TREATMENT OF EXCESSI VE NEOVASCULARI ZATI ON FI ELD OF THE | NVENTI ON The
present invention relates to nethods of treating or preventing

angi ogenesi s- 5rel ated di seases by the adm nistration of stemcells and/or
progeny thereof. BACKGROUND OF THE | NVENTI ON Angi ogenesi s Angi ogenesis (or
neovascul arisation) is the formation and differentiation of new 10 bl ood
vessel s. Angiogenesis is generally abdent in healthy adult or mature

ti ssue. However, it occurs in the healthy body for healing wounds and for
restoring bl ood 5§§®zé;gb§yfenales

angi ogenesi s als St FOTTET FepT cle and during
pregnancy. Under these processes, the fornatlon of new bl ood vessels is
strictly regulated. 15 Angi ogenesis and Di sease In many serious disease
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Angiogenesis and Disease

In many serious disease states, the body loses control over angiogenesis. Excessive
angiogenesis occurs in diseases such as cancer, macular degeneration, diabetic
retinopathy, arthritis, and psoriasis. In these conditions, new blood vessels feed
20  diseased tissues, destroy normal tissues, and in the case of cancer, the new vessels
allow tumor cells to escape into the circulation and lodge in other organs (tumor

metastasis).

The hypothesis that tumor growth is angiogenesis-dependent was first proposed in

25 1971 (Folkman, 1971). In its simplest terms the hypothesis proposes that expansion of
tumor volume beyond a certain phase requires the induction of new capillary blood
vessels. For example, pulmonary micrometastases in the early prevascular phase in
mice would be undetectable except by high power microscopy on histological
sections. Further indirect evidence supporting the concept that tumor growth is

30 angiogenesis dependent is found in U.S. Pat. Nos. 5,639,725, 5,629,327, 5,792,845,
5,733,876, and 5,854,205,

To stimulate angiogenesis, tumors upregulate their production of a variety of
angiogenic factors, including the fibroblast growth factors («FGF and BFGF) (Kandel
35 etal, 1991) and vascular endothelial cell growth factor/vascular permeability factor



(VEGF/ VPF) and HGF. However, many malignant tunors al so generate inhibitors
of angi ogenesi s, including angiostatin protein and thronbospondin. (Chen et
al., 1995; Good et al., 1990; OReilly et al., 1994). It is postul ated that
t he angi ogeni ¢ phenotype is the result of a net bal ance between these
positive and negative regulators of 5 neovascul arization. (Good et al.,
1990; O Reilly et al., 1994). Several 2ot her endogenous i nhibitors of

angi ogenesi s have been identified, although not all are associated with the
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stage, the obstructed blood vessels lead to a decrease in the b ood supply to the retina,

and the retina signals the eye to develop new blood vessels (angiogenesis) to provide

the retina with blood supply. In the fourth and most advanced stage, proliferative

retinopathy, angiogenesis occurs, but the new blood vessels are abnormal and fragile
35  and grow along the surface of the retina and vitreous gel that fills the eye. When these

thin blood vessels rupture or leak blood, severe vision loss or blindness can result.



There is a need for the discovery and devel opnent of additi onal

anti - angi ogeni ¢ agents that nmay be used alone, or in conbination with known
angi ogeni ¢ agents, in order to treat or prevent angi ogenesis-rel ated

di sorders. 15 SUMVARY OF THE | NVENTI ON The present inventors have
surprisingly found that stemcells, and progeny cells thereof, can be used
to treat or prevent angi ogenesi s- rela?ed di sorders. I n one aspect, the
present invention provides a nethod of treating or preventing an 20

angi ogenedingiogensisdphibiferease in a subject, the method conprising
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In one aspect, the present invention provides a method of treating or preventing an
20  angiogenesis-related disease in a subject, the method comprising administering stem

cells, or progeny cells thereof, to the subject.
In a preferred embodiment, the stem cells are obtained from bone marrow.

25  Preferably, the stem cells are mesenchymal precursor cells (MPC). Preferably, the
mesenchymal precursor cells are TNAP*, STRO-1*, VCAM-1%, THY-1", STRO-27,
CD45%, CD146", 3G5" or any combination thereof. In another embodiment, at least
some of the STRO-1" cells are STRO-1"",

30 In a further embodiment, the mesenchymal precursor cells have not been culture
expanded and are TNAP”,

In a preferred embodiment, the progeny cells are obtained by culturing mesenchymal
precursor cells i vitro.

35
In a further embodiment, at least some of the cells are genetically modified.



Represent ati ve phot ographs of eyes fromeach tinme point show the |aser

| esions (la arrows) and the associ ated fluoroscein | eakage (i ndi cated by
arrows) at 7 days (lb), 2014 days (lc) and 28 days (1d). Figure 2. Mean
severity scores of |aser lesions at each tine point Using the densitonetry
met hod the extent of CNV was cal cul ated and statistically anal ysed. The
nmean severity score was significantly4higher at 14 days (p<0.01) 25
conpared to 7 days post |laser treatnment (asterix). However, while the nean
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an eyeiy days post l|laser (h), rupture of Bruch's menbrane can be seen
(bar). SUbE uent 40x magnification (c) shows the presence of red bl ood
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t hr oughout SRenY @?B?frf’@{g’ﬂé?r SIOIPNG elemenisphiiegets oaptepsevi dent whi ch was
confirifed by inmunohi stochenm stry using the CD68 anti body. Figure 6. CFP
and FAs of treated eyes A control, unlasered eye (a and b) was used for
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Representative photographs of eyes from each time point show the laser lesions (la
arrows) and the associated fluoroscein leakage (indicated by arrows) at 7 days (1b),
20 14 days (1c) and 28 days (1d).

Figure 2. Mean severity scores of laser lesions at each time point

Using the densitometry method the extent of CNV was calculated and statistically

analysed. The mean severity score was significantly higher at 14 days (p<0.01)
25  compared to 7 days post laser treatment (asterix). However, while the mean score

increased between 14 and 28 days the difference was not significant (p>0.05). This

result was characteristic of other breeds of rats using this model.

Figure 3. Frequency of values of each lesions score

30  The frequency distribution of each lesion score was found to be typical for control
values in other rodent breeds using the laser photocoagulation model. This was
characterized by zero to mild leakage in the early period and peaking between 14 and
28 days post laser treatment. 0 = zero/no leakage, 1 = mild, 2 = moderate, and 3 =
strong leakage.

35
Figure 4. H&E stained histological sections of retinal tissue
A normal retinal section (a) shows all of the layers intact (GC, ganglion cells; IPL,
inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; ONL



No significant difference in scores between the control and the study group
at day 7 20 was cal cul ated. Conpared to day 7, fluoroscein | eakage due to
CNV devel opnent did not increase significantly at day 14 or 28, which were
significantly | ower than the control scores at the conparative tine points.
Figure 8. Frequency val ues of each Ie5|ons score 25 The frequency

di stribution of each |esion score was>found to be typical for control

val ues in other rodent breeds using the |aser photocoagul ati on nodel. This
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Figure 7. Mean leakage scores

No significant difference in scores between the control and the study group at day 7
20 was calculated. Compared to day 7, fluoroscein leakage due to CNV development did

not increase significantly at day 14 or 28, which were significantly lower than the

control scores at the comparative time points.

Figure 8. Frequency values of each lesions score

25  The frequency distribution of each lesion score was found to be typical for control
values in other rodent breeds using the laser photocoagulation model. This was
characterized by zero to mild leakage in the early period and peaking between 14 and
28 days post laser treatment., 0 = zero/no leakage, 1 = mild, 2 = moderate, and 3 =
strong leakage.

30
Figure 9. Histological sections of eyes
Large numbers of macrophages were present in eyes showing signs of endopthalmitus
(arrow, 10x a, 20x b). In non-affected eyes the retinal appeared normal with a lack of
vascular development in the lesion site (c).

35

Figure 10. Comparison of percentage of laser photocoagulations with fluorescein

leakage



techniques utilized in the present invention are standard procedures, well
known to those skilled in the art. Such techni ques are descri bed and
expl ai ned throughout the literature in sources such as, J. Perbal, A
Practical Guide to Mdl ecular doning, John Wley and Sons (1984), J.
Sanbrook et al., Ml ecular Coning: A Laboratory Manual, 25 Cold Spring
Har bour Laboratory Press (1989), T.A 6Brown (editor), Essential Ml ecular
Bi ol ogy: A Practical Approach, Volunes 1 and 2, IRL Press (1991), D. M
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As used herein, an "angi ogenesis-rel ated disease” is any condition
char act er' excessive and/ or _abnormal neo-vascul arization. Any

angi ogenest SRR BU AN OFgLHI NVENTION or prevent ed using the met hods
of 10 the present i nvention. Angi ogeneS| s-rel ated di seases include, but are
not lim t@m"f«@%i‘_@genem s-dependent cancer, including, for exanple,
solidigu 0 r uc L e t unor  net ast ases;

beni gn ttrj@ ﬁ]?i % %?Qaég el é&%r?g‘n&? c?ﬂat amé?@]; C{ni;cée'ﬁgﬁ% Sused &518¥ i br omas,

t rachomass a %%@ehﬁ"ét Séﬁlﬁlffma@g as herumankyi wdenstoled iby ioge operdiniagsi S; ocul ar

angi o?enlskﬂdnsemseat eqr, @mmtah eoelllglolqéhg?becrellccﬁlﬁfré n%?etcbl%ér eﬁ&ﬁc@{)pat hy of
premat uri [ at.i.on ingc e-rel at ed macul ar
degener at f%rh gfr?i)g&l 11%tm uglgﬁgtlpgkfegf - R gl?enﬂgﬁ’eﬁ%‘? E‘?’FWIS%r neal graft
rejection, neovascul ar glaucoma, retrolental fibroplasia, rubeosis;

Os! enovelihasss Symelrinmidiauacdt dhabanal HORRESLS g@wgﬁﬁgﬁmgﬁgl?g#, broma: and

neovascul, asi a;

wound gr a%&b’étgés “tﬁlz‘?% % Steﬁ feengion g s aﬂ%ﬁtpi“t?ﬁ wee valkllaygeoul in the
t r eat nenthase sighed/anthe ert. Suchiiwbeiges arh déscibadearsingipbiredeniosgiamt tepat hol ogi ¢
consequetiegateidGh s@ﬁc&%ﬁcﬁ@g @t P:é?béj' §%§c£l@ﬁﬁ@{oehdme@ﬁh} éloﬂﬂﬁgnk%ﬁa) and

ul cers ( cte ar ‘angi ogenesi s
di sease” blﬂs lyaﬁgg%s @?@Soﬁ SB’P" Rk e@?eﬁ@%’iﬁ’ﬁ?@% z‘%&awaté%’dﬂé@iabe and/ or
abno?imal Cﬁ@ospra@g: UHeabdwz ab almmatorjhBraset(hoR, AfAt rmowﬁv@aitmnm@uuebe conbi ned

Wi th ot hploldchRF BRJI&‘g%/ t&olﬁra.rst'fc%l’" a&r VB[U%YG%W[ Anﬁg% “i\ﬁ%% g%ﬁ??ﬂhg/l rel ated

di sease. ~The ﬁn@t@p 0 g;se o therapi es W particul ar
angi ogeng’g Ve eﬁ ‘E}F% gs), pé\‘ Qié%iliﬁﬂ éPrﬁanak ﬁépmﬁfélaf‘/ﬁhm%:?%or

pr event i B4 Bfesyrel®85 and dé@@nemcaFJMnAmbﬂgettdne(eamrElp@n@ﬁt PlagcbRVENt i on may
macugen (Leoat A’ @*‘éeg@%ba&g’?ﬁgﬂaf N IO S

mac en agg tan usin B2 and/ or
| as PR “WtPfff’? {Harlewnerd Davidedene redifirs)h Antibodiest Hods of t he

i nvent . dmbolaimrbMamumibCnRﬂSpMﬂngz&kaLGQIaBorafoﬁﬁ'@9889%1{&1}9}!3 a0igandf or
chenot h%(ﬁfb\{s) @rrent Protocols in Immunology, John Wiley & Sons (including all updates
until present), and are incorporated herein by reference.

