOdeiPﬁS)olgjamedgjeiﬁﬂnnem]a inclusion body
s9enet | i ed . such th / ess
a 111\%%’11[113 xec¥n1c%1§)g161§:0uét %L atos1 Q{" P?FW ﬁ]édll {08*618?1%8 M%Lbare g disease,

ThEdrpiﬁeetf-Eﬂdired}ﬂﬁMImﬁrMD@erﬁs IU$CE:Q hQJInFlS"[Mb;lI NceDdic 8iRease, ocular cicatricial
I mun dc ho or antigen derivative, t, L

fr g Orpkﬁ g,uan ﬁ:gllseo(fe l‘rFf%é“”br‘iﬂCﬁ@ﬁl“FH’ei tgs, post-pericardiotomy
genatainlcy s@frithU B ahd gbdic@ht m&ghuﬁay,l\@ﬁﬂﬁ fﬂnd%(’)so%ndrorrﬂeﬂf subacute
humani zed proi.nsulin nolecules from for exanple

pi B@ter@h@gacauﬁa? Q%%L) @@é‘taglenﬁpglghaémmr Hpgsvergy @1}5]1%90&1(1 necrotizing

coptanpluat edpe AGCQLBINGLEO RIVRSHuRF ei\%[uroﬁ'g: type 11 autoimumune
enbodi ment, the present invention provi des a nethod of

5 PriedarelhgnirT RPEICngS Bemia 8K codorgdveisopnent  of or
the severity of autoirnmune diabetes

According to a prefered embodiment, the present invention contemplates 2 method of
preventing, minimizing the risk of development of or the severity of autoimmune diabetes
in a human subject, said method comprising administering io said human subject an
effective amount of HSCs and/or HHPCs 1solated from said human subject or from a
syngeneic subject and which HSCs and/or HPCs have been genetically modified such that

they cxpress an avtoantigen associated with autoimmune diabetes.

The preferred autoantigen is promsulin or an immunogenic hemolog or antigen derivative,

part, fragment or portion thereof. The proinsulin is generally of human origin although



‘J'\

in a human subject, said nethod conpri sing

adm nistering to said human subject an effective

amount of HSCs and/or HPCs isolated fromsaid human

subject or froma syngeneic subject and whi ch HSCs

and/ or HPCs have been genetically nodified such tdaMarch 2007

they produce proinsulin. 10 It is proposed herein that

syngenei ¢ transpl antati on of gene-nodified HSC and/ or

HPCs is a novel approach to antigen-specific

I mmunot her apy whi ch advances the principle of

r qglmdﬁtz!:d’]lgmg]ls‘&lm IHM@HF(% f%'n’? Q@S&alfn[)@nfn\% tshéeg fi(n?es goats, mlice or rats

hemat opoieti ¢ compartment. 15 Preferably, the autolfn

rum%déqg@éﬁéﬂﬁ%idlabetes and the autoantigen is

proinsulin since proinsulin contains T cell epitopes

inplicated in human (Rudy et al., M. Med. 1. 625-

638:coriogsy amdstreisecd Chenmliatniathe J)l‘(t%ﬁlftnjnmntion@?ovideq a method of

42@& eﬁ’t?rﬁsmn%gl%;g tm,{ RE grf @v@ﬁgﬁigﬁt of op lhcvgg{ Lt Sfagu ¢ diabetes
he pfesent ihvention I nvent ors observe

NOD aringean tutays gerl oalhby mmppslessﬂrrgmpmmmmjlsmm human subject an

t alrdE $v%ddr%10%nﬁpﬁ X aah%/oM_gPi; s 150?313(1 B org?l} %uman Sulvbect or from a

(Freenc contai ne one narro

whivatenaoabidedoenduseidh HECadoptt MBLY havertans f@tetiphigtmetifi@hsuch that

t he devel opnent of autoi nmune di abetes

qelxnslfgducc rogulin
fo poHE narrOM/transpIantatlon to a wld-type

10 NOD nouse. Protection from di abetes was profound in

20

reci pi ents of .bone marrow fr m ce.. B ..

C I Rr R TAE T DR B T S8 e HPeSCi i BEG R HPCs i
calnmh/el apirbachub eghtiben-tre iARGnpmegenyy afhiangraft&dihe principle of
HSCs/ HPCs 25 r at her tgan ot her potentially
| AROTORE GUP LBy REPIESTHT BH S @P‘r*&&“ﬁ%“%%ﬁéﬂw’mﬂm
cell-depleted bone marrow. Mst inportantly, transfer

smal | nunbers of genetically-nodified HSCs totally

prlé\fe'ﬁ?% Hic giEtiggung %gewti ransbrianeat Ysnagpangeen 1s proinsulin smee

ﬁ%mDmﬁgsﬁlmbmmg hat.| diahet %%pﬁcrﬁeﬂ&ﬁ@ﬁ]ﬁﬁg (RBW, W Zdﬁl@{pﬁpd I 625-
due to gener ati on of di abet ogenl C

I'ls
dé3 oV raat st QARN et ¢ rigreter [of 4diG %1%@%)&?1 diabctes In
celdss. 1&&%&%{» hg! @l\%spre%@%teggﬁnl e mgcqﬁ&g' LﬁJs%‘??ieé{?aérNO[) mice

either do not 30 develop or fail to acquire 7
f tmetgeonalivn dfpicsensdprttsuled reetak pr é86s proam i Cnclasy [T promoter

Aplcfcn(,(?)zitl\@r 99972997)(1? c&ﬁnﬂ[ﬁg’o 1crrﬁ§ﬂaﬂ\1 F&§%§10¥dugc?bg %f toozfdoptively

e for
thlenifpegrtone@;non against the deveiopmem of autoimmune dizbetes following bone

marrow (ransplantation to a wild-type NOD mouse. Protection from. diabetes was
profound in recipients of bone marrow from NOD-PI mice. By transferring highly purified
H5C or HPCs, protection can be atiributed to the APC progeny of engrafted HSCs/AIPCs
rather than other potentially immunoregulatory cells transferred in whole or T cell-depleted
bone marrow. Most importantly, transfer of small numbers of genctically-modified HSCs
totally prevents diabetes. HSC transplantation also demonstrates that diabetes transferred
by wild-type NOD HSC 1s due to gencralion of diabetogenic T cells de novo rather than to
transfer of diabelegenic T cells. Nevertheless, diabetogenic T cells clearly cither do not

develop or fail to acquire effector function in mice destined to express proinsulin in APC.



tool for autoi mune di sease prevention. The context in
whi ch antigen presentation occurs controls the bal ance

of T cell imunity 5 (Garza et al., |. Exp. Wd. 191

2021- 2027, 2000; Frazer et al.. .1 Imanool 167:6180-

6187, 2001). Antigen presented by resting APC i ndildgrch 2007
inactivation of T cells (Niim et al., 1998, supra;

Fi nkel man et al., 1996; supra;!Hawi ger et all, 2001,

supra) and inhibits antigen-specific Ab production
(Finkel man et al., 1996, supra). By transgenically

ta"ﬂ@e:t rmgtbamtﬂ«igemzceim‘@sisd;ioln fodesmdrirt yengehddslIEOCs a therapeutic
dZIP(gt[oro'mponlgnnunt d: SLdSPgrbyblﬁl]pkinr 8|e|e| Isn( é?OEE)e/:n gt all