35  Angiogenesis-Related Diseases, and Treatment or Prevention Thercof

As used herein, the term "angjogenesis" is defined as a process of tissue
vascularization that involves the growth of new and/or developing blood vessels into a



8 enbodi nent, the subject is a primate. In an even nore preferred

enbodi nent, the subject is a human. As used herein the terns "treating",
"treat" or "treatnment" include adm nistering a 5therapeutically effective
amount of cells as defined herein sufficient to reduce or elimnate at

| east one synptontof an angiogenesis-related di sease. As used herein the
terns preventing "prevent" or "prevéention" include adm ni stering a

t her apeuti cal | hagstl ve amount of cells as defined herein sufficient 10
to stop or #¥ ofsireied ferenreaovaselanizetion. Thaereyspro prakedin one

angi ogenes i oof- thteb &taw tigh ms’?&ﬁcan R Fehl p?e@ﬂﬁ’tlr@r RIGRY gd 9?\7 ed%fv%lAﬁmE:’TtEd

are capabl e

a "
erein, Sl G Lls %% e@n ﬁ8ﬁ8568§%% Ceglﬁ ﬁ@%ﬂ{?;?}%\ﬁl\fé)al ang/or gisting #mallaught er s

of 15 g|V|n rise
as wel | as V&ﬁselséamnlajﬁélmdlhmctetl nal cell type (e.g., termnally
differestiated cells). The term"stemcells" includes totipotential,

pl uri pot enty alsegnd mul tipotenti al ldle as well as_ progenitor and/ or

pr ecur sor G 1589 B8y BB PREIRR PRS- TAtadeiasaes  aiF 281 conbifi@nsharmteaigedidEd her ei n,
t he term " £¥tsHm adfor@bhdrinabmeotasdulgpizbioi i al cel |" refers to a cell that is

able to forma conplete enbryo (e.g., a bl astocyst) As used herein, the
term"pluri,potent cell™ pluripotential cell"” refers to a cell that has

conpl et e di 1Y SPeQesIseis 6?45“\9% rd§8‘t‘SFI“i1€tbee freaged ory preveatpd ansingythe anegfrogwoifnt o any
of the 925rrtatmmﬁaeawmw;ohsAagpgmmmlab& dR6dYes Blclude yRe Sire ﬁotpthrﬁftécpsbt ent cell
can be sel ingzdgéﬂ%\l!-%fnllﬁﬂg c&tﬁ:@r 1‘3&5&1@ for n@tﬁ#@fé sglliJ Sn%c?rgggl}gf)& P'%ﬁ It Isssue

By "multi pt%tentl al
capabl e of “HiI%% fE a§ele‘fli9“ﬁfr‘?y 36f1 @Wérfaﬁaﬁ’@?%rben@l tumgrpedor Agmped herein,

this phr askemad@iogras,o nqrasses mdwrrtasorneafdﬂby@ﬁusc ghaeteg! |mdanfops rf?cgem tor
cells, A3oES G e IVPC and mul tipof ent pr ogeny
of these gé}lal s. Ul i kgﬁég%'ll lﬁlﬁr:ﬁ% %?o%tasﬁ CIuFar% %fe(?ﬁets t |FaGB s not have
t he Ca%aCI @beflg r¢tHIoORgtRY,| re op@ﬁx@r qf@mmqtyxpjygmacular degeneratlon including dry

age-related macular degeneration and wet age-related macular degeneration, corneal
graft rejection, neovascular glaucoma, retrolental fibroplasia, rubeosis; Osler-Webber
Syndrome; myocardial angiogenesis  blindness; plaque neovascularization;
telangiectasia; hemophiliac joints; angiofibroma; and wound granulation. The

20 methods of the invention are also useful in the treatment or prevention of diseases that
have angiogenesis as a pathologic consequence such as cat scratch disease (Rochele
minalia quintosa) and ulcers (Helicobacter pylorii).

As used herein, an "ocular angiogenesis disease" is any condition of the eye
25 characterized by excessive and/or abnormal neo-vascularization.

The methods of the invention may be combined with other therapies for treating or
preventing an angiogenesis-related disease. The nature of these .other theretpies will
depend on the particular angiogenesis-related disease. For example, for the treatment
30  or prevention of macular degeneration using the methods of the invention may be
combined with antioxidant and/or zinc supplements, administration of macugen
(Pegaptanib), using a method as defined in US 6,942,655, and/or laser treatment.
With regard to cancer, treatment with the methods of the invention can be combined
with surgery, radiation therapy and/or chemotherapy.
35
As used herein, the term "subject” (also referred to herein as a "patient") includes
warm-blooded animals, preferably mammals, including humans. In a preferred



9 Mesenchymal precursor cells (MPCs) are cells found in bone marrow,

bl ood, dental pulp cells, adipose tissue, skin, spleen, pancreas, brain,

ki dney, liver, heart, retina, brain, hair follicles, intestine, lung, |ynph
node, thynus, bone, |iganent, tendon, skeletal nuscle, derms, and

peri osteum and are capable of differentiating into 5 different germlines
such as nesoderm endoderm and ectode#m Thus, MPCs are capabl e of
differentiating into a | arge nunmber of cell types including, but not

i ted Qi BRRAS he ARFEPYSa ofiftlld HRGh ROUS moRd BRkied diBaARE, thand fi brous
e e’ specitic

connective tIssues. I neage-comm trent and differentiation
pat hway wishlipctiselinaie| | s enter depends upon various influences from
mechani cal influences and/or endogenous 10 bioactive factors, such as
growt h factors, .cyt oki ndl.or. hocal h L Gen §i ons

et abl i sht By AEE P 0, FRUEL, BOT ol FRORAL LRRAF AAIIGARE L

nonhenét opirapeiically cifesitecormait [of ogh§ e definFldereip W&@Feﬂt dGgHeR T cel I's that
are eitheklistRm £ ®halione byBHEmITas ufég@gene@é-fesatmmasd. ntinme wll
irreversibly differentiate to yield a phenotypic cell. 15 1In a preferred
enbodi ment, cells used in the methods of the invention are enrjched froma
sanpl e obtAzi nedt! flreosin athsultfrast ."preventingh, npreed'| (HedPreverRpy ¢ B or

vari ati ongehRehent Aherapsedaliesmichvs ameas of icbes & defiped hértiarsufficiat! | s in

whi ch_t he proport.ion of  on articular, cell e anti.en of a
nunbet? of tfgﬁ?ﬁ%lﬂf’ ﬂ&f’eﬁ’ﬂ"e’gég‘?%"ésay SSSStiOHE P%r%étég‘ %%Eéﬁkg‘gﬁ%ggg%&e?h t he
untreat eddpegsal ation. In a preferred enbodinent, the cells used in the
present invention are TNAF' +, STRO 1+, VCAM 1+, THY-1+, STRO 2+, CD45+,
CD146+, 3Gb+ ar,an conbi?ﬁtu%p thereof. Preferably, the STRO 1+ cells are
STRO 1 blggﬁ%f95ﬁ§é§#§§F§rl?ﬁe STRO- | bright cells are 25 additionally one
or nore ofpsVeAMekdin, fhtYerirsteRT RN 2efetntd/ sotf-r@RId+cells thasaee eappdldiofent , t he
mesenchynal . precur sor | | ' : PhesUksHr cells as
ot  nett | BB o0 Pt fcaﬁzs%{}@g%%&a@?%?2%@%%@*7?%%3?%”3?"?@ g "pgsi ti ve"

for a gi vere etaeknal cell yay (ve. rminally giffeseptigied cgiis)gilhy Fm étﬁ*ﬁc‘] §#5(bri ght
bri) exprggaRes ﬁfﬁpbtfa)lat}iahnﬁﬁxfg&eﬂw%ﬂdirﬂ@tipcnerttiae celisg lrae@vdﬂoas/\mogmitohe ma][ ker
is present gn the ce ur.f ac er. . elate to intensity o

f1 uor esce'fjﬁ':dzor ecb‘fsﬁé?ellécsle‘ane?j lﬁ%%‘gi({r’ﬁ?&@a@%ﬁgﬁfmgorti ng process of the
cells. The distinction of lo (or dimor dull) and bri will be understood in

the comt ext ,8dd fdi8n 3Be MR KRpoktREELID o atofipbtehitallcell” eferd topoll thetiion bei ng
refer herein't as,,being "negative" for a given

sorted. n a |
mar ker , yg$88£§“ﬂ8f°WB WEPﬂEYogﬁ%”ﬁg?%%?mts not expressed at all by that
cell. It means that the marker is expressed at a relatively very |ow | evel

lbybt lhi'it dC%L 'ixaed%%?ei%ﬁﬁé téh% "gﬁlh pRhESIA oi/e;ﬂgri il gelrefetsan adzeﬂeha:tatk)l y

abel | ed. e term"bri " owhen use er.el rker on a

cel | surf BSecqmppigte g’éﬁwl&fﬂé‘gfqav%s&”\é@i vt 3‘“%?%‘“@{ Sdnéf%?‘{éﬁ a&gt(gfcdtﬁgbl y

| abel 22d. mivinatitn body' swagiroxiguately B0 Iceliityred. béx niwaentgnt gell Gag by ¢dosed t hat

"bright” l%ﬂé‘!vﬁlg,egfl rc%r??en{g?ﬁ Gorffant HeuiREQEWithRIKaEud protein (for exanple the
se y

antigen recogn STRO- 1) than other cells in the sanple. For instance,
STRO- I bri cells produce a greater fluorescent signal, when |labelled with a
FI TC- conj BgatedtipSTRa: 1 celliit drouiyttipserd stel? menweerby cEACHighi @rale Afhan
non-bri ght, g6l | Afdgwe{agfﬂ, R BEIENARLY. Asbideghhdreifielilis momstitute at
| east abo%?ﬁ%.%é%gfggiz nost rL%hfly I eII%d bone. narr M/gaﬁpqgclear
cel | s3G onesPHawpsesy adult or embryonic stem cells and progenitor  cells, .

mesenchymal precursor cells (MPC) and multipotential progeny of these cells.

Unlike a pluripotent cell, a multipotent cell does not have the capacity to form all of

the cell types.

35 As used herein, the term "progenitor cell" refers to a cell that is committed to
differentiate into a specific type of cell or to form a specific type of tissue.



10 the starting sanple. In other enbodinents, "bright" cells constitute at
| east about 0.1% at |east about 0.5% at |east about 1% at |east about
1.5% or at |east about 2% of the nost brightly |abelled bone nmarrow
nononucl ear cells contained in the starting sanple. In a preferred

enbodi nent, STRO 1bright cells have 2 | og magni tude hi gher expression of
STRO- 1 surface expression. This is caltulated relative to 15"background”,
nanely cells that are STRO-1". By conparison, STRO-ldimand/or SIT1R0_1

i nt er medi MeerGRyrhd pAvfol 648 (MP@Q) drel @Qs RGO bole thgdne,rbleoqordexsrsl on of

STRO 1 surf,ace.express about , 1 S a ackgr ound”

When usedPHBSl% aﬁwgset {ﬁsﬂ’? %ﬁgle?%%aﬂ?r%%dggur’o n%go“% héapc PethOf orns of

ti ssue 20braimghak fellictes,cintdstize, ilwreg, pyopip hadea ghymise bors drggrn@nt ttﬁeiotler m

encorrpasSﬁélekﬁemﬁréc}éerde}r?rgf HdpbhARum; the hena &b?@fo‘?rd’ifférgﬁtﬁ)tmgnﬂtot he ki dney
re

i sof orm

erred enpbodi th T Pis
parti cul a‘illf rear é?r@rlr“&ﬂ SEfib BT MFEATE™ ‘I‘?Erlﬁ?é T I:F% 1@)@5 % a nol ecul e
whi ch cancapitild of Biffefehi6diny iattd hagyhuprbedoled ﬁypestlh@udmg)rhudo@tdlm@d l'i ne
Bomos bt o hdiBodT e AR, dADBRGID e D s Gl RACHLERE (PRSI BRRs 07 L e

Budapest Tteaty U depo accession nunber tﬁ {‘t hernore, in a
preferred Weﬁﬁ@ﬁ?agemcﬁ@n@@wpsa@r% BLspLAbios Péﬁ‘hwdi”\ﬁ peeperonogeni ¢
CFU-F. 30depbidsi ﬁpoﬁr efrpig affideheds Romi gvcHahicaininfinemgee ranion eoflogeheus

mul tipoteptial. ?a% orsS @{{gasc%?ml fgctgtfs %‘tél&?@rs,eﬁd{&tlb&'[‘ midbS@bnih&ast two

di fferent "germ g %e%to whi ch the
nul ti pot e“r‘i’PfhéEPn% ertarbélslrﬁﬁybybb%é é‘ﬁﬁﬁef t é/éesrlrﬁ?malepﬂﬁﬁlﬁéofﬁ@ soHs 8811 s;
hepat ocytignpipgRtt bﬁﬁ’gémtdﬂ/ﬁdzlfshv}ﬂﬂﬁdlmdlb td pieldanatigtarcelis thet atecitheepiethel i al

cells and. go ., hep 11681? c% ec,segls %lféha tv(fllllcfn%ge 913 aJr Iy Siereltlligh S 3Rci@gner at e

glial cel] precur ors ress o ol ocytes and “astrocytes;
neur onal Bheedyrigesls t hat progress to neurons precursors for cardiac rruscl e
and cgrdi onyocytes, glucose-responsive i nsul i n secreting pancreatic beta

T |ude. but .
ggont olblmg[gt spreggﬁ? eﬁ‘%gﬁ?g‘& %gf ‘lésg&l“slag ‘6‘%§ %ﬁ%‘% %Ugh&& n%]%‘%‘g%ﬁr sor cells
of the fdtdmoe sguple eqbtaiadd ﬁpglrrenﬁubﬁ’pi t HEe; W&e?ﬂns@ hedt,j lspiagimest sOf skin cells

such as kveﬁerdn@qgé%esaredeeaimehptd:eladcﬁbera %)d’pufa@bhldﬂ@ll@exhhﬂncrr éral duct
epithelia musc C

al rogenitors,
vascul ar pE‘i‘Pd’Btl‘We‘?f OQF p&‘é Cl@r CethWH% A %Ie i% %Pr%tn(fn °feasm§%bre% %? gérﬁ?&lgloﬁegocyt e,
fi br 8Bl asypes mnr;roweéwhomaomdeEthWQ@ﬁaéed papslbstinnuscl e, skel etal muscl e,
pericyte, vascular, epithelial, glial, neuronal astrocyte and
ol i goden rocy te cel + d progeny
t her eof , ?%F‘Q %rﬁfélbql@og’fm%t’fﬂ?ee?eelﬁflfeé{g ¢ I?Lrﬁﬁegt ﬁl n%@%tagéﬁﬁﬁg Z’ncl)?ﬂ
embodi nent, VEAM-TiyTEN-po SERO-2], CBYST, €D 166 366t Oterp’aQ@Iﬁé’l@f«lO@WFWé ri se, upon
cul turing,. f&ﬁblﬁhﬁ@tﬁﬁg} Bt idhs %f‘é é’PROjimtem&&%@ 8 §frlo- 0¥ defig arget hods of

eri r

the invention ved om a or a fetus. The
t er m28 ad&ﬂ@mo‘i‘@y%%ar’inﬂfeiocfy%a]degﬁ ]te étﬁ@ aﬁg}fgﬁggqé postnatal subj ect .
In a preferred enbodinent, the term"adult" refers to a subject that is

post Pubeid Bho erhBSihEAiMne ‘Auhdny B pMSGLoN RIS SR RNE rigkhgigacor d bl ood

taken fro
precursor cells as defined in WO 2004/85630.

30  When we refer to a cell as being "positive" for a given marker it may be either a low
(lo or dim) or a high (bright, bri) expresser of that marker depending on the degree to
which the marker is present on the cell surface, where the terms relate to intensity of
fluorescence or other colour used in the colour sorting process of the cells. The
distinction of lo (or dim or dull) and bri will be understood in the context of the

35  marker used on a particular cell population being sorted. When we refer herein to a
cell as being "negative" for a given marker, it does not mean that the marker is not
expressed at all by that cell. It means that the marker is expressed at a relatrvely very
low level by that cell, and that it generates a very low signal when detectably labelled.



20 The present invention also relates to use of progeny cells (which can
al so be referred to as expanded cells) which are produced fromthe in vitro
culture of the stemcells described herein. Expanded cells of the invention
may have a wi de variety of phenotypes depending on the culture conditions
(i ncluding the nunber and/or type of 25 stinmulatory factors in the culture
medi un), the nunber of passages and tle like. In certain enbodinents, the
progeny cells are obtained after about 2, about 3, about 4, about 5, about
6, about 7, about 8, about 9, or about 10 passages fromthe parental

popul ati on ey h o] I i ne ter. an unber of
passages fro?ﬁt he%%h%hﬁv}%% QS% %ﬁ,l, Isefeg%)fo %hm%&? QQ ?Iilslusf é‘g

obt ai ned bﬁel{iﬁtﬁtﬁ?ﬂielf@@v@lﬁ hwhwlgxal wher @etwé@ﬂwhbelfﬁﬁe lsﬁﬂdtrmléhlumo bas used in

reference tigi®d 6¢tHeoBAl tttxyp@poseaqwd&sgﬁt'h&u@ REReNaNES o@fthet taﬁge@ﬂmépn”ent

surroundin xture of
phases gndgrOtt l%r@éﬁé‘amR}Sd‘ga alnﬁra%hﬁéogqlﬁﬂd@' éig\%tﬂ nga. I“F tggs liquid
medi a 35 t Paieplelo Fantnstanse, sSTRQEM cajls qwedwce Meg‘tﬁetelaﬂsmea;qacd m@l,gwhat i nous
medi a SuchiaBsleadith a AU &%& a&el saitmuadﬂéb&i?' ds %%Hniﬁ@& by ¢TSS aIlla@sfsﬂ m

"medi un al.so re @J,tna use.in a.cell
cul ture, b‘éﬂ Hop- fbf‘tgﬁth%?g D tPE"(JJC?F? &t gtH &%\t t ?F?]é SOPLitutp pt 6?aﬁ%r wor ds,
a nutri ent about 616 o thedngat epglntgdabaiked bawt wanral noubtusteer caedls@omededim 12
Simlardy, i sPaf?M%%an{HIé(t Hy %thtep%b&m&@ntg‘ )%?%hﬁ’“ defls ‘é@ﬁs%\’:uté)'ét é&leibgln! qui d

becones su bl or ce) | wder e Lun'. In an

enbodi mentbtldg’ &, %ﬁﬁﬁ/@?@ﬁ %u%telf“*ﬁF at{OBFlt/"hsé l??éftf’r?BHfsl 61(‘” ‘I*Pél‘?aﬁ"\ﬁé’ﬁ?‘i of are

obt ai ned 50fo‘.;ze megbaightfyglabNRBR-bose nagot mommohwrier neltsroontaired figthaagréatg ¢ beads

| abel | ed w Higait £d with
abel | ed wathid hg a%}%@d @&Bb{%@x‘u SFRO. pl c%gs hive’s l\%l\{lgég é Hﬁosp W

20% fetal calf ser%fm utam ne and hat e as

previ ous| y*HESEPT b¥d %les‘brﬁatcﬁo?@fﬂssﬁ’ln (R}’@S)‘Sf a4 Hé YRt i | s

regar disSng "bat¢kgunndt rxamlaljn tdllonkgt. ard FTRO- O eBg rdooghhrizens STRGBH'"EWrded cells
(at | east 1y intBmeI asS S T <t cl ass If,

CD14" CDlSSﬁ%II)B Clef)ig:%g‘)fe %%352 gﬁgyl gn Q%HQF%&%&% Afl I'S possible

t hat undersuEfP?efeéPI@?ﬁO%EMPE%HYﬁbo%érlﬂﬂ qrileps ghapgbagkgewndlescri bed herein that

the expression of different markers may vary. Al so, whilst cells of these

P en i Loe B Rl SO A8l PN A SIREREATa SR REPH Mot o (ERE> 01 10

nean that there | s ortion o 0 not have

this pHendeypegeific elk@irneeklmﬁﬂraéasea gramples deth tagecsPmppsee fsalived cel | s
mt'slyl lbehccgso)fomi (L&m the ®bed r@@orﬂfT‘@MPﬁ\taﬂ& ,thfmlaﬁfeiﬁbfﬁﬁﬂx | (R A lqu Ihﬁai nvggtiI on
StlI av C at.e I n er ce n
one enbod?’?fctg%?ed AN ex %ﬁd@ﬁ%ﬁﬁ %‘31 &Plao%arﬁ Y %f 3 %re gd n&bﬁglg}se%gf th
i nvent i on To6HhAS §%9s1 lmeémnsrefﬁrﬁemea nndccuﬂeeezétchze%bm@rt@ PERPet antitodst | east
50% | of thedeedd ﬂfeehy@ﬁad'ma cell mmeraef;cméd quglmemn 1@@&&’9&}%?5 Callh I

opu 1 0 on co S erein
DOPR Ot bR isPas BF M oodsper: e Rader BpohacRRRna e By 1T I 1

further ed®®di ment, the progeny cells may express mar kers sel ected fromthe
group consi sting of LFA-3, THY-1, VCAM1, ICA M1, PECAM 1, P-selectin, L-
30 seI ect 3G5, CD49a/ b/ 9, 9c/ 9, CD49d/ 9 CD29, CD18,

int E&j‘?*f ST, 1 oS GO fEelest B of GRe BRERY R, EGE- R
IGFl R, I\IGEHCFgemFGFIRE Leptin-R, (S IRO-2 Leptin-R), RANKL, 501 bright and
CD 144y or any corrbi nat i on of these markers. 35 In one enbodi nent, the

pr ogeny c l.l's ti nti al anded MPC Progen VEMPs). as .defined in
W0 2006/ 053085t l\%ﬁé % caaf BEPQP?ER @ rihg HWE@O&&BEH épé ‘fPs"aB%blﬂ/ﬁ& from

whi ch pr o@é“m;enmirpn bietodk rlease tva difedes geinb deed. NNVO gl il 26Bnpdescof\Whe
2004/ 08561%gés% Hhidhn¥ 'xﬁlflf?pcﬁ%faiaéélls W&Sb%&hmfﬁﬁq}lé{u@b&{e%@dﬁ}soﬁs

cells; hepatocyte progenitors, which are multipotent for bile duct epithelial cells and

35  hepatocytes; neural restricted cells, which can generate glial cell precursors that
progress to oligodendrocytes and astrocytes; neuronal precursors that progress to
neurons; precursors for cardiac muscle and cardiomyocytes, glucose-responsive
insulin secreting pancreatic beta cell lines. Other lineages include, but are not limited



13 an absolutely pure preparation and will generally be present with other
cells that are tissue specific commtted cells (TSCCs). WD 01/04268 refers
to harvesting such cells frombone marrow at purity |evels of about 0.1%to
90% The popul ation conprising MPC from which progeny are derived nay be
directly harvested froma tissue source, 5or alternatively it may be a
popul ati on that has al ready been expahded ex vivo. For exanple, the progeny
may be obtained froma harvested, unexpanded, popul ation of substantially
purified Mg, Bl ; ; 5 50, 60,
70, 80 or %?@gﬁ?ﬂﬁbj%1&%%??gk§ ﬁ%ﬁgmg%gdﬁg%ﬁgﬁﬁ?%mﬁ%@%ﬂggﬁégﬁ%Pégﬁresent.
This | evel oReVRgyrefeal pigrieatpihelal pelis,Brpblasts slinselisuieh pykarainogres, s t hat
are positi wenfidtc atlls| asistfolticie dvHs k@nalséloe ehmieklihY 6dls} b@o@hﬁzﬁﬁ aensdisting of
TNAP, STRO- + THY-1, 46_and ST1 2 e MYC starting
popul ati_on r}rlrltgstydebgéinge’rtfals%/@@%h(]t ﬂrgﬁ?ng%ls’ ovr?é%% ?:)arr er@?%e]tl%[sése& F’i}g%f’s gamesl 5yt i n
WD 01/ 042 astaﬁﬁaamaémeew@sf%s@astn oy Bores, mardiswmuddat sthoghl pusdd, | s,

adi pose ti skeletaRneuslel NperletePOrabans, NByitBelil,0a0dhly AdutdRaRdbfRzote! Iangue,

t eet h, dentoﬁ% &%ﬂ{h‘%b gléll{g, iver, kidney, heart, retina, brain, hair
follicles, 1 tes |n§, ?uhg, spl een, |ynph node, thynus, pancreas, bone,

| i gament, bone marrow, tendon and skel etal muscle. 20 MEMPS can be

di stingui sieen Emosdimes e YtoRPENBSIRrMRES theedrat cifaBl A@rReRItibye for the
mar ker lﬁTRg}l)eé;{?l egnd negative for the marker Al kaline phosphatase (ALP). In
contrasSt, ftres V@'isolated NP?Cs are positive for both STRO | bri and ALP.
In a preferred enbodi nent of the present invention, at |east 15% 20% 30%

40% 50% Bbarfo@¥%:r efiB8imB&Ythe 9N DoteRBI0 s ap@n(ﬁ‘é%a'ﬂie%i%riﬁﬂréﬁgé, Iuﬁoxhave t he

phenot ype ri. ALP. In a further preferred enbodi nent the MEMPS are
positive f(éslgﬁolﬁé’%?‘e%t?%m%tf“teﬂﬁ markers Ki 67, CD44 and/or CD49c/ CD29,