J. Exp. Aded 185 541 550, 1997). Inportantly,

suHEress nses in the ery

res as,. . -
()Iété,}hi m x%lch zi]g] 4 s gf%lolrl] OCLU&%COﬁ]]trg éﬁ l:ncgtﬁlcbf:)ftll cell mmmunity
5 DQ(ha:n geted/ am)l gen (i nkel-pary. e00alFrazed 88, JSUpt@ioo! 167:6180-

et Shiuteuironie PP S0 B Ll RGP oo o

t azbevdshekeyrhelaki oant. ilgen-sspecihik Q;cf ATRINOLKEARY) hd¥ inhibits
iver cells. Wile the

subj.ects wi.th ut or eac

i ERToPECTs et @@6%} a{ﬂn@@ﬂean@.@f. ohi%ig it h By transgenically

i rm@@khaxt dn@Bert Oxph@avienr doXaxXdhdtdms (Boghafd FRAthAEn GONOF a key role in
thls mould not be ac;ﬁgtable in asynptomatic

10 hdH-’ETW§ dRctiAn oprBusrisrdal Tairlaithinghe dichbétlew: AMed 185 541-550,

However jm éplg\flélﬁ'\& 1@5@@15 ol &f c@%'r&tpgmscg he t@p?&%;} L& also been
20 adaptable to protocols which require no toxic

pri&syoae e sncerapsplodnt BG orected ondioni Bk fﬁglanByaf 1996, supra;
US{'{;R;&QEJ'@%/ defrd}Vﬁg;, Iz)r off, ¢ HARSAEN 1&1659\1\%&%& WP 1eclgls1ii1 0 of immune

genetical I'y- engi neer HSCs ex vivo een
nﬂp]@]fancpmwdﬂ@l},f OrbeHBCkehér apyantipen- :by;lpaslgeldnotﬁqppy hlusrmmauts with

15 aPRlLCatiop, . vectors capable of effectively
transdu0|ng HSCs for |ong-tenp gene expression after

engraftnment are required. Gbne expreSS|on can be

ef( 1] veI far %ed t %: p (ﬁPC in
W F i) m\en oI5 U nive ogbl 1\ co 1wiliomin \’\. zth t our @xiImum
PV PACTVEET OF P ans dUeEioR™8 féﬁl ef !

aldnmanbmad @8or B390s,40i8 uchQDﬂa)t.beTJaefpeﬂ)&f 1& %ﬁnﬁtbﬁlaﬁcegt)’mans with

é)rr‘f QH%‘F ZISuTBingrg%eo%ﬁl{t']Egﬁ (Pr\SevFg?alrs\é\%l bamer exists, the approach 1s
20 C)éti@kilﬂkﬁ fonghuaelsmotiit zagiion.no genet heabky e | @chsplantation

and reinfused is the preferred aP proach to the therapy

fCOIé({)'tl(B‘I ‘i‘nmr?é’ Uﬂlﬁ%élégé deg@ed from transgenic mice, the need to génetically-

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 engrafiment are required. Gene expression can be effectively targeted to

25  MHC class II' APC in vivo by lentiviral-vector fransduction of buman HSC (Cw et al,
Blood 99: 399-408, 2002). Therefore, a stratepy whereby HSCs and/or HPCs are
harvested from peripheral blood, optionally following cytolane-induced mobilization,
genetically modified and reinfused is the preferred approach to the therapy of autoimmune
discase.

30

Accordingly, another aspect of the present invention contemplates a method for freatine or



Accordi ngly, another aspect of the present invention
contenplates a nethod for treating or 02 March 2007 -

16 reducing the risk of devel opnent of or reducing the
severity of diabetes in a human, said nethod

conprising: (i) isolating HSCs and/ or HPCs from 02 March 2007
peri pheral bl ood or bone marrow, optionally 5

including the steps of cytokinesnedi ated nobilization

of the HSCs and/or HPCs; (ii) genetically nodifying

the HSCs and/or HPCs so that the cells now produce

preunskd ihd rRk oABcJBFUREOENI G| 1B scvaitl @eMib6ics in a human, said
derivative, . part, fragnment or portion thereof and
conEALE T8 s0 as APCs: and 10 (iii) infusing or

I ntroduci ng the genetlcally nodified cells into a

human subject. Reference to genetically nodifying

HIOs arelEreHPESs PREPUHBSS ifpT Beitheriny bgd| i konagpagrow, optionally
shol ecul;gsu&needisn s&ﬂ%&ﬁ%&hh&h@&jﬁ&ﬂﬁ&u@H%@@E&kﬁ%Gﬁ@brHPCs
into the genome of thé cells. 15 CGenerally, th
nuclelc acid nolecule is DNA. The DNA nay encode a
futt Lh %Qgétnﬂllya%mnlggﬁl@ Hgyé talq(p/l)re Pﬁ)lé:ls 50 ‘ﬁﬂgttﬁ‘e %yﬁs now produce
antigens or one or nore fragnents of one or
autoannnqeﬂémwm1@hunmﬁmywmnﬂmgehhsdemym@pésanEtpdﬁ fragment or
anot her, AeReflre Al DG ALEIENHLOKBRLI O, provi des a
vect or use F i ntroduci ng genetic 20 nateri al
l10encodi ng an autoantlgen such as proinsulin, said
\;;3%5;)2:1 tlgl%nBU oF 111 19du01 EL{F(‘: gc,%tc 1?(1?1V mo%q'lile ﬁlzsrle%faq g éﬁl;}eect
selectable narker A selectable narker in the vector

N RO A iy G PR

ThhSJetLSeseSﬂﬁﬂin@l hipingsief wk whenuempligysngito el atdow@l ¥ the cells.
ef f|C|enc t.ransf or tlon iﬁchnlques such as

_Io,
1 e @e¥Fdporiit Plcic 2apcrpli Ll Hp dBhat e B BV ittt FsAdaAdil! Tength

| |ﬁﬂ51@ﬂﬁ:nf Hﬁﬂ]lﬁﬂk wWheteBeih YapiogakdeYs HewRr o Raft Fadntnd000ne or more
cells will have stably incorporated the exogenous

DNW“”%E%ﬁ@“WFﬁHaefFmﬁ¥eﬁ€9”%%thods such as vira
vectors and mcroinjection into nuclei, typically from

5-25% of the cells will have ‘
Yet another aspect of the present invention provides a vector useful for introducing genetic

20 malerial encoding an autoantigen such as proinsulin, said vector comprising a nucleotide
sequence cncoding 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

]
h

mcorporated the autoantigen-encoding DNA.  This is especially useful when employing
rclatively low efficiency transformation techniques such as electroporation, calcium
phaosphate precipitation and liposome fusion where typicaliy fewer than 1 1n 1000 cells will
have stably mcorporated the exogenous DNA. Using high efficiency methods, such as
viral vectors and microinjection nto nuclet, typically from 5-25% of the cells will have

30 incorporated the DNA; and it 1s, therefore, feasible to screen the targeted cells directly



30 incorporated the DNA, and it is, therefore,

feasible to screen the targeted cells directly 02

March 2007 -17 without the necessity of first

selecting for stable integration of a selectable

mar ker. Either isogcnic or non-isogonic DNA may &&March 2007
enpl oyed. Exanpl es of sel ectable markers include genes
conferring resistance to conpadnds such as 5

antibiotics, genes conferring the ability to grow on

sel ected substrates, genes encoding proteins that
praducendateci@bl ars kgaahs (sychlcasichundineScehceablcAnarker. Fither
wi de variety of such markers are known and avail abl e,
|ﬁ%%&aFﬁ@ﬂmﬁéfmé%éﬂﬁﬁém‘gﬁFWBPbF%c resi stance genes

such as the neomycin resistance gene (leo) and the

hy gronﬁfln resi stance gene (h)-g).. Selectable narker

AlFSemp EP e Gitesa b TEHIF r&@“eﬁ R (BBPET G B GG O such s
C%Tn&ﬁbﬂaa"@é’lﬂ@ chPeSHRSHE abies, suEbwas: td@ddKs@aRRes, genes encoding
(thym di né ki nase) or the hprt gene (hypoxanthine
phogphoriborsyiles dnefdiasefalwicB s dYRREF e ADYIEF firify of such
grn?yv}\ A 1()%%1&1%:111@1;1% RRXANE h'[ﬂecxaﬁ‘ltpnzl RORL @I iBsiddide genes such
thymdine); and the bacterial gpt gene
( guatsk n@?/bwanmhmelaniﬁh G8phorrbhasy| e dngfergseyesitiven eone (e
alée?vl@ab% 19 Mxﬁ%&@c@ﬁ%%@hﬁ@%ﬂhﬁ acl Q)w on certain media
adeni ne an xan i ne her sel ectabl e narkers for
10 usebitntcranial dsafie @l pacatiehptias nhitkse B dhg riyrngene (hypoxanthine
Vg)aﬁgt%f(lpos%ﬁrwﬁclt 2l ﬁh r :&%ﬂ% o‘[ﬁ(lg ﬁa@@%&rt&l_gg%?v'a{bgr )}IAT medium
MaAualxntEak, ChnSptbptdfrgl hhlrtbuuidjncNeNui Yior kactedSAzpt £OQ0(gumhpe xanthine
Sel egélgnl&%\ﬂaslse rﬁsuqavxn%efﬂﬁnvs e%‘%é‘“%h Sh g&gxq}jgxﬁc:a\q}g%%¥1¥go fienotic acid,
Vemymdd: fufder-aemiinedr Qarr smcthmmmes cfmgxacn irsmubeiing cclls ﬂnd plasmids

_targeted e. 2 karyotic d
ut é{‘t‘lﬁé]tlw ﬁ%eﬁ%éﬂf gﬁﬁ?g‘g? |n§ l\ersHa\I(\e,e ES(.I’%DLIL]gl %ambroq\ et %/ Molecular

t acpeplage bher@r hghndl Cfd epieiarb i iNew angc LS, il erial
machi nery known to function in the recipient cells. A
| arge number of transcriptional initiation regions are

availd abl-gpf-ahafdChay BYFROSAS I W6l pdiidgs: f&@[xrﬁé@@iﬁ’ﬁ)hﬁd the marker
nmet al | ot hi onein pronoters, thym di ne ki nase

J3eae tian bp fegnet diogt a rwﬂﬁ&gflﬂbm&fﬂiw Pt %fﬁ%“P“% o tardeted (e.2

20 prlgmpf;r%& R0 n@ﬁ@%s&ﬁn@.}f&&m91%1191\(:111%%61[’4‘5 ORBI/E¥:$ it i preferable to
'y used exanple is thé pSV2-neo plasmd whi ch has

t I’Fel‘lb%ﬂ@rqf@mah@mm‘krn“b%é%‘}})ﬁ@??@ﬁ%ﬂ@?lﬁ@‘é\’d‘é’ﬁén dpdipction in the
COII’(] At %!11 fgsﬁls.t !Re]a§¥4|gm%91r$fytraggc%%5r§i§ initiation regions are available for such

for example, metallothionein premoters, thymidine kinase promoters,

h

purposes meluding,
B-actin - promoters, imumunoglobulin  promoters, SV40  promoters and  humnan
23 cytomegalovirus promoters. A widely used example is the pSV2-neo plasmid which has
the bacterial neomycin phosphotransferase gene under control of the V40 early promoter
and confers in mammalian cells resistance 1o G418 {an antibiotic related to neomycin). A
number of other vagations 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

30 synthclic translation initiation sequences. Both constitutive and inducible promoters may

be used.



and confers in mammalian cells resistance to 418 (an
antibiotic related to neonycin). A nunber of other
vari ations may be enployed to enhance expression of
the selectable markers in animal cells, such as the
addition of a poly(A) sequence and the addition d¥ March2007
synthetic translation initiation sequences. Both
constitutive and inducible promters may be used. 02
March 2007 -18 The DNA is preferably nodified by
honol ogous reconbi nati on. The target DNA can be in
any organelle of the HSC or HPC including the nucl eus
and m tochondria and can be an intact gene, an exon
or TEhPNen's peeleralfi madaisy @éw@h&é%w%eﬁ?mﬁé@u orlehEEfidans can be
genemv o dl'QﬂQJIQrQ:OH@C QNﬁPL %nc{%‘u%ht% 6QUERCH: Bht%t:hdngn ALyd can be an
| east 7 Y% identical with a reference DNA sequence. An
i ndiachtdnertchan ot iWeoms & GHRIHEES Sarends OBhogeus bty cthgines.
sthey will hybridize wth each other under stringent
condi tions (Sanmbrook et al., 1990, supra). 10 The
pr@swnbgmnuﬁﬁﬁu@mDaFS@mpwmvHdésaakkﬂﬁoﬂndﬂmkahﬁﬂeaKﬁﬁameDNA
CO%QA’ tcgrer}\tnailn 1c%¥0m thgthtgvolgeéuengegmg Ihgllngl% §+ tt ‘[hel)i il hybridize
conpar t ment to recelve a source i/ or
HP@ShﬁMbmﬁarU$MbﬂenfyuaMQewon@ambnpantm®n99®dapbbd to
contain genetic material encoding an autoantigen;
optionally a third or nore conpartnents adapted to
10conbgrsehicageinbts alwheroeidas a kihe riltiple enppirsesital form, the kit

corIBEE TG RS e REL P HARBREET & Ereth Ll PRL ey om

andhaet; beropoedrhgirpleagen)toto ©elalsypHRGE)ehid @Rodang an
sub ect., introduci %rlnto one or nore ksgs and/. or HPCs
(fﬁllegf:‘r?a{)]é[f.qné v ‘éﬂ Sd)il Hng»rct (‘ﬁglpd%[a?lgéﬁqalpﬁ‘ A° CAVGRR reagents w herein

come it ORI Wh Bk hdlichhLr g&rt@hﬂpﬁmﬁahﬁhhlahod Son¥RIRSEBEing a
so that the HSCs and/or produce the
15 aut BBt 3 gemeroso s 4llt @1%{%&11% pERPpoctipRrggpEkoe fells (HPCs) from

I Ny M de O thifolli siRehiPER\r R se AsENAMMRERULIeR)icKlderial encoding the
conprising reagents and/or conpartments adapted for

USE! P iEg0Inder ORTiBPIHETSe e EercliHPREcr o erppred phisridhe HSCs

bl apd,, efpR RﬁluE@tﬁlE o f3gisr genetic manipul ation to
express encodi ng pr0|nsuI|n or an antigenic part

thereof or another autoantigen associated wth
2paug0l mrdeaspcct, 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 autolmnume
diabetes and/or means to reintroduce the genetically modified cells to a subject, cither to

the peripheral blood system or to bone marrow.

‘The present invention 1s further described by the following non-limiting Examples.



di abetes and/or neans to reintroduce the genetically
nodified cells to a subject, either to 25 the

peri pheral blood systemor to bone marrow. The present
invention is further described by the foll ow ng
non-limting Exanples. 02 March 2007 - 19 EXAWMPLEZ2 March 2007
Ceneral nethods Alice 5 NOD (non-obese diabetic) and

NOD. scid nice were bred under- speci fic-pathogen rice
conditions. NOD mice transgenic for nouse proinsulin

[l (NOD-PlI) under control of the MAC class Il (I-Ea)
pronmoter (French ct al., BXAMEEIA6: 34-39, 1997)

were used after breedi ng to honpbzygosity. As the

i nci dence of spontaneous #§¥apet’ag/ P& highest in wild

10 type NOD females, only femal es were used as

reci pients and bone marrow (BM donors. Anti bodies

ant{i®l ow cytonmetry Flow cytonetric anal ysis was

sperformed as described (Steptoe et al., J. |innmunol.