VLA-3, a3131. In yet a further preferred enbodi nent the MEMPs do not

exhi bi t5 TESREmAGALL Vb B HhetiM 8 SPRLAI Aok Ha tﬁa_edeﬁ%d@am%uﬂ%ssép In one
enbodi ment f' W t n angélogenem s related

the cells are taken from a patien a :
di sease, ctl ?rﬂgrgﬂ’ P J5iHs OIFEI%FW& r@fi‘élﬁd‘ér‘ﬁeq HeHhPipadst s5ige dumchidtered to a
patient aspa@matelis@dijogols: pefeakd egbodinent thanapl ‘adtlt" deferatw @dubicntbi ve
enbodi mentis peablisral PRCAf, TRIL & ubBBER ARl IR BHERE HEd pldnes are

used. In aér‘uot htefr Liseful enbodi nent e 1 nvention, cel a non- human
ani mal (or"9F 2¢HB%Pati ent is not a human, from another species) are used.
14 Théli nvention can be practised using cells fromany non-human ani nal

speci es, i1l Hei-No: : i1 - i e ul ate,

cani ne, fe%r?é,ggeﬁglggér{r%? ﬁl%fs_o #%%Fg%ﬁ%sg&fgﬁ)%e%%ﬁg i(‘g wf(;:rg%‘l} %1_8(?!5% ?er];% éeagcel S

wi th whi cHo taﬁéxli’%‘?@%?fi”éﬁwh’&b apreP9eved riFase theno oo civre af Berféam elifi ted to

(C:]elj | \SN) or ddlamibaanmm. tradpanted, colis Wm\}ﬁ“ﬁ"ww’e @Rﬁd@%ri@tfyg@ﬂ Ne}N or g

r : c t.h. .ch t.he.inventio per f or ne

el ue DTS deblhBh Bl oG dRE S S e

capri Res, Siglefay fackss fmthe culfere pnesiem), thedember of passyges andvtieclket hla i nvent i on

an Pe penéxwimmbbmme%d@ﬁmbgog@ﬁf chInt afrb :om'atn%@ after BRUSE, abbaﬁ%,h%mﬁ |toihg,
anster a anpl.es. of .| agano speci Wi i e

vent | on S bl 6 sby oiBTRSC Endil o BORRDE PE aBREEHS I ol r R e ¢ s,

hares, coPeRtion Howeyes ibhpregenisisils may andbipinkésiter@hy okwhe of@adshges gal | us)

are an exaoplitRe pire@hl RylRRoEPECi s with which the invention may be

perfo d. Cells useful for the nmethods of the invention nay be stored

before use. Methods and
The progeny cells may be obtained by culturing in any suitable medium. The term

"medium”, as used in reference to a cell culture, includes the components of the
environment surrounding the cells. Media may be solid, liquid, gaseous or a mixture
of phases and materials. Media include liquid growth media as well as liquid media
35  that do not sustain cell growth. Media also include gelatinous media such as agar,
agarose, gelatin and collagen matrices. The term "medium" also refers to material
that is intended for use in a cell culture, even if it has not yet been contacted with
cells. In other words, a nutrient rich liquid prepared for bacterial culture is a medium.




15 protocols for preserving and storing of eukaryotic cells, and in
particular manmalian cells, are well known in the art (cf., for exanple,
Pollard, I. W and Wal ker, J. M (1997) Basic Cell Culture Protocols,
Second Edition, Humana Press, Totowa, N.J.; Freshney, R 1. (2000) Culture
of Animal Cells, Fourth Edition, WIey-Liss, Hoboken, N J.). Any nethod
mai nt ai ning the biological activity of2the isolated stemcells such 20 as
nesenchynal.stein%grqgenitor cells, or progeny thereof, nmay be utilized in
Y HePP

connect i on A &% anigtiure theh tvhem mikedl with watest e other lapidddesvrrs, t he

cel I's are muitaltiafoneell anres bRy 86 tebMedis M def ndAr@Ser vation. Cel | - Sorting
Techni ques 25Cells useful for the nethods of the invention can be obtained

using a variety of techniques. For exanple, a nunber of cell-sorting

t echni ques Bgn }ﬁﬁib@ﬁmé@ progenyecehysifid dbrl the sefimdavkitie yentidnerrebb@ink® a
property asgaail@ingdNAR-NcIRS e bt &P 8¥ing AEBAGS bRl l@oéll@gﬁ%ithat% ached to
the anti bo@yfR an aQi 0|tlised. Thi a i aq%h/ﬂg gegn a ‘g,net |ocet;6)art| cle ofF a

f1 uorescent nol ecule. Vo RIAET do g "ilpp egiegsEith Povedatal gelh sersw, t hat t hey
f or m aggr egad S -gntamiriet ang| 1§0em| Il-sscombhtechplarsphate papratibesipyledchBid (s8ensi ty.
Al t er nat i vekronthdet antiobod et HBY4 1%?;2 gﬂ Lgnary matrix, to

whi ch the desired celtl ssygghere. Ie%%zsa?%rrae r%é%g%%%%g?l%ﬁt an anti body (or

ot her bi ndi ng agent 3 t hat bi nds TNAP+, 35 STRO 1+, VCAM 1+, THY- 1+,
STRO- 240 3lpane nerGDi4B expades edlst (at lesalafite s tlassags) ban vy ef erabl y,

oot L P pChR I ks b BINGBAR0 hikh R ) 25y |00 cBR Pl o4 oot L

i solate the o%lﬁl,‘lﬁ 0 212 Various ne deparaling an ' und cells
from unbouhd &e % ard®GYSmit ISpRoesiple £he| wnder fidlernt cBuine roudidorota he cel |
E) or an aﬂtméﬁes?ﬁ(y{ble; hereintsigad ye eccmélhal biadifftreitnalets HagRa htexhlgcﬁ:vs‘hﬁlstlsepar at ed
y a nechapilgaf theR!ghed s Ci sence of. the. | abel.
Fl uor gscence-agt | %gcg cel F“ag{?}?‘%dgr g{ager%%}\}ée%eﬁc%glcvﬁu 5%@%‘3” i qoes P?ﬁt 5 one
embodi ‘rent™ Ant 1P TREAP Bt Sodtied Bioarsen 0f heRells et dpouitdmvartbisat t ached
t(r)] a s;)I i qnhg?fg?(s) (foVexdnpls aésgia@l@eazerﬁ@gvdﬁh@é@aﬂdgaweﬂslrﬁa;li il%nét@gg,flns kibl I di n
e art, igae B erbl; 0 arose S ol ystyfene beads,
hoIIOM/fi%ﬁgﬁnenbnéﬁes “ﬁ%ﬁy%égk%gaﬁ§‘%ﬂggevgn%%&§ﬁﬂﬁvgﬁ5§¥me%ﬁw@ that are
bound by ft QHPF%}BWI grntisell eebved from the cel | suspensi on by sinply
physically separating the solid 10support fromthe cell suspension. Super

par amggnefs ] tJ.C e used for,.cell s rations. For exanple,
Phe mor opmc 1S N mRa O el o e B e BB e R STRO 1
ant i bodi eS8OMAHRES SEHS BRAGNtah fRgeicR S %e uper melfeabiygdeastS0th coftharcelicdres may t hen
be i ncubaCé@+wi th a 15solution containing the cells of interest. The

m croparticles bind to the surfaces of the desired stemcells, and these
cells can_then be col|lected in a magnetic. field. In another exanple, the
cel | sanplfeapathes) qmehodimans phyxicoddd yelk popaaiton Gsed iexberplethoda fathé d

phase2d i nkeehtantdompNAR eDNRBLLMA: 188E iBYIhES RNEL8ly ANt S nocl onal
20 anti bogj | i d- phase |inking can coﬁrrpriasg, forS i n}gtqéf#géer?
nﬁﬁres 39
adsorbing the antibodies to a plastic, nitrocellul ose, or other surface.
The anti bodi es can al so be adsorbed on to the walls of the | arge pores
(suffici entd Surthar gRbSEBmMBR! Hetprbd@¥dohf AP xBlesS Blabid)s Qech: fi ber
menbr ane. r@%)t ‘&gﬂ%ﬁ%ve%i Aéﬂe;%%i gp(gsilée gar)l{B{?g cgvlg?sentﬁc dlh‘?(%rbg%éto a
surface of ead, e kT A Achat i a %ﬁbr@s”é\’fﬁld@@%ﬂ@ cwipstinThe
30 selectin, 3G5, CD49a/CD49b/CD29, CD49c/CD29, CD49d/CD29, CD29, CD1i8,
CD61, integrin beta, 6-19, thrombomodulin, CD10, CD13, SCF, PDGF-R, EGF-R,
IGF1-R, NGF-R, FGF-R, Leptin-R, (STRO-2 = Leptin-R), RANKL, STRO-1"&" and
CD146 or any combination of these markers.

35 In one embodiment, the progeny cells are Multipotential Expanded MPC Progeny
(MEMPs) as defined in WO 2006/032092. Methods for preparing enriched
populations of MPC from which progeny may be derived are described in WO
01/04268 and WO 2004/085630. In an in vitro context MPCs will rarely be present as



25 exact conditions and duration of incubation for the solid phase-|inked

anti bodies with the stemcell containing suspension will depend upon
several factors specific to the system enpl oyed. The sel ection of
appropriate conditions, however, is well within the skill of the art. 30

The unbound cells are then eluted or washed away w th physi ol ogi c buffer
after allowing sufficient time for th8 stemcells to be bound. The unbound
cells can be recovered and used for other purposes or discarded after
appropri at en @IEsluteﬂngpuragrdpeteﬁordmde/viﬂcgemasllyrtm frésent witteottlesieethatspar at i on had

been achi eygge s -E%CQ%')%&%‘JJ@ ’l%r rrg @@@@ §tr&grsft<5 f?em/%sur %ﬁﬁkx phase by

any approp |ate nmet hod, depend 1[/) the na e solid
phase and H® baAt meBAY atlﬂB’FtY&YQIﬁﬁf®°ubQ) frdo E8Yo éfhé@ﬁptﬂ@twémmﬁsmg om a

p: atst :j C PeMPC fidrs vhish pv‘tb@ﬁ? @ﬁésdeﬁﬁécirﬁi}l IS tirebll¥ BAroettdd iRy a tiRQY @@htr@eel I's can be
el ute nlc an_e sensitive "spacer
16 seq usgﬁc(grr%xg%%?f{ s oI PGP Lﬁ%ésn Ceﬁugglag?elﬁead%ﬁ?mﬁéw %E ¢ETs bound t g

agarose beads are commercially available from for exarrpl e, Pharmacia. The
el uted, erffdreRenplt,(BEpiofehyahayclt dbSailBRYrdn @ Rarkest R ERNEGatiel hopulatid er by 5

centrlfug hedfract S in a viable
state for ag&rta%ﬂgljécr%igrﬁw CEPEIhTE ??SB%thtﬁﬁoﬂg&g cﬁﬁ’t fe expanded
and/ or i ntQ0pdS8@r PiYerftatal oplhs ofshe porChtipo &1 whioh $iegats pheheiiniBislatdlon Ther eof
10 Typiocalmhyy betdBictd, s RiRplalY s@le@tﬁ Bcdin titat &Qﬁioé‘iﬁ@@ﬂ)trhﬂ@ist ggposi tion

conprisin har maceut i The phrase
pgr maceq’fll lt({:eélsf%ﬁdg%gr gfbgrgup ?‘5\55%] %ﬁ%@s‘ﬁ%@ﬁpo&%@%ﬂ ﬁ@%‘%dr ral g

conposi ti J%Y-laﬁﬂﬁﬁﬁardb%ﬁ orms which are, within the scope of sound

medi cal judgnent, suitable for use in contact with the tissues of human

bei ngs and. anj Iswlthotexce5| t pxi cit irritation, 15 allergic
response, %8?_%3?“’6?88? ?Hoélﬁn%'gt??rﬂepﬁ?ifﬁ?}ﬂ angy, G RQIF HFMe WRERSS r easonabl e
benef ilf / r pgkin Vé®i0d /0426 opWiCe2084/08 iedOnpaneely baad tharraw,clepibbilecdlay ri er” as
used her eh&p@&@ﬁ%e%nﬁ@%ﬁ”&% gé&%’&é’m@&ﬁfﬂ&ﬁ%ﬁ%oé@ﬁs@ﬁé @éeth gamRosi tion or

vehi cl e, ch as or s ent, e nt, or sol vent
encapsul af’ RgSkrlﬂathé’Fr gﬁ“&@%?ﬁﬁ‘& F‘Pc}%ﬂlq @?H’&%‘ée‘meétﬁ}e UE&WSP e&hs i ncl ude

sal i ne, abuabumdbuhyens, palcras,dse, lgemeanbsie neemohig tendos pet skeletal medi a.  The
use of sughsgarriers are well known in the art. The solution is preferably
steri%(f and fluid to the extent that easy syringability exists. Preferably,
the sofution is stable under the conditions of nmanufacture and storage and

preser vedVai)éPhedn tehdistmgnisiadd frvah froghlpbdri@redNIPO3 b taatiganirs pasitbiech as
bacteria god eaéféﬁé}%gé@ 194 B&%ﬁvy% Y xﬂa&QJA&é@{?}Jh%%px@ﬁE@@ﬁkﬁg n
contrast, freshly Isolated MPCs are positive for both STRO-1"" and ALP. Ina
preferred embodiment of the present invention, at least 15%, 20%, 30%, 40%, 50%,
25 60%, 70%, 80%, 90% or 95% of the administered cells have the phenotype STRO-
1™, ALP", In a further preferred embodiment the MEMPS are positive for one or
more of the markers Ki67, CD44 and/or CD49¢/CD29, VLA-3, 0a3p1. In yet a further
preferred embodiment the MEMPs do not exhibit TERT activity and/or are negative
for the marker CD18.
30
In one embodiment, the cells are taken from a patient with an angiogenesis related
disease, cultured ix vitro using standard techniques and administered to a patient as an
autologous or allogeneic transplant. In an alternative embodiment, cells of one or
more of the established human cell lines are used, In another useful embodiment of
35  the invention, cells of a non-human animal (or if the patient is not a human, from

another species) are used.