168: 15 5032-5041, 2002). The fol |l ow ng mAbs wer e

pUNPh ednfobem di HsEtiearduN Phrseldsmpse rvat ardsuming spachirpathogen free

gzgzlglﬁ élpnc;cgoﬁ?tbgiﬁ&leg%ﬁggggtﬁg&{g%&,e ’?‘%tu Spfgxqzlﬁ(%(g%—;l)’?)c&é%%%l%)mrol of the

( 5a6ICocladM 11 VIQI,M) }@Eiinﬂzttr (INdk8)es aMHT abbras $6:134- 3(9109?7)163m used atter

Icldéf_@éﬂ(ﬂ}fd@c}}fg) %ﬁéb %I—S&’Z%e %]ilg% ce oiﬁédr&%guss(lz g@FlsSln;fgs‘t in wild-

10 St ippia @inblef, SA)y- Einbios Qeﬂam@mse@m;ugaztrﬂsbo@Sﬁ«ai-‘rbx?t?(Bl\@Aonors.
20 phycoerythrin, SA- allophycocyanin, SA-texas red),
mb to C4 (CT-CD4), CDSa (CT- CDSa) and FITC, PE and
Tr i GOl Qles ShA BPL @Mefldy conj ugates were from Cal tag
(Burlingane, CA). 'Monoclonal antibodies directed to
anti-CD3 (145-2Cl1), SCA-1 (E13-161.7), CD40 (3/23),
M“ﬁo?a ({ M3/ 840 um@@lﬁwﬁsﬁsﬁ%géd 2 CBOZrbed( (MRt ) ot COBMvumnunol. 168

Z}l S7), CDL la (2D7), CD49d (RI-2) were

15 pu}(baﬁégé 7f)9£)m’l"|bﬁ 11!91‘*#1‘@5@?1*“?8&?1@ Dit fr(@}lssup Rullupessupernatants and

?%Mﬁ L Q8B in %5‘1‘1')hg%H%@mF&BEm@WdﬁesQl@%clé&]@mst ek Uy-6G: RB6-8C3),

CK-2) was used
F4/80 (F4/80), CD11b (5C6 or M1/70), CDIlc (N418), MHC class 11 (10.2.16 |I-

AREIILEY NAC class T (M1/42), M-CSF R (AFS-08). CD40 (FGK-45), B220 (RA3-6B2)
and CD86 (Gl-1) Streptavidin {SA)-fluorochrome conjugates  (SA-FITC, SA-

J
=

phycoerythrin, SA- allophycocyanin, SA-texas red), mAb to CD4 (CT-CD4), CD8a (CT-
CD3ga) and FITC, PE and Tricolor streptavidin conjugates were from Caltag (Burlingame,
CA}). Monoclonal antibedies directed to anu-CI33 (145-2C11), SCA-1 (E13-161.7), CD40
(3723), MAC-3 (M3/84), CDI13 (R3-242), CDG2-L (MEL-14), CbB31 (MEC13.3), CD43
(S7), CD11a (2D7), CD4vd (R1-2) were purchased from PharMingen (San Diego, CA). In
addition, anti-mouse FIRE, anti-CD3 (KT3), c-kit (ACK-2) was used.

()
Lh

For analysts of PBL mice werg bled by retro-orbital venous sinus puncturc with a fine
glass capillary fube. Blood was coliccted m Alsever’s anticoagulant, ervthrocyles lysed
and leukocytes stained and analyzed by flow cytometry. Leukocyte number determined
30 with a hemocytometer was calibrated accerding to blood volume obtained. To control for

inter-expenimental variation, three age-matched fermale NOD were included m each



For analysis of PBL mce were bled by retro-orbital

venous sinus puncture with a fine glass capillary

tube. Bl ood was collected in Al sever's anticoagul ant,
erythrocytes |ysed and |eukocytes stained and

anal yzed by fl ow cytonetry. Leukocyte nunber 02 March 2007
determ ned 30 with a henocytoneter was cali brated

according to bl ood vol une obtaimned. To control for
inter-experinmental variation, three age-matched fenale

NOD were included in each 02 March 2007 -20 anal ysi s.
Spheens WEL&isRFESsetcl Nrough sl Rl-eSs st LelccMESE @RE in RPMI
cells suspended in RPM containing 10%v/v FCS. Bill
preparat dhe and CPransfer 5 Mce (8-12 weeks ol d) were

eut hanased and fenurs and ti biae collected into cold

nmouse- tonicity phosphate buffered saline (PBS). BM

walSM b aghe @ nwird i airgfer col d PBS containing 2.5%v/v FCS
5(F2.5) (Trace Scientific, Melbourne Australia) and
erythrocytes renoved by NHCUTRIS buffer lysis. 13M
m@glcm& hedveilrs BP). Serandiheoisteetddmby wdnbi Pagetdlono cold mouse-

t[)l’nbla) @d)% %d{t%ﬂg%{mﬁ %%F'% (%W?ﬁ%}lﬁ%*? E'I%Bg@ qﬁﬁ} 8 C(’)-_Ig P@S containing

nﬁhﬂ%esfHfﬁ@&;ﬂ(ﬁﬁne&ﬁshéﬁ MhmﬁﬁnsAUAnﬂmb@dyﬁﬁhheﬁeﬁmm0¥ﬁ“w
be a%l‘é% l?gf d@g‘ggstu;e % V\\%'E‘Esgvaas gd 1HrF§t Céof]ng%iurbt%{]@%i%glaﬁon. For T

Tton
10 Vicet! ateb BjioAUSKr abd aésuspléodcdsmrfbﬂ iHSibamJ WRC, anfi{{ihBagerdb (K13, 5

mar ker-positive cells were depleted , by i 0 etic, .

DS VTR iR ot PG i ar e Ahehg R E R ord depletad
MAH KB rat 115(3\ ﬂﬂ;{n?Q)der%swﬁlﬁadq BBGra8&Hhls, Dk 13i9)ecldt Carlton South,
predetern1ned opti mal concentrations Remai ni n

wer 8tofigyasiralye) prhscgﬁfl S g Itﬂ)(ery‘GB%r%h‘Flu1}?Slt1l’°—‘6%e‘]l05|§|tf°ll'g depleted

I 901 @t @R malhdieager:s depkebrd calils:onREQe@lif®ige-specific mAb (KT3,
co-stained with anti-SCA-1-biotin, washed and st ai ned

15 w‘tiw'stiiuéb@%%u REA-565 cOFBrLIYLI W PredRipminsiCAuyinal pgeyentrations.
orRCIIIll ﬂuﬂ% (I::clﬂésui erd Ridn &l s (e Bt %E’lf o@ﬁhﬁﬂ TRY Pf&tCegsbllagon lineage-

sorting 1, Becton Dickinson, San Di ego,
| rdealdicdt @ds e afsecei-vddeda w20 4Ir§ltfafw\dfb1@50 wi@ed and stained with

lﬂ‘é@%ﬁ%”ﬁ%%? LE"%Q%PIS@A F‘S '%%e ilc- gﬁ%gac@ﬁé w8 collected
qual doses 2- ours ap 1
CEH‘y1 sigiepicetired FBMS Ly Begsis Detated S@t{ li)eq'gw €8). Imedeled mice received a
20 rotal of 950 ¢Gy (Theratron %Co, 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 1.p. in 250 pl or i.v. in 100 ul for HSC (10%) and HPC (2.5
x10%), 1-3 hours after irradiation in the case of irradiated mice. Irradiated mice were

maintained on ncomycin-supplemented drinking water for 3 wecks post-BMT. Any mice

12
[

showing signs of physical distress in the immediate post-BMT period were euthanased and

excluded from analysis.

T cell recall response

30 Mice were immunized s.c. in the flank with 100 pg ovalbumin (OVA) (Grade V, Sigma St
Lows, MO) in Complete Freund’s Adjuvant (Difco, Detroit, MI}.  Spleens collected 14



suspended in PBS and injected i.p. in 250 tl or i.v.

in 100 | for HSC (103) and HPC (2.5 x10 ), 1-3 hours

after irradiation in the case of irradiated m ce.

Irradiated mce were maintained on

neomyci n- suppl enent ed drinking water for 3 weeks 02 March 2007

post - BMI. Any m ce 25 showi ng signs of physica

di stress in the i medi ate post-BMI period were

eut hanased and excluded fromadhalysis. T cell recal

response 30 Mce were immuni zed s.c. in the flank wth

100 ag oval bumn (OVA) (Grade V. Sigma St Louis, M)

[ nd@(smplcetf@ni:reet&md%tsi Adjcuvantpré¢Did dopudDestpioicss stMI)mesh and cells
Fr o euERahhT Sl e JEPEORr Sl N SRl Moy ros amee

St 6ekntifes hLicﬂlﬁth1&ehhSra11$)USﬁeM$ddmm ]RF:’Matdfrel@l uvih 1@@}&8@{131 Amino

Sgi(d:ug%(s[{ fiﬁg ), i\ggn&ﬁ%lu&n% I a) 1B§rc7iﬁ-[%cg]am%}rﬁgwxna) Splenceyies
Py rdragigted 104iMcRON2 SSBItdeRd/walli 300 11aes dsll (Tat-BEEm pRies) in the
X 10-3 M glutam ne, 5x105 M 2-ner capt oet hanol ésggna).
Sphlestseyt @ss5Ref ©Vp1 GURBAEITt FFY TaatarvesedondaygBonto glass filter
cel |8/ well by Eé%a&otﬁ l25if8) 14 Molleos cuture.
abggﬁie %thﬁgggn%egg%wgv "(160 ug % &gg ‘3F I's were et
halhwesioewdornddaymdtyaraﬂ@utglgas:ﬁ lfrphitceanon netssmeasured in a scintillation
1 8C%L 61¥c,rr é?ce_ﬁwurg | Hj;gaerd\,\e‘onln e%sf 153\321101 ﬂgc‘isgg.gt% %‘e\??ltts;éxg%lsscd as mean
10r efliectiwgnes! (Bhprahifedativaom was neasured in a
scintillation counter (Topcount, Packard, G oningen,

The Net herl ands) and results expressed as nmean 10
stmﬂy”@Lthnum®@%s(Sl) -f standard devi ation.

Monitoring for di abetes Mce were urine tested for

glucose weekly with Diastix test strips (Bayer,

Py iRk ewcNSWhe 181AUST Jl@édsé‘)mee}l 0 WG YGRS KT k& sHpS§B ep@@mbl‘. NSW

gl ucose was neasured with a neter (Accu-Chek, och

15Ca$‘*t“ﬁ‘é*“lal? | In eiswenaugsts Blopd lucnieosaswse e ngitiy e reser (Awu -Chek,
di @Qaw Ccmemw%v@ronm%mwe f\mCQO\QCrgl UGORE eagacngswhm two
were >12. M ce were euthanased when diabetic

s howqpﬁgmw gan@ﬁlugm;y siadalzs derstorl @9gnM2 Ming yewgndnnaset w hm diabetic

I N3y !:hloujhfgl s‘?gn%%h%ic% hitidi&s.
20 Assessment of insulinitis and sialitis
Pancreata were removed from enthanased mice and placed in Bouin’s fixative for 24 h and

then transferred fo 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

[S]
L4

fashion as descnbed (Leiter, Proc. Natl. Acad. Sci. USA 79: 630-634, 1982). Sublingual
glands were removed and prepared as for pancreata.  The number of inflammatory foct

present were counted and expressed as a mean per section.
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in Bouin's fixative for 24 h and then transferred to

70% v/v ethanol. Fixed tissues were enbedded in

paraffin and H&E stained sections separated by
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masked 25 fashion as described (Leiter, Proc. Natl.

Acad. Sci. USA 79: 630-634, 1982) Subl i ngual gl ands

were renoved and prepared as for - pancreata. The nunber

of inflammatory foci present were counted and

expressed as a nmean per section. 02 March 2007 - 22

St &fqristiiab aralywial ysi s Conpari son of Kapl an- Mei er

survival curves was perfornmed using the | og-rank test

(GaphPad Prism G aphPad Software Inc., San Diego,

CAf-onipagigh| ¢fi Kaglenieser bat el neurs:s BNAE g?rﬁlmsd weing the log-rank test

co f. Pl
G B i

Tr&MR@um“N@]@PWHTm @eqlwé\fsﬂ{ -teanspl anted to 4 week-old

irradiated female NOD recipients. Wiile the onset was

del ayed slightly, the overall incidence of diabetes in
NOD BM r eci pi ents (7/ 12) WBX SMTIBr2 to untreated
controls (15/23) (Figure IA). In contrast, diabetes

was al nost clifﬂmfé%f@vfgﬂ”pctfe trddopqunpaer prennis dpetes
NCD-PI BM (1/16, P=0.0032) (Figure IA). NOD m ce have
an |nherently ighri sk of thynmoma devel opnent 15 that

|
) s \}@m@%fa@w@g of MoBI-F eekiderminien gy | 4ared-aid imadiated female

ex ipIc %I Ay t & & r (&4 [} 111
> ggﬁyf\legtpﬁ Qi om.ﬁg [HQF&%M%A@R 1§1Phgggtgi!5@c{gg lé]%gﬁ of diabetes

et NAID BM BT ) 16da0s: 2BO{cd2000Y s (EX/QB)uéDme 1A). In
Of L&ltﬁ?{ 41:8990584 .Mk hﬂ}fﬁ?lgﬂ%%&imd rl‘?‘%[cbIP?Lﬁs of‘%b%???%lw (1716,

proportion of mce wt roup
( N@O ‘Z’MZO (FiNOB-1 AR NIJ/JBI)HICIQ Uiy ¢ dvenblécrfibrieghceski af U@m&hmi(%clopmcm
‘i' nﬁﬁgen%)%cm@r[aggg e1n18?196% m%n%%c qullg\get%] ar gen %;gpgglfrc%o ioniging radiation
sutI\’Awal?kdt b, Freci FientsidofSeNOD-PEY: BM90I!B&€H alfegBedltz e al, J

ZI %{4%)%?26 (2./419%‘.3 E%&bélgwlugo%ng?rmelgc tdl%frnosed %vl\x/lth 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
20 (P=0.041}. Because of their longer dizbetes-free survival time, recipients of NOD-PI BM

had a higher propertion of thymomas (11/16) compared to NOD BM recipients (2/12).

EXAMPLE 3
1 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 dizbetogenic potential of transferred
mature T cells. However, it was found that, whereas whole NOD BM transferred diabetes
30 to at least 30% of non-irradiated T cell-deficient NOD scid mice, no mice that received

BM from NOD-PI mice developed diabetes.
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of transplanted NOD-PI BM 25 Separate studies had

found that mature T cells in NOD BM were capabl e of
transferring diabetes to imune-deficient NOD. scid

m ce. Di abetes devel opnent, follow ng transfer of02March2007
whol e BM mght, therefore, have reflected the

di abet ogeni c potential of transferred mature T cells.
However, it was found that, whereas whol e NOD BM
transferred di abetes 30 to at |east 50% of _
non-irradiated T cell-deficient NOD.scid mce, no mce

that received BMfrom NCD-PlI nice devel oped di abetes.