Sonme exanples of materials and solutions which can serve as

phar maceutical |l y- acceptable carriers include: (1) sugars, such as | actose,
gl ucose and sucrose; (2) 30 starches, such as corn starch and potato
starch; (3) cellulose, and its derivatives, such as sodi um carboxynet hyl

cel lul ose, ethyl cellulose and cellul ose acetate; (4) powdered tragacanth;
(5 mlt; (6) gelatin; (7) talc; (8) ®xcipients, such as cocoa butter and
suppository waxes; (9) oils, such as peanut oil, cottonseed oil, saffl ower
oi l, Sesal‘ﬂﬁth{/enmi icwe beiﬂracttsed mSlﬁ'glceHmdroSﬂyxh)_,eam-hhﬂnan (ehial gdpyedes, s, such as

| t ol
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phar maceubdeales, fRIHTY @bHRRS equines, ﬂ_ﬁ'f?alcp had Bﬁ@@ L{{dcﬁﬁﬂ ceﬁl@ rPigs whicAnge usef ul  for
ic carrier

t he met hods of t he nvetloH Y g rise gqc))&/ X or
ext racel | UVERUGREREY RS PRIQFHIS e‘fqa & Oy B¢ 34 B{l}f’i f Wﬂf%é?r eV P¥ mat ri x
mat er i al sh{mste. gndsgettidcglapPrartplenof lagesorpbispéaidyi witlh vwdiietie vieention dr essi ngs,

and bj®l ogj,¢ald ﬁ%rﬁx@!i 1ﬁ§1§t§,§ Qib%ﬁ%c@ﬂ’e@ rﬁbﬂlfsa R £a@bitd)SHRirdsN cblbriailsNvent i on.
The matrix ma re ceptabl e for. use in 10 in

e c
vivo appl ?ILO&{SF Té‘b oAy PHRE: |ﬁ§j°]€"%é f’lzzé? ‘%fﬁ gu?:rﬁ aﬁe‘ifia’@ah Of ALRUH abl e
and/ or bi glecigé with Whicanthgiysitioh agiydbalpesforaedept abl e or conpati bl e material s
i nclude, but are not limted to, solid matrix materials that are absorbabl e
and/ or non-absorbabl e, such as small_ intestine brrucosa}%?ﬁx ?% (g
por ci ne- def! is\}%ﬁﬁf‘lkg’ﬁéf‘edf’ﬁé?dsglf@%’@ﬁ?@é’g)may&e&‘g? ??%r& St 88| i nked
al gi nat e, prbyoedele €al gresetling aringorinpalfleakpenotipede]ls,canlllia geticuliSmsponte)
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dressi ng, Dbi’oadhesive ]( %: g |31) and]\g
de- epi der@dP2BPBasic ﬁelb@l 5| RS RiogOls, rﬁeéﬂ@l Efilt‘ﬁﬁvr]éu‘iné@ﬁe}r)@ S H% % Nyfues are a
cl ass of Busgeg®. ISeMd® TusuwhirAhifhame:lkerourthsRidtidn) Wikeyilass Hobolencal 20

settlngs N4 k@g@lﬁécﬂ& nAHHLLRHS RBbiCh B AYAFRne RUARAMS: saRlaaf S are

useful in ons for u el nventi However, a
pr ef el ecFSeWW@PIPWI wem/prreenifre pliso 9T rEPERNEs thersoh hiayiske ##iliFsdoil n gl ues

with the &)ﬁhécﬁoﬂ@ﬁ&r ahqueéaﬁtr ﬂﬂvaatlo%m/\b@@ pig@tbdhenisidimérte tHeexelis afd brin gl ue”
refers to the.i I X p the cross-linking of fibrin
n

pol ymers TH" ttaﬁlggﬁl? Sg%rﬁggyéﬁm%ﬁﬁy&pﬁ?%ewg S The fibrin glue may be forned
fromfibrinogen, or a derivative or netabolite thereof, fibrin (soluble
mononer s @i-RliyIesShiqgasd/ or corrpl exes thereof derived from bi ol ogi cal

tiss or tlurd ich To in matrix. Alter i brin glue
nay ég %I@dls?@%% ?lrﬁ?tg%iég%g he dPVGQt‘a%rCF%. béalrcl)?daum boYalmt gﬁ?‘;er eof , or
fibrin, mczhdm@ad Byr pewmiti mannbeNg eadletondizotpphniqurs by BRicH @iltd@rmay al so be

;or m%‘fl b>p ngegaxa&al@nr&éreﬁéebfd 4 Sfﬁbr@né%s@m&éd alifstheofelifddiibbdy gl ue
ornmatl on

n reciated 35
by those CQ F‘ear ?r%alfq%émﬁ?}iedatf’l Flaﬁ fa§‘ ‘?8 eedOIAj' | ca#?l r%e?ggved in the
pr esence nofgneticcattidly st a ﬂsm*ceatsmbllac\dam’fhe)anamﬁlmn&bebq easy dfspedy
MONORJ . ﬂ?_aﬁ'ethé;ﬂ foﬁn“ gg%g%@ro% Vipfe&is f il Pl >éé§‘afa%1é/\/ey0chelmyns¢t{yoss link to
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desired cells adhere.

In a preferred embodiment, an antibody (or other binding agent) that binds TNAPY,

35  STRO-1%, VCAM-1%, THY-1%, STRO-2", 3G5%, CD45", CD146" is used to isolate the
cells. More preferably, an antibody (or other binding agent) that binds TNAP" or
STRO-1" is used to isolate the cells,



18 as Factor XlIl. The catalyst of fibrin glue formati on may be derived
from bl ood plasma, cryoprecipitate or other plasma fractions containing
fibrinogen or thronmbin. Alternatively, the catalyst nay be produced by
reconmbi nant DNA technology. 5 The rate at which the clot forns i s dependent
upon the concentration of thronbin mxed with fibrinogen. Being an enzyne
dependent reaction, the higher the teHlperature (up to 37C) the faster the
clot formation rate. The tensile strength of the clot is dependent upon the
concent r at Veriowsf méthdtsi afageamatingedtibddytioend telfs foorm nnpdund celidamednbeds f or its

prepar at i opga tﬁ't{]gntgo%af rb'o@l?djtd g'# L#eﬁ' Q’OP af- anMsotgj %ﬁrbé@% o 5 Pat.

5, 643, 192 dISC action I nogen an n° conponents
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then separated from the solid phase by any appropriate method, depending mainly
35 upon the nature of the solid phase and the antibody. For example, bound cells can be
eluted from a plastic petri dish by vigorous agitation. Alternatively, bound cells can
be eluted by enzymatically "nicking" or digesting an enzyme-sensitive "spacer”
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In certain enbodi nents, the therapeutic agent may be a growh factor or
other nolecule that affects cell differentiation and/or proliferation.
Gowmh factors that induce final differentiation states are well-known in
the art, and may be selected fromany such factor that, has been shown to
induce a final differentiation state. G owh 5factors for use in nethods
descri bed herein may, in certain enbadi nents, be variants or fragnents of a
natural |l y-occurring gromh factor. Conpositions useful for the nmethods of
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monomers or polymers) and/or complexes thereof derlved from biological tissue or

fluid which forms a fibrin matrix. Alternatively, the fibrin glue may be formed from
30 fibrinogen, or a derivative or metabolite thereof, or fibrin, produced by recombinant
DNA technology.

The fibrin glue may also be formed by the interaction of fibrinogen and a catalyst of
fibrin glue formation (such as thrombin and/or Factor XIII). As will be appreciated
35 by those skilled in the art, fibrinogen is proteolytically cleaved in the presence of a
catalyst (such as thrombin) and converted to a fibrin monomer. The fibrin monomers
may then form polymers which may cross-link to form a fibrin glue matrix. The
cross-linking of fibrin polymers may be enhanced by the presence of a catalyst such



10 Production of Genetically Mddified Cells 1In one enbodinent, the cells
used in the methods of the invention are genetically nodified. Preferably,
the cells are genetically nodified to produce a heterol ogous protein.
Typically, the cells will be genetically nodified such that the

het erol ogous 15 protein is secreted fromthe cells. However, in an
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Suitable polymeric carriers include porous meshes or sponges formed of synthetic or
natural polymers, as well as polymer solutions. One form of matrix is a polymeric
mesh or sponge; the other is a polymeric hydrogel. Natural polymers that can be used
include proteins such as collagen, albumin, and fibrin; and polysaccharides such as
30  alginate and polymers of hyaluronic acid. Synthetic polymers include both
biodegradable and non-biodegradable polymers. Examples of biodegradable polymers
include polymers of hydroxy acids such as polylactic acid (PLA), polyglycolic acid
(PGA), and polylactic acid-glycolic acid (PLGA), polyorthoesters, polyanhydrides,
polyphosphazenes, and combinations thereof. Non-biodegradable polymers include
35 polyacrylates, polymethacrylates, ethylene vinyl acetate, and polyvinyl alcohols.

Polymers that can form ionic or covalently crosslinked hydrogels which are malleable
are used to encapsulate cells. A hydrogel is a substance formed when an organic



Vectors may include, but are not limted to, viral vectors, such as
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viruses; cosmds; plasm d vectors; synthetic vectors; and ot her
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35 Ot her suitable vectors include adenoviral vectors (see, WO 95/27071) and
adeno- associated viral vectors. These vectors are all well known in the
art, e.g., as described in Stem Cell Biology and Gene Therapy, eds.
Quesenberry et al., John Wley & Sons, 25 1998; and U.S. Pat. Nos.
5,693,531 and 5, 691, 176. The use of adenovirus-derived vectors may be
advant ageous under certain situation ¥ecause they are not capabl e of
infecting non-dividing cells. Unlike retroviral DNA, the adenoviral DNA is

not i ”]E egratieidfetiimes, hﬂitﬁﬁnggenqmcaf artthﬁfdcﬁg@?tanﬁﬁkdl topi¢hlt Bet-infédii®ez apaci tyI to
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and a nunmesrigf dlﬁehwwﬁ&a aﬂeacmyeetr&%nre M@&ﬁeﬁ@f dhd hﬂ&&s@ﬁ'&’% ts‘, nto
different cell g\ggxn ?R‘?? gdeno assomieilltF iral vectors, one
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is a pol ynualsmabdida ami 1%&9&%6&5 %ﬁk@ﬁ%ﬁﬁné@% ts, %lp i dHEPURR  gene, a

t her apeut i or a cytoki heroki ne gene. ectlve mar ker may be
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such as 1@ ona ga i ve sel ect’ion e used,
for exanpf a{faﬂe& ép?ffheﬂesa rfﬁWéFqusa“teﬁéetHSVb%r ityaiseintrayrneusy atrsthgiest nmake t he
cel | s senbetzodiezdpme2iragadssaresthéticasamiCyiihte \dgonisinilirgesnoyc iiegtheticsThe NeoR