02 AMBLG 20045 111213053 bﬂfaﬁHrI@OE Iqeb!\fs und N?Pier (Pﬂufetes ﬁm effect of
NOD-PI, BM coul d transfer diabetes, ‘
tr ﬁﬁ%‘iﬁlqﬁﬂ‘fﬂ hgetrdedetpd B‘éblOeWéﬁild‘BNA4t\®wkaﬂChdmtat\@d téhted. Recipients of
\AB&“MQ'&;)E}@QQ\J@@SBM%J\@@ c(R&% cRcLseﬂtasraPcf and i Elgl(qcn(:(, (10/15) similar to
depl et ed NOD BM devel oped di abetes at a ra

3 netFrereeopof (/8)2) $kigiizalB)t dn Sondnttr datteedt deoritodns was sienificantly

7 Fi, el o
\(/\/a{SCl%I)Sélﬁl b Igglg(ﬁ%t)u%)c 1eésngs ((‘fgfn&fy%ﬁ:ﬂle&géﬁﬁ%? tf’?%’\f gfv gruber &%%’hun mice
of wTthgbyrhemesp hmaeedn N(Ji}@@bpsBMvéIEI guineedl Bpm \Mezmagh]g @he difference
renove rom
¥VI tégghgﬁy%/;glqﬂsﬁ?h Rpfe‘ﬁft‘i(ilesrh'e‘lnV Slé’“ ‘ r&zéﬁd@n;gups r emai ned
statistically signifi cant ( P=0. 012) 10 Cel l ul ar
10' ”HHHI% lmnln.l giéltrgpm Eg{é?cgg(ﬁ/ﬁgl%il(lﬁllﬁlﬁ% Srasng’slélcsscd 1(?0 days posi-

was as

ceBM-Td(épl e(ﬁ o) c@l\,@q)num BEl) ph entpseref ofNODBRH Teell-depleted BM, 54% of
ts were free. of

sl
i nlssflu 5. \i» ﬁgc %ffilob]ﬁlllsléhtﬁAyzggﬁd“ gﬁuaoéléﬁlea& écpli mfiltration was restricted to

I n1thL |1*tl<ftaienp]ﬁbril\@&nhﬁ§ﬂ1ﬁ1hﬁtﬁdoﬁ@aslhh@edx;ﬁEﬁE opﬁb'DOh%Elee leted BM
n contrast, In reCIplentS of

“ '} d%ﬁfgf%ﬂé E)M*‘“ B S 1884 férrét“sa&»\%wnwfmééraw into the islcts

l‘sl nlﬂ,dulrd 218). anigksé bee aas Xt ensiMe b'\/ Qifs;ﬁ%Lﬁ@thlxofbdh{éh%ledn insulitis
15 (Figure 2B). These observations were

th |
r eigr”léifpgé‘%f’ L camgpet oo NR §FeirEaticda BN neuPCL i Similar results

S CO#r ob Qv NGR: IH}alﬁﬂ&p%Cﬁlq}f{SQx \.CE} E&fﬁ 16?‘%': ({F} Qongaﬁ)[o insulitis,
(Figure 2C). Simlar results were o erve

t rfaﬁg’ﬁ}‘%%?ﬁféﬁ‘il dHUgttion of thosuplipglal gﬁefﬂ)[?eﬁti%) ‘BM suhﬂar in 1emplentq of

caon 3! t7 S, ak . iltrati
o?u i}]ﬁlgﬁ(g)&bfll Egﬁk}aé D Ti gnlljd i affiéil %5 a c Iﬂ’lt(, éLi]Jﬂiﬂlﬁpu ated controls

201 dEigpicetits Ohis Hel“tdtrerthNGﬂDDlPidBI\IN@quEr pﬁit&dsd@ﬁilﬁ@aﬂg aBMhst islot
ang 2964, ched unmani pul ated controls

EXAMPLE 4

Pl-encoding hematopoictic siem and progenitor cells transfer diabetes prevention

Hematopoietic stem cells (lin/e-kit'/SCA-17 ) or progenitor cells (HPC) (lin/c-kit") were
sterife-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 nradiated 4 week-
old recipients. Hematopoietic reconstitution was rapid and PBL populations were restored

30 by 8 weeks post-BMT. Diabetes was totally prevéutcd in recipients of NOD-PI HSC and
its meidence significantly reduced in recipients of NOD-PI HPC {Figure 3).



20 (Figure 2D). This indicates that NOD-PlI BM transfer
protects specifically against islet auto-inmmunity.

EXAMPLE 4 PI - encodi ng henat opoi eti c stem and

progenitor cells transfer diabetes prevention 25

Hermat opoi etic stemcells (Iin-/c-lit'/SCA—1+) or 02 March 2007
progenitor cells (HPC) (linic-kit') were

sterile-purified from NOD and NOD-PI BM To determ ne

their effect on the developnenf “of diabetes, snal

nunbers of either HSC or HPC were transplanted into

irradi ated 4 week- old recipients. Henmatopoietic
reconstitution was rapid and PBL popul ati ons were

restored 30 by 8 weeks posf &%%ﬁpﬂﬁgfetes was totally
prevented in recipients of C and its

I NCi dewee:s pignkfdcanyd p- gt éetb: ine ree@ippirahingnofe reconstitution
NOD- Pl HPC (Figure 3). 02 March 2007 24 EXAWPLE 5

Di abetes prevention by NOD-PI BMis not due to

S npaidelddd maaesikigcomst tht yhdtamivb effoctexclODer 1t T was the result of

oS it R B PEsoRL DR Fpp s were s
pekhphed alrehliogshdcancaayde  RBL)dcpoRryl @i oasummg leucocyles were
first analysed. Ten to fourteen days

ceP‘Ilb“Hé‘m“étr‘éft‘leB‘R/ﬁ’l MERHEE g af)ﬁhr{\éOPéuéd\c?‘BeD% f%élwéms (Figure 4A). The
supshanbhabt ¥ 15:agueeds iopaurdery in qurhlph@earm_mﬂe reduced

reC|p|ents (Figure 4A). The proportions o

IU| yfshocytad pehid-SS DR aHE 1oAY R o yeesachzhonis, whereas the
ﬁ C)@x%mlgf QQOMIZQ?@HQW@m%%’BdLQSSOF%% | Xk Mhd 16 weeks post-

five to age-matched controls, whereas the

pr 5pbl- ot Faf bqwb(lfﬁudc {-EDMd| ) rebiii't sropession pEPBRsHeets (Figure 4B)
\‘».’%It,f 9(!1‘913 Ar‘xdlgal?]g I&ﬁdlm%%gl%hﬁ)lggﬁ beBMEn &r&} ]§| I?Eé‘ F%lélll_lty of BMT

count (Figure 4 the relative propdrtlon of P ,
subsetsts(Figumne a4Byell-wedietehonmahs rdspefise atas tlgensinpgstigrted.  Normal

reg I??‘ltltLiIith‘Lfeﬁ R?ccmﬁl%n -9 1% RSt \T&}B ﬁbi\lbbt ] queﬁw lsted BM were
re a T bns

lents to noun -medi at ed i mmune resp
masmmmemﬁnwveswﬂgmUedOVNmﬂﬁ@ﬂ%@50agﬁﬂﬁaﬂ@he@eﬂ£ﬂmﬂ1aewnalﬁmﬂ

an?»,er)oen%cs ogﬂxrgaere b?l'}%? i '\gloe;_ed ntlT C“)ed t&%q%gsé?cgup%%gurc 5}. Thus,

Um n
pOND[BMﬂSMWSWBEKSOdRMCE\K ith &videvibd 6 Qirpeedl inmune reconstitution.