(neomyol nhGhfle! ealast ARSE): ORRRLS, CORIDRLY atiifl by, A GenYRRLet mar ker

gene nmay be used ose gene Seq uences are no resent Inthe tar get
cel | can B¥teRsEgPid FdreRE BLHER- 4“idfﬁg?1ilsngjm85?aﬁﬂi9géf§s lwequa Oosw #etsnity Nerve
G owt b5 Fasitchr a§ NGFR)nogkbhilie eﬂxrﬁlkrld@[@&&ﬁﬂés gfoeeﬂds pragdl evarcinEs; GR)cal
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(HSA), nurine genes resi s ance’ to
pur onyci nmﬁfcubﬁkeé@ﬁlyégeﬁts s &%ﬂ’@tl'ﬁ@ttc?élitldaﬂgnmﬂ?éy aafmt% |°8ﬁl§PSt®‘@}dynucl eoti de

sequence(aji-inflyminetorynt r aghaed igoldo t fenpahd omntlhﬂ]mor\yectagren@,r may be
intr Oduce%ﬁﬂ%&gﬁ)ﬁ%gbg %Itltl- n%{gm%na?&y %g%%g Orpo%ﬁtere c?ja? antl-x a%m’?’ago&r& & T ed

enbodi nen €’i'nc € sane’vector as the

pol yrfl COISATES) T Tabcylate swhtinflanmationgelts oméﬁr?éﬁ*{p@ﬁis sitargian esichadd y

nodi fyi ngvitahen Al GitRiie B, FRGHIAIT, Sl BRARMBTOUNdgaRGInSCh that expression of
t he endogenous gene is up-regulated 35resulting in the increased production

of the encoded protein conpared to a wild type cell.
Examples of other anti-angiogenic factors which may be used with the present

invention, either in a single composition or as a combined therapy, include, but are not

25  limited to, platelet factor 4; protamine sulphate; sulphated chitin derivatives (prepared
from queen crab shells); Sulphated Polysaccharide Peptidoglycan Complex (SP-PG)
(the function of this compound may be enhanced by the presence of steroids such as
estrogen, and tamoxifen citrate); Staurosporine; modulators of matrix metabolism,
including for example, proline analogs, cishydroxyproline, d,L-3,4-dehydroproline,

30  Thiaproline, alpha,alpha-dipyridyl, aminopropionitrile fumarate; 4-propyl-5-(4-
pyridinyl)-2(3H)-oxazolone; Methotrexate; Mitoxantrone; Heparin; Interferons; 2
Macroglobulin-serum; ChIMP-3; Chymostatin; Cyclodextrin Tetradecasulfate;
Eponemycin; Camptothecin; Fumagillin; Gold Sodium Thiomalate; anticollagenase-
serurm; alpha2-antiplasmin; Bisanirene (National Cancer Institute); Lobenzarit

35 disodium (N-(2)-carboxyphenyl-4-chloroanthronilic acid disodium); Thalidomide;
Angostatic steroid; AGM-1470; carboxynaminolmidazole; and metalloproteinase
inhibitors such as BB94.



26 Delivery of Anti-Cancer Agents The term "anti-cancer agent" as used
herein refers to any substance that inhibits or prevents the function of
cancer cells and/or causes destruction of cancer cells. For exanple, an
anti-cancer agent can be a cytotoxic agent. The anti-cancer agent may be 5
conjugated to the stemcells, or progeny cells thereof. In an enbodi nent,
the stemcells, or progeny ceIIs t her’dof , conprise a transgene whi ch
encodes the anti-cancer agent. The term "cytotoxic agent” as used herein
refers tolh CE{#8MROdimeunts then Hhempeaticopgent gnayr by engrowiihdadtamet other of cel | s

and/ or CamuHESibﬁ bfEédto BeIDH1ffe@én|t1§tlonTBxﬂi/étef)ﬂéllfe%atioﬂt @?Q\Qﬁl Brot@lapide
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t ransgene t hat .has been 1“%kFet| cally nodified. In a preferred

enbodi nent’, éat ﬁ{flanégﬁélgroo%ﬂggﬁ@t 't he stemcells, or progeny cells
t her eof . Exarrpl es of such agents include IL-2, int erferon 7, anti-VEGF
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agent . T@ﬁ@@ﬁﬁgtlog@“hlggg}ﬁceh?r ein is used in the broadest sense and
specifically covers 25 nonoclonal antibodies, polyclonal antibodies,

nmul ti specific antibodies (e.g., bispecific antibodies), and anti body
f r agment Scongwsitiong usesult hetheandthdst oft the prtesit iedntivro hag ibeqirepaﬁddi yarty of, for

exanpl e, ek&hrﬂﬁil'e ngy ase&%ﬁ @tlh{he ﬂ%@écp Qgiseggﬁa%e bcglotg}ér #nr diy nelalxgpr, humani zed,

chi mirl C, C?lel’l ved er specl es conprise a
por ti'dn SpPEReine thnéﬁgfhﬁ d&ﬁfﬁ dotodfiongs estaraly Tffﬁeceahmagéw silimenied or

vari abl e ané/gi dmnpérbowadf thebouanpd @sdiof, antekhaply, by G@I&ﬁﬂgz&xohnﬁluud@x Fab, Fab',
F(ab) 2, andemaohaggents; diabodies; linear antibodies; fragments produced
by a Fab expression i brary anti-idiotypic (anti-ld) antibodies, CDR
(conpl enentary determ ning region), and epitope-binding fragnents of any of
t he abov&hekiiléd ABsamoan esgite détbeahd me hidtnt oF ceGRINopEiehdl cafiti(§ans,
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t her eof ~ HHi afiitees O@eadég’@a tﬁéhec%ﬁﬁ’(ﬁ? @Rﬁ/(@)) mpﬂe@li rrwm@mowpﬁ@rﬁ)@a ita A chain,
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toxin, e from Pseudononas ru hai n, abrin
A chai n, pre Eeg\)é nnthe Oi(ﬂ? Cm%?raﬁ Elgﬁ%rlaﬂls S gﬁ%émf %’r%oll ﬁ}”gt ei ns,
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composition to be administered to an animal or human, and for any particular method
of administration, it is preferred to determine therefore: toxicity, such as by
determining the lethal dose (LD) and LDsg in a suitable animal model e.g., rodent
30 such as mouse; and, the dosage of the composition(s), concentration of components
therein and timing of administering the composition(s), which elicit a suitable
response. Such determinations do not require undue experimentation from the
knowledge of the skilled artisan, this disclosure and the documents cited herein. And,

the time for sequential administrations can be ascertained without undue
35 experimentation.

The concentration of the cells in the composition may be at least about 5x10°
cells/mL, at least about 1x10% cells/mL, at least about 5x10° cells/mL, at least about



10Exanpl es of tunor-associated antigens or cell-surface receptors which can
be targetted by an anti body-cytotoxic conjugate include, but are not
limted to, BVPRLB (bone norphogenetic protein receptor-type 1B), EI16,
STEAPL1 (six transnmenbrane epithelial antigen of prostate), 0772P (CAl 25,
MJUC16), M FF (MSLN, SMR, negakaryocyte potentiating factor, nesothelin),
Napi 3b (NAPI -3B, NPTIIb, 15 SLC34A2,22solute carrier famly 34 (sodium
phosphat e), nenber 2, type Il sodi um dependent phosphate transporter 3b),
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PSCA hl g (2700050C12Ri k, C530008016Ri k, RIKEN 20 cDNA 2700050C12, RI KEN
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1, sixtra 55&@@%&%&?' Erﬂf‘a'vbﬁdusa%éc%ﬁl Qfhtradtepint atrgecdion S bk Iisarémﬁarlenbrane
prostate proteln) &Bﬁ & R22450, %%]410me%§% e‘gcerﬁ%)%%e ansi ent
recept or p%ﬁr@ﬁ‘tsﬁrﬁionc B AIRAGSGTEIE, & Ahs (CR CR1,
CRGF, CRI Py @harhichutical t@nmisoioa), Cit mnsgedaallwém @muhawdf iace onit dasggl (CR2
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FcRH2 {4 FGP4, | RTA4, SPAP1A (SH2 domai n cont ai ni ng phosphat ase anchor
protein | adud@BioSBABLBicSRARBEed BBR2, NCA, MDP, |L20Ra, EphB2R, ASLGB59,
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that bi ndsprpept | TeScalindihpoelbentbbé barwtitadly lekifiad $\§chﬁh%ém kaigrolopoyes
(Puri ngrgi cep. P2 a nt 51)@ céMe7chn (1% cel |
di ffepgsnt |p§? tlregln%age? feist ﬁ%ﬁfgg%@n% gﬁ%efésésiﬂ Eﬁl &hﬁaﬁ&l Rﬁﬁ (RP105)),
FCRHL (Fc medifipd @rexmeﬁ?ea tf@}ahnqq profeggrapsodi %ﬁﬁ %‘HﬁF PR %Sas
receptor tggieliogatRIon saslvmcg) adreghtigdnse aligbniEdBRie or zssa@wmasw aFite
invention | s herelbnafter ?{/ﬂq ed by way of the following non-limting
Exanpl es and Vi AP RSt Ende he acconpanying figures. 5Exanple 1:
| nducti on of Choroidal Neovascul arization (CNV) Mterials and Met hods
Ani mal 20Pr e@@feﬁ&dll@ﬂn@fﬁ%d&bﬂ@ﬁh@%lo@ltﬁe& ot thk pedkserkd ofiadieast ahs cyteltive iised duri ng

t he study and t er i ment at corg@ itsh the
Associ at e Fof™ %Eesélffg%enit V?ugpé“ﬁ &nd 1%8% h%ﬁiﬁgrbgﬁi %§%t ment for
the Use ofmedifiecabadlsithusQptiained mzbamlépd\ﬁf@ﬁwtﬂéiéﬁr’é% 3 PanF ¢ e housed

in an isolghed, an%lé@m J}lﬁ‘ofﬁ‘cdtérle& Yor' IReC@AGES THE nadified|csllpmny dbageyeddty a
constant te ght/dark cycle (light on

at 0800 hdﬁngcj Sé‘f?g‘ 1‘1“888 Héﬁ‘ﬁ a\‘?\t)a? 51’ ﬁ%ernénggulgﬁlg% ad libitum Rats were
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0,
Ront or d. - ES4EhATES THRYEI by CREDT® Begd %B&W%ﬁ%mm%"f e fes
bef or e | askscriphdthemtaguatlifaation of pavndogsadus ginectitindhasell pKSOT aphy .
Asepti c t ek GUES inMBIdEs MR eIndtHnatea ROMnstifRioR QVikA %e@fatédh&n@ﬁépeﬂ Hosent s.
30 DNA from a host or donor to a recipient, either in vifro or in vivo), transfection
(transformation of cells with isolated viral DNA genomes), liposome mediated
transfer, electroporation, calcium phosphate transfection or coprecipitation and others.
Methods of transduction include direct co-culture of cells with producer cells (Bregni
et al., 1992) or culturing with viral supernatant alone with or without appropriate

35  growth factors and polycations.

In a useful embodiment of the invention, the cells are genetically modified to contain

a gene that disrupts or inhibits angiogenesis. The gene may encode a cytotoxic agent



20 Krypton Laser Irradiation Krypton |aser irradiation (647.1nm coherent
Radi ati on System CA, USA) was delivered to the | eft eye of each aninal
through a Zeiss slit lanp with a hand-held coverslip serving as a contact
lens. A total of 6-11 |aser burns were applied to each 25eye surroundi ng
the optic nerve at the posterior pole at a setting of 100 umdi aneter, 0.1
seconds duration and 150 nWi ntensityas Col or Fundus Phot ography (CFP)

Ani mal s were anaesthetised prior to photography as nentioned in ani nal
preparation 30 and_anaest hesi .The ils were dil with 2 5%
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adm ni stra | rescein. n .an or oi da
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angi ogr ans pyesR sk Mdledie 8id16g;0 JéhnORTBHE Hons ThOIIN&w varid@999)ED fil m scanner
(Ni kon rp., Tokyo, Japan) for inport into Quantity One(r) basi c
densitometry software (Bio-Rad, CA, USA). The relative fluorescence (rf)
for each | é)/¢t91ﬁ nas edideulbat ect aidlifted ¢o,veral escloes; sushulas eginevitisss, convert ed

It (r;t Sefm Z\r/g[ sédeﬁoﬁﬁ%%ser&\i%é-sagﬁhmeaféd'%%st Qfldah \é%ﬁgﬁé& &ﬁﬁ@é %ﬁdeylééHuegiS_ u§ gd
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nean sever Vegiors cornteigingrboth epomott ataclbhing sikoinht shivke r @olyongertiid cmy ANOVA
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significant a | n addj tion, requen esl on score was
count ed, té%‘&‘f”éf% ﬁd’”r YBP LR @P‘iﬁ’fﬁ %%WVCW% a"aﬂa%? Om Sources

such as Stratagene (La Jolla, Calif.) and Promega Biotech (Madison, Wis.). Specific
examples include, pSG, pSV2CAT, pXtl from Stratagene; and pMSG, pSVL, pBPV
and pSVK3 from Pharmacia.