20 EXAMPLE 6

Cytokine-stimulated myeloid cells comprise undifferentiated DC precursors

As a source of ‘immature” DC (1DC), 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 undifferentiaied myeloid precursors. A small proportion of the
cells had a monocyte-like or immature DC-hke appcarance and expressed low levels of
MHC class 11 restnicted pramanly to Intracellular granules. To rfunhcr define these
subpopulations of cells, BM cultured in comparisons were made befween GM-CST/TGEF-
30 Pl and GM-CSF/1L-4, as the latter contains a mix of pheotypically marare and immature

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



responses to OVA were simlar in untreated mce and

either BMI group (Figure 5). Thus, NOD-PI BMI was not
associated with evidence of inpaired inmune

reconstitution. 20 EXAMPLE 6 Cytoki ne-sti nmul at ed

nyeloid cells conprise undifferentiated DC precurgdMarch 2007
As a source of “inmature' DC (iDC), BMwas cultured in

GW CSF and TG--beta (G +F). These cultures cont ai ned

m xtures of cell types, domi natédl-by small round cells

with 25 annul ar or segnented nucl ei that expressed

the nyeloid differentiation marker G-I, features

chagaater 1rstGI\¢ GNIFEIR -y nelivf Eereat inat@d- (IfﬁyeT@]*{ﬂSl contained only a low
recursors. mal | pro n of .the cel . )

rpmn b%”é”l P&éd} oX Il;'rrpg DEPFﬁkaéﬂ&ﬁBélaelaﬁbilcaﬁge Figure 6A), the

eprnﬁﬁlSﬁdr l(ﬁﬂyﬁrlsﬁ]\gezﬁlﬁqoﬂf entiMHC Grl1assd 1 1 ka8t bi ehigdn- Jrcqenlme (MHC
pr ol iy to intracel lular granules. To further
the

def i
u%ﬁo%lﬁ“&ﬁ“ﬁ’r?él chP]e%Jéxﬁ (gD&émneLﬂft)ém) &efPiessed on CDI]CT DC m
6 ONPAL-USONS; VB &1 Rdies R et MERRY gw'%EAFT‘Q&]C)%QOII‘]{"EI]&Q]QLBHV immature
GW CSF/ 1L-4, as the latter contains a m x
pheBfypiemiddyinnGMiESFhd [srdtignre 6/DC gh@ﬁgﬂwaﬁh igmal ballmark of
Pgnﬁﬁxﬂ&gbg‘?ﬁ\s H}%%ﬁtﬁ]fee( g% 8@@%"’;& eq, ﬁlg{ijsluﬁd blvq:l(l"@%eu@a% uptake. In
G+ CREL P44 SBMl@nlc’rtcdwvéldreﬁmM D,SFd TF?:E&SF 3tmeont BCnede cdocytically
opetifrath et BT PR T R f“c?scﬁga\ﬁe&eesndowﬁca“y
i6onpriksi ng al nost entirely CI 1+ cells. Levels of
antigen-presenting (MHC class Il) and co-stinulation
nol ecul es (CDB86 and CD40) expressed on CDllc+ DCin S
1C$leTIG-_(T(]3B-I\C HLﬁrUI@&leﬁM@VﬁE ef hMIC angs 8i il lcBLstit@lation molecules
thqégﬁOf not%Qlcal ﬁ i mature DC generated i.n
g P4 Yl xrgialgatln U161A5b méhcd]algyafl Hn}a}f)t,yt\r?‘,lrf”sghora G+T BM from
hal NoBriK, @ft nof dongbi Qoal hie |sﬁﬁﬂi&hh‘l‘lﬁm&@@éd dpQO/OgDﬁ@e)es development
were neasured by FITC dextran uptake. In

1E;M TSR AT ppl Grbtied %IGI‘FIH'?I@%\IO%NWE Chaire 7). Chg@her investigation
It darg (e ovar evedg el GRL Yum@ed B rfePentiated CDl 1c/CDLIb/Gr-17
GW CSF/ TGF- (31-suppl enented cultures, only CDIc

cel P e dlisanadbiyen ©4ilhic /80 He'thwb 10§ Dizie S G+T BM
expressed low | evels of MHC class Il and

co-stimulation nolecules (Figure 6) and were weak
stimulators in the mxed | yiYAMIM & 7Teaction. G-T BM

from
20 Precursor DC

Depletion of Gr-1* cells reduced the ability of G+T BM to inhibit diabetes, whereas
depletion of CD11c" iDC did not (Figure 9}. Transfer of purified Gr-1" myeloid cells from

NOD-PL (p<0.01) but not control NOD mice inhibited diabetes development in recipient

b3
LA

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

Unlike iDC, CD11c/CD11b7/Gr-1"myeloid cells did not rapidly acquire a matue
CD11e/CDR6™ phenotype 1n responsc to activational stimuli (LPS, anti-CD40). Instead,
they gradually acquircd mature DC characteristics over 5-7 days in culture in GM-CSFAL-
30 4/INF-u. CD11c/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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NOD- PI, but not control NOD mce, significantly

i nhibited (p<0.01) diabetes devel opnent 15 when

transferred i.v. to 4 week-old female NOD m ce (Figure

7). Further investigation revealed that GtT BM

cont ai ned | arge nunbers of undifferentiated CD |@ March 2007

/CDL Ib /G-1" nyeloid cells in addition to

CDl1c+/ CD11bt/ G -Fi DC (Figure 8). EXAWPLE 7 20

Precursor DC Depletion of G-20t-cells reduced the

ability of GT BMto inhibit diabetes, whereas

depletion of CD1 | ct iDC did not (Figure 9). Transfer

oflispue-Fifdcdt aGroatdgemypronisding efelableftp pravedi@Do Phm (p<lsedk)

but not control NOD mice inhibited di abetes

devel opnent in recipient 25 mce, confirmng the

protective role of these EXABKIFEGIre 10). Unlike

i DC, CD11c%D11b+/ G -1'nyeloid cells did not rapidly

acqui re aMisloit «!ls differqngiuier 088 cpMdHotigssd It W risgpense

to activational stimuli (LPS, anti-CD40)_ | nstead,

they gradual |y acquired mature DC characteristics over

5I 7 ddsysing theciMgrd et @UP TSR birvisel of/ eNFfeged @, Gri™ cells were

&? ?(Lerp:céﬁ%%zﬁtgg& CUHLr"ec?fn&%srug n({{énce C%J’ 448180 or o icr

f osﬂlegd)hmga datcae thad{CEAE dhbta]ﬂmltanﬂyxﬁécmdihﬁ@ PieCplSOr Brozen sections
0k SR Ber (el et Ty SPE A5G For o ovdgaliation of CFSE-and

amttmnmyrmmemdj s@las\enhprﬁmm 81, N;@i 1Qi otmeb lo$ GR- 1) was perfonmd

differentiate to CDIl c+/11 s 11+ DC in

T P OGS HE TGO T HGFon St PaR e DR Icgd of ol

ofvhich amsf pdibﬁt&@ ©eldrsE 4 lat e ! hsiwen@tedpuried ]eﬁqmiflé'l@gﬂou CFSE

thgg ﬁF é yltured proi nsul i n- NOD BM by depl etion
5 ol Reiyedlc pHETEEPYS S plien OsE fabdipagealed mAB,

aﬁ}ﬁli hBjrie6t fehedbloGthyrebd @ psP! BERA. sifthQZ8had@ed NGe pRfsence of
pl een were stained for | munof | uor escence anal ysi s.

L@@éﬂ“féfﬁﬁﬁ; BheEBEPHKE 10 anti body | abel I ed cells
(either MHC class Il, CDL Ic, CD1 Ib or GR-1) was
performed using | mmunof | uor escence m croscopy. Figure
Vrdendfiigelegt es the identification of cell s

Cryostal scctions (Sum} were cut from frozen OCT-embedded (Tissue-Tek, Miles lnc.
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 nen-specific protein interactions blocked with 1% BSA.
Biotinylated primary anfibodies were applied at predetermined optimal concentrations for
one hour at room lemperature.  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 nnsed and

mounted in anti-fade reagent (IDAKO Corp., Carpinteria, CA).
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deViéPeipddiicdiie Hear2yiNeraishistertatt ghe i Votitn dRedbedieetinfs, susceptible to
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Carlpit ihenpvanti@Apcluge Nhseth 200%ons 2% Qptidspiions.  The invention also
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inn%$ébggﬁﬂﬁﬁ?Prgﬁ%Fgciate that the invention

descri bed herein is susceptible to variations and

nodi fi cati ons other than those specifically described.

It is to be understood that the invention includes

all such variations and nodifications. The invention

al so 10 includes all of the steps, features,

conposi tions and conpounds referred to or indicated in

this specification, individually or collectively, and

any and all conbinations of any two or nore of said

steps or features.
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CLAIMS 1. A nethod of preventing or treating 02 March 2007
i nsul i n-dependent di abetes in a subject conprising
introducing into said subjecglan APC whi ch presents
pro-insulin associated wth an autoirnnunc di sease,

sai d nmethod conprising collecting a sanple of

henmopoetic stemcells (HSCs) and/ or henppoetic

progenitor cells (I-1PCs) from said subject,

ismtproed Bdi. igtehiat b\’hrﬁéarﬁﬁmlmﬁf(e I}HSQ:S hanehkar gédgﬁﬁoﬂan&!lidﬁtlc cells
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6@ﬁhb@ﬂons wherein sald genetlc material is expressed
so that the HSCs and/or HPCs produce said pro-insulin
or an inmunogeni ¢ honol og, part, fragment or portion
thereof. 2. The nmethod of claim1l, wherein said APCis
selected froma dendritic cell, B- Lynphocyte,
epithelial cell, nonocyte and macrophage. 3. The

met hod of claim2, wherein said APCis a dendritic
cell. 4. The nethod of claim1l1, wherein said subject
is selected fromthe group consisting of a hunman,
primate, sheep, horse, cow, donkey, pig, goat, rabbit,
nouse, rat, guinea pig, dog, cat, bird, chicken,

bant ans, geese and turkeys. 5. The nethod of claiml,
wherein said subject is a hunan. 6. The nethod of
claim1, wherein said cell is derived from bone marrow
fromthe hip bone, bone marrow, cord bl ood, bl ood
fromliver, blood froma tissue and PBMCs. 7. The

met hod of claim®6, wherein said cell is derived from
bone marrow froma hip bone. 8. The nmethod of claim
1, wherein said proinsulin is of human origin. 02
March 2007



3 9. The nethod of claim1l, wherein said proinsulinis
a humani sed proinsulin, wherein said proinsulinis
derived fromthe group selected of pig, cow, sheep
horse, goat, nmouse and rat 10. A nethod for treating
or preventing insulin-dependent diabetes in a subfzilarch 2007
conprising, (a) collecting a sanple of henppoetic stem
cells (HSCs) and/or henppoetic progenitor cells

(HPCs) froma subject; (b) imtroducing into one or
nore HSCs and/ or HPCs genetic material encoding
pro-insulin or an inmunogeni ¢ honol og, part, fragnent
©or.Apastion thereof under conditions wherein said
genetic material is expressed so that the HSCs and/ or
HPCs produce said pro-insulin or an imrunogenic
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marrow fromthe hi pbone, bone marrow, cord bl ood,

bl ood fromliver, blood froma tissue and PBMCs. 15.
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3. The method of claim 2, wherein said APC is a dendritic cell.

4. The methed of claim 1, wherein said subject 15 selected from the group consisting
ofa human, pnimate, sheep, horse, cow, donkey, pig, goat, rabbit, mouse, rat, puinea pig,
dog, cat, bird, chicken, bantams, geese and turkeys.

5. The method of claim 1, wherein said subject is a human.

0. The method of claim 1, wherein said celi is derived from bone marrow from the hip

bone, bone marrow, cord blood, bloed from liver, blood from a tissue and PRMCs.

7. The micthod of claim 6, wherein said cell is derived from bone marrow from a hip

bone.

g The method of claim 1, wherein said proinsulin is of human origin.



16. The nmethod of claim 10, wherein said proinsulinis
of human origin. 17. The nethod of claim 10, wherein
said proinsulin is a humani zed proinsulin, wherein
said proinsulin is derived froma source selected from
the group consisting of pig, cow, sheep, horse, gbhfarch 2007
nouse and rat. 18. Use of an APC which has been
genetically nodified to present pro-insulin or an
i mmunogeni ¢ honol og, part, frggnent or portion thereof
associated with insulin- dependent di abetes in the
manuf acture of a nedi canment for the treatnent of
gnhsul I
wnor el B i A A B s e B S S D Bl pgperein
ofudgroidehdrs derigedcledrh theBarbyrmohoey t Epig apint Hekp dbrsealohy, mouse
%ﬁgggyte and macrophage. 20. The use of claim 18,

erein said APCis a dendritic cell. 21. The use of
claim 18, wherein said HSCs and/ or HPCs are derived
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rein said proinsulin s derived froma source

§ﬁ$ected fromthe group consisting of pig, cow,
sheepc)hor susi@eAtnurdIRUSE NG nE@biHy modified cells into said subject.

11 The method of claim 10, wherein said HSCs and/er HPCs undergo cytokine

mediated mobilisation.

12. The method of claim 10, wherein said subject 1s 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.

13. The method of claim 10, wherein said subject is a human.

14 The method of claim 10, 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 PIMCs.

15. The method of claim 14, wherein smid HSCs and HPCs are dertved from bone

marrow from a hipbone.
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16, The method of claim 10, wherein said proinsulin is of human origin.
17 The method of claim 10, wherein said proinsulin is a humanized proinsulin,

wherein said promsulin 1s derived from a source selected from the group consisting of pig,

cow, sheep, horse, goat, mouse and rat.

18. Use of an APC which has been genetically modified to present pro-insulin or an
immunogenic homolog, part, fragment or portion thereof associated with insulin-dependent
diabetes in the manufacture of a medicament for the treatment of insulin-dependent

diabetes

159 The use of claim 18, wherein said APC 1s selected from the group consisting of a

dendritic cell, B-lymphocyte, epithelial cell, monceyte and macrophage.

20 The use of claim 18, wherein said APC 15 a dendritic cell.
21. The use of claim 18, wherein said HSCs and/or HPCs are derived from a source

selected from the group consisting of a human, primate, sheep, horse, cow, donkey. pig,

goat, mouse, 1at, guinea pig, dog, cat, chicken, bantam hen, geese and turkey.

22 The use of claim 21, wherein said HCSs and/or HPCs are derived from a human.
23 The use of claim 18, 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, bleod from Liver, blood from a tissue and PBMCs.

24, The use of claim 18, wherein said promsulinis of human origin.

25. The use of claim 18, 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.