25
Preferred vectors include retroviral vectors (see, Coffin et al., "Retroviruses”, Chapter
9 pp; 437-473, Cold Springs Harbor Laboratory Press, 1997). Vectors useful in the
invention can be produced recombinantly by procedures well known in the art. For
example, W094/29438, W097/21824 and W0O97/21825 describe the construction of

30 retroviral packaging plasmids and packing cell lines. Exemplary vectors include the
pCMV mammalian expression vectors, such as pCMV6b and pCMV6e (Chiron
Corp.), pSFFV-Neo, and pBluescript-Sk-. Non-limiting examples of useful retroviral
vectors are those derived from murine, avian or primate retroviruses. Common
retroviral vectors include those based on the Moloney murine leukemia virus

35 (MoMLV-vector). Other MoMLV derived vectors include, Lmily, LINGFER,
MINGFR and MINT. Additional vectors include those based on Gibbon ape leukemia
virus (GALV) and Moloney murine sarcoma virus (MOMSYV) and spleen focus
forming virus (SFFV). Vectors derived from the murine stem cell virus (MESV)



Hi stol ogi cal Studies Five rats were euthanased at 7 days post injection
with an overdose of sodi um pentobarbital (Nenmbutal) and the remaining 10
eut hanased at the conpletion of the experinment on day 28. Lasered eyes from
two of the animals sacrificed at day 7 were 30 enbedded in OCT nedi um and
frozen on liquid N2 for fluorescence m croscopy and i rmunohi stochem stry

usi ng the CD68 anti body for macrophagg detection. Sections were exam ned
under UV light and inages captured using an A ynpus mcroscope (O ynpus,

Tokyo, Japan%lg%&gEf‘? }}@Lyq.ﬁ%rowrgl chrQEQ%%?dﬁﬁfe%@&r@%e&r%g Nedtiviaddson Wi th a

2 second e¥f $Fom the I‘EITB.I ni ng ani s _eut hani zed at
35 day 7 aad Rf-hwitisg enmplesamemdaﬁ@ptqrﬁ Resd ogrhumap JRrempIpiLiaey, 85t o

buf f er ed sg_ﬁ paIQfHﬁ?/gpar af or mal dehyde. After routine processing through
graded al c the eyes were enbedded in paraffin and sectioned at 5 um
mount ed on Ssi I anated slides and stained with haemat oxylin and eosin (H&E)
for histopat ﬁr@dhmmgaairo‘evaammm doostructs3te RiEsl#ABsPOLEB GTY STIYRGE “Hht ogr ap hy

was used ':1 |ﬁr0g:l heviRds %%gg% Qborh g‘&efns&ﬁan oTsfofdrgrg DINA. Isequenédsuor escei n
angi ogr ap vvas subsequent to do t

f1 uor escei éel}eéék Ty @W%W‘gﬁreﬂﬁ lye&prsing U er}tﬂﬁe &%trlﬂeé’ﬂong Vlra}frsldl cation
of the | evglmefter Ghl\/thdemg oprmingl. repedtt (LAR)c| Seleptian @f)é’@?@ﬁflﬁtén%onﬁf’ day 7
post |aser Q{;&Q{o%? Qe%g%q._ogg Hsoﬁ'ep'e@%nf:@ﬁ &l st @élpu§e@ d¥idl sdleb@dtels withih erkage for

nost of t he oW n is t t 14 a
dramat 1& i #élf ebene infhe NW%‘IO%PTOF“Q%ﬂE%%‘gn B]oasdélll’ 38 ]{}"pral?&é gg? and by
day 28 t hi gellawel Nef-linétaigagemp ke inethde cheliage fasthsle Pémféma‘ijé| he Bematyn| y
slightly c @ﬁs HEITRI e idrd nﬁ@yexflthey scores
wer e subse%@ﬁ%%%% vhg &u a Qémdeateéga %@{%@ | esi C\?@l a(tlfr%g @9[128 days
post |aserMg W@?bi@&'ﬁﬁl%‘ﬁ% Viup £ OH% Aoraig oY T4sy (RS0 8 §r each time
poi nt (Fi gegeRs Eb»rmu‘x’g VTiusl 68FF V)t GenppanAlpeakatge asd:theé'imﬂwﬁ prqmqt% n the

zero t abed. eBlagRci@SoMA Ni mal  at
this plgi A&Idllﬁ I? m%l%lbﬁe 0181§1u1t19 e catr#lr@érﬁ&ﬁé Ry Bgeaekage duect 0 (()ZNV e o

ar
occur in twaﬁlﬁpm%ﬂt"d @eéﬁ%erﬂéﬂ 8%5#5 g %hot ocoagul ation in other
rodent species. At day 14, the nean | eakage score significantly increased

S PR L B SN dar s &

an e\'ﬁlfi SCOr €, of ttg
201 esi ons ffwa@tloazgarmpﬁorﬁ@ﬁéa% &6ns byig nging |°€}h|hf‘? c lie%}%ﬁ’o‘ﬁlﬂﬁi'r B8 F&f he 14 day
scor e 4ol. 9 nstbuclis iBFodhcOdntSihe\whsl@ginh abll, | teakagm] dudenoprofinsipsodyseki ng

P oquency Bt eaet Reglf w3 BEGRAERKRL T MRRABE NI It S S e )
At day 7, sverdSTwntbé colhae mesivens Thevisus 'Q]BS @mum ?aﬁg‘ngé? Bujat H584'%Y | eakage
(29. 3% ZerxﬂtoatHQD@% @P/ﬂqgke{rg'ét oW1 Lt HHR roepRindeigfestiomiviigl potideatincetiv sever e
e L L o Bk B hEHanty ?1%/0 of the
t ot al 4%esiusashavi%andiraBiecdtuir wishewspirgtel plrsmifipe oarly S?Htﬁlymgﬂneg Bf the
l'esi ons werg.diivt RRiFPALNaIEs,  aNaRt andlifld eedduibaetion evbms iabn se@ssrpi ti ng
strong before a replication competent virus can be produced. Alternatively the packaging:
cell line harbours a provirus. The provirus has been crippled so that although it may
produce all the proteins required to assemble infectious viruses, its own RNA cannot
30 be packaged into virus. RNA produced from the recombinant virus is packaged
instead. Therefore, the virus stock released from the packaging cells contains only
recombinant virus. Non-limiting examples of retroviral packaging lines include
PA12, PA317, PE501, PG13, PSI.CRIP, RDI 14, GP7C+TA-G10, ProPak-A (PPA-6),
and PT67.
35
Other suitable vectors include adenoviral vectors (see, WO 95/27071) and adeno-
associated viral vectors. These vectors are all well known in the art, e.g., as described

in Stem Cell Biology and Gene Therapy, eds. Quesenberry et al., John Wiley & Sons,



30 | eakage increased from1l1%at day 7 to 19.7%to give a total of 67.6% of
| esions in the noderate to severe score. By day 28, the nunber of | esions
progressing to higher scores had sl owed. The nunber of zero ranked | esions
had dropped to 2.8% which is typical of this npbdel and expected, as a
smal | percentage of |aser lesions fail to rupture Bruen nmenbrane and
therefore never develop CNV. The maj@sity of the 35 scores (70% remain in
the noderate to strong rank (42.2% and 28. 2% respectively), which is again
typi cal of 19A8;sandddil Pat. Blos. Taéf3e531. ankrielieli6y el weof eflerwaihs-i@diedn scor e
at - each ti mecBRidily be REMRAIdoMs BERF Eortath Afualio BloandoAREPRS REGIRAL oF OUP. 0 1
7d (n = 99) 29,. 3@(59?, %{5&%, 11, 1%(131}121 1%(13 14’H ISI%: /1) 7% (5). :
25404 8) In ecting non-dividing cells. like retrovira A, the' adenovira A is not

.integrated into the genome of the target cell. Further, the capacity to carry foreign

5 DNA is much larger in adenoviral vectors than retroviral vectors. The adeno-
associated viral vectors are another useful delivery system. The DNA of this virus
may be integrated into non-dividing cells, and a number of polynucleotides have been

successful introduced into different cell types using adeno-associated viral vectors.

10 In some embodiments, the construct or vector will include two or more heterologous
polynucleotide sequences. Preferably the additional nucleic acid sequence is a
polynucleotide which encodes a selective marker, a structural gene, a therapeutic

gene, or a cytokine/chemokine gene.

15 A selective marker may be included in the construct or vector for the purposes of
monitoring successful genetic modification and for selection of cells into which DNA
has been integrated. Non-limiting examples include drug resistance markers, such as
G148 or hygromycin. Additionally negative selection may be used, for example
wherein the marker is the HSV-tk gene. This gene will make the cells sensitive to

20 agents such as acyclovir and gancyclovir. The NeoR (neomycin/G148 resistance)
gene is commonly used but any convenient marker gene may be used whose gene
sequences are not already present in the target cell can be used. Further non-limiting
examples include low-affinity Nerve Growth Factor (NGFR), enhanced fluorescent
green protein (EFGP), dihydrofolate reductase gene (DHFR) the bacterial hisD gene,

25  murine CD24 (HSA), murine CD8a(lyt), bacterial genes which confer resistance to
puromycin or phleomycin, and B-glactosidase.

The additional polynucleotide sequence(s) may be introduced into the cell on the
same vector or may be introduced into the host cells on a second vector. In a
30  preferred embodiment, a selective marker will be included on the same vector as the

polynucleotide.

The present invention also encompasses genetically modifying the promoter region of
an endogenous gene such that expression of the endogenous gene is up-regulated
35  resulting in the increased production of the encoded protein compared to a wild type

cell,



47.9% (34) 19:7% (14) 28d (n = .71) "2.85 (2) 26.8% (19) 42.2% (30) 28.25
(20) O = no leakage; 51 = mld | eakage; 2 = noderate | eakage; 3 = severe

| eakage. Hi stol ogical sections of the eyes shows the appearance of a
normal , unlasered retina 10 (Figure 4a) plus the appearance of the retina
foll owi ng | aser photocoagul ati on, show ng the | esions and breakage of

Bruch's nmenbrane (Figure 4b, indicate® a bar), which is essential for the
t he

effectiveneg . of this nodel. During the exam nation of the sections,

presence of od- L $e identified within the lesion site (Figure
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to include chemotherapeutic agents, and toxins such as enzymatically active toxins of

bacterial, fungal, plant or animal origin, or fragments thereof, The cytotoxic agent

can be conjugated to a cell targeting moiety such as an antibody. In a preferred

embodiment, the cytotoxic agent is produced from a transgene of a cell that has been

15 genetically modified.

In a preferred embodiment, the anti-cancer does not kill the stem cells, or progeny
cells thereof. Examples of such agents include IL-2, interferon-y, anti-VEGF
monoclonal antibodies and biologically active nucleic acids such as ribozymes and
20 dsRNA which target important genes encoded by the cancer cells. Furthermore, the
anti-cancer agent can be in a pro-toxic form that is processed (such as cleaved) in vivo

to release the active anti-cancer agent.

The term "antibody” herein is used in the broadest sense and specifically covers
25 monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g.,
bispecific antibodies), and antibody fragments, so long as they exhibit the desired
biological activity of, for example, binding a cancer cell. Antibodies may be murine,

human, humanized, chimeric, or derived from other species.

30 "Antibody fragments" comprise a portion of a full length antibody, generally the
antigen binding or variable region thereof. Examples of antibody fragments include
Fab, Fab', F(ab'),, and Fv fragments; diabodies; linear antibodies; fragments produced
by a Fab expression library, anti-idiotypic (anti-Id) antibodies, CDR (complementary
determining region), and epitope-binding fragments of any of the above which

35  immunospecifically bind to cancer cel] antigens, single-chain antibody molecules; and
multispecific antibodies formed from antibody fragments.



It was determ ned that the induction of choroidal neovascul arization by
krypton | aser photocoagul ati on as descri bed herein would be a suitable
nodel to test for an agents ability to treat ocul ar neovascul axi zation. 5
Example 2: Effect of Human Cells on The Devel opnent of CNV Materials and
Met hods Ani mal s were prepared and anaest heti sed, and krypton | aser
irradiation was perforned, as in Example 1. The eval uation of CNV was al so
performed as per 10 Exanple 1. Preparation of Cells Bone marrow (BM is
har vest ed Engmatiedllytdoyive pratgh taxind tnd diagmeste rtier¢0wigh yearts wied)as in
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Victoria TNAP+ cel |l s were subsequently isolated by nmagnetic
activated cell sorting as 25 previously described (Gonthos et al., 2003;
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(IFGP4, IRTA4, SPAPIA (SH2 domain containing phosphatase anchor protein la),

30 SPAPIB, SPAPIC), HER2, NCA, MDP, IL20Ra, EphB2R, ASLG659, PSCA,
GEDA, BAFF-R (B. cell-activating factor receptor, BLyS receptor 3), CD22 (B-cell
receptor CD22-B isoform), CD79a, CXCRS (Burkitt's lymphoma receptor 1), HLA-
DOB (Beta subunit of MHC class II molecule (Ia antigen) that binds peptides and
presents them to CD4+ T lymphocytes), P2X5 (Purinergic receptor P2X ligand-gated

35 ion channel 5), CD72 (B-cell differentiation antigen CD72, Lyb-2), LY64
(Lymphocyte antigen 64 (RP105)), FCRH1 (Fc receptor-like protein 1), IRTA2
(Immunoglobulin superfamily receptor translocation associated 2), and TENB2.



Cells prepared as described herein are also referred to as Human
Mesenchymal 15Precursor Cells (HWPCs). Intravitreal Injection Intravitreal
injections were performed by inserting a 30-gauge needle into the vitreous
at a site 1 nmposterior to the |linbus of the eye. Insertion and infusion
were 20 perfornmed and directly viewed through an operating m croscope. Care
was taken not to injure the lens or tte retina. Rats were injected in the

|l eft eye with 2 1 of the cells (5.625 x 104 cells / 1) on the day follow ng
| aser phot qooggeiasi on, and attenpts were made to place themin the

superior and peripheral vitreous cavity. 25H stological Studies Rats were
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i ndi caxoi ng that | eakage was mninmal at this point. This result was not
signifi cant jicg Sh the control animals (p > 0.05) neasured at the
sane 15 tine 0|}nt rorrc1Z n%glle 1 (0.8 0.07). At day 14, the nean | eakage
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0.1 seconds duration and 150 mW intensity.

Color Fundus Photography (CFP)

Animals were anaesthetised prior to photography as mentioned in animal preparation
30 and anaesthesia. The pupils were dilated with 2.5% phenylephrine (Chauvin
Pharmaceuticals Ltd, Romford, Essex) and 1% Mydriacy! (Alcon, Belgium), at least
10 minutes before photography. The rat fundus photography was performed using a
small animal fundus camera (Kowa Genesis Tokyo, Japan) using Kodak Elite 200
ASA slide film.
35



20 and was significantly |ower than the conparative score of the control
group (1.96 0.1, p <0.01). Simlar to Exanple 1, the frequency of each

| esion score for each tine point was exam ned (Table 2 and Figure 8). At
day 7, over 73% of the |lesions were exhibiting 25 zero to m|d | eakage with

t he remai ni ng showi ng noderate | eakage. By day 14, the frequency
distributions did not alter appreciabtsy with 39.9% of the lesions still

showi ng zero | eakage. There was a slight decrease in lesions with mld
increase in lesions with noderate

| eakage (35. S%Jr@kéﬁ-&%ﬁog%@y FFA;WN |
| eakage (26.5%to, 32.19%, no lesions presented with severe |eakage. By day
28, a smal | FIHeIRtssin aggiogmphy was restormedhonnlgisdhrough nrapanisonseliajeetianatfi ng
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Formation and Extent of Choroidal Neovascularization (i CNYV)

10 The formation and extent of CNV in the eye using this model was monitored using
CFP and FA. Anaesthetized animals were injected intraperitoneally with 0.3 to 0.4 m]
of 10% sodium fluorescein and the eyes photographed using fluorescence fundus
photography. The extent of fluorescein leakage was calculated using the densitometry
method (Marano and Rakoczy, 2005). Briefly, the fluorescein angiograms were

15 scanned into a computer using a L.S-4000 ED film scanner (Nikon Corp., Tokyo,
Japan) for import into Quantity One® basic densitometry software (Bio-Rad, CA,
USA). The relative fluorescence (rf) for each lesion was calculated and these values
were subsequently converted into severity scores by comparison to a severity
template, which was used to genérate rf intervals whereby a rf of 0 — 20, no leakage;

20 21 - 70, mild leakage; 71 — 120, moderate leakage and > 121, severe leakage. The
mean severity scores from each of the time points were compared by ANOVA with a
post hoc Fishers LSD analysis. Differences were considered significant at p < 0.05. In
addition, the frequency of each lesion score was counted, tabulated and represented
graphically.

25

Histological Studies
Five rats were euthanased at 7 days post injection with an overdose of sodium
pentobarbital (Nembutal) and the remaining 10 euthanased at the completion of the
experiment on day 28. Lasered eyes from two of the animals sacrificed at day 7 were

30  embedded in OCT medium and frozen on liquid N3 for fluorescence microscopy and
immunohistochemistry using the CD68 antibody for macrophage detection. Sections
were examined under UV light and images captured using an Olympus microscope
(Olympus, Tokyo, Japan) and an Olympus DP70 video camera at 20x magnification
with a 2 second exposure time. The eyes from the remaining animals euthanized at

35  day 7 and 28 were enucleated and fixed for 4 hours in 10% neutral buffered saline or
4% paraformaldehyde. After routine processing through graded alcohol, the eyes were
embedded in paraffin and sectioned at 5 um, mounted on silanated slides and stained
with haematoxylin and eosin (H&E) for histopathological examination.
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Results

Colour fundus photography was used to confirm the presence of laser lesions (Figure
la). Fluorescein angiography was subsequently performed to document the level of
fluorescein leakage from each of the lesions, which provides an indication of the
level of CNV development. Initial clinical observations at day 7 post laser
photocoagulation indicated a zero to mild level of leakage for most of the lesions
(Figure 1b), Following this time point, at day 14 a dramatic increase in the level of
leakage was observed (Figure 1c) and by day 28 this level of leakage seemed to
increase once again but only slightly compared to the day 7 — 14 increase (Figure 1d).

Severity scores were subsequently calculated for each of the lesions at 7, 14 and 28
days post laser photocoagulation to provide a mean severity score for each time point
(Figure 2). At 7 days, the mean leakage score was well within the zero to mild scale
(0.86 + 0.07) indicating that leakage was minimal at this point. This finding shows
that fluorescein leakage due to CNV does not occur in the first 3 to 4 days following
laser photocoagulation in other rodent species. At day 14, the mean leakage score
significantly increased from the 7 day level (1.8 £ 0.1 p < 0.01) as CNV development
progressed. At day 28 post laser photocoagulation, the mean severity score of the
lesions had again increased, but not significantly compared to the 14 day score (1.96 %
0.1; p > 0.01) showing that leakage due to CNV is peaking around this time point.

A second analysis was performed, which examined the frequency of each lesion score
for each time point (Table 1 and Figure 3). At day 7, over 87% of the lesions were
exhibiting zero to mild leakage (29.3% zero and 58.6% mild) with the remaining
showing moderate to severe leakage. By day 14, there was a dramatic shift in the
frequency of each of the lesion scores with the zero to mild scores being reduced
32.4% of the total lesions (7% and 25.4% respectively). The majority (47.9%) of the
lesions were in the moderate range and the number of lesions exhibiting strong
leakage increased from 1% at day 7 to 19.7% to give a total of 67.6% of lesions in the
moderate to severe score. By day 28, the number of lesions progressing to higher
scores had slowed. The number of zero ranked lesions had dropped to 2.8%, which is
typical of this model and expected, as a small percentage of laser lesions fail to
rupture Bruch’s membrane and therefore never develop CNV. The majority of the
scores (70%) remain in the moderate to strong rank (42.2% and 28.2% respectively),
which is again typical of this model. |

0 no leakage; 1 = mld | eakage; 52 - noderate |eakage;
sections of eyes presented in Figure 9 show

3

' 28) 39.3%(1.1).



nunbers of macrophages (Figure 9a and b, arrow), in addition to an absence
of any 10 discernable retinal tissue. Sections of eyes possessed few

macr ophages (Figure 9b), no sign of infection could be detected and the
retinal tissue appeared otherwi se normal. In addition, no sign of

devel opi ng bl ood vessels could be detected within the lesion site.

15D scussion The retinas of the left sye of 15 nude rats were | aser
photocoagul ated with 6 - 10 | esions. On the follow ng day, the |asered eyes
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10 The CBH-inu/Arc rats were housed in filter-topped cages on a'bedding of
chaff at a conslt%at terrperature of 22Cand with a 12:12 hour 1ight/dark
cycle (li glq 800 hours). Food and water were available ad |ibitum
The phy$i cal- mildteekage; t he rats (eg. weight, novenent etc) was nonitored
throughout s thgo®kdidlkakaLe, Procedures Al prUcedures were perforned in
accordance,to the i del'ines of the Animal Ethics and Experinmentation
Comm ttee 6fs?ﬁe§elﬂg#e\‘ﬂ§r5| ty of Western Australia and the Association for
Research in Vision and Opht hal nol ogy Statenent. 20

Histolo.gical sections of the eyes shows the appearance of a normal, unlasered retina
10 (Figure 4a) plus the appearance of the retina following laser photocoagulation,
showing the lesions and breakage of Bruch’s membrane (Figure 4b, indicated a bar),
which is essential for the effectiveness of this model. During the examination of the
sections, the presence of red blood cells were identified within the lesion site (Figure
4c, arrowheads), which was an indication of early CNV development. By day 28, the
I5  presence of red blood cells appeared to have increased by a noticeable proportion
(Figure 4d and e, arrowheads). These observations are in correlation with the
calculated severity scores and frequency distributions of each leakage score.

Detection of the CD68 antigen (macrophages) was performed on the frozen sections
20 using a FITC tagged secondary antibody for visualisation under a UV light

microscope. Visualisation of non-detected sections (Figure 5) shows the level of

autofluorescence exhibited by the retinal tissue, where the remnants of the RPE layer

(shows as yellow) can be seen throughout the lesion site (arrows). Following

depigmentation and immuno-detection, no visible signs of macrophages could be
25 detected (data not shown).



Anaest hesia and Pupil Dilation Al clinical photography, intravitreal

i njection and | aser photocoagul ation were perfornmed with the rats under
general anaesthesia which involved intramuscular injection of a m xture of
ket am ne (50 ng/ kg, Lanbert Company, USA) and xyl axine 25 (6 ng/ kg, Bayer
AG, Germany). The pupil was dilated with 2. 5% phenyl ephrine (Chauvin

Phar maceutical Ltd., Ronford, Essex) &nd 1% Mydri acyl (Al con, Belgium eye
drops. Preparation of Cells 30 HWCs were prepared as descri bed above in
Exanpl e 2pideagaan phot ocoagul ation A krypton | aser (647 mm Coher ent

Radi ati on_Sys S..a iss slit
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conf ogal seam ng | aser 10opht hal rnoscopy (Heidel berg Retinal Angiograph;
Hei del berg Engi neering, Carlsbad, CA). Intravitreal Injection The
conjunctiva was cut and a 30-gauge needl e was used to nmake an initi al
punct ure 15rgparatien ekpeled sclera. A 32-gauge needle attached to a 5l

Ham | ton gyfd H&?o%@ﬁwf}%ﬂmg@&é@ﬁom{ea Bl RURCdHiRed (2ob325 §§ak§r a into
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by density gradient separation using Lymphoprep™ (Nycomed Pharma, Oslo,
Norway) as previously described (Zannettino et al., 1998). Following centrifugation
at 400 x g for 30 minutes at 4°C, the buffy layer is removed with a transfer pipette and
20  washed three times in “HHE”, composed of Hank’s balanced salt solution (HBSS;
Life Technologies, Gaithersburg, MD), containing 5% fetal calf serum (FCS, CSL
Limited, Victoria, Australia).

TNAP+ cells were subsequently isolated by magnetic activated cell sorting as

25  previously described (Gronthos et al.,, 2003; Gronthos et al., 1995). Briefly,
approximately 1-3 x 108 BMMNC are incubated in blocking buffer, consisting of 10%
(v/v) normal rabbit serum in HHF for 20 minutes on ice. The cells are incubated with
200yl of a 10ug/ml solution of STRO-3 mAb in blocking buffer for 1 hour on ice.
The cells are subsequently washed twice in HHF by centrifugation at 400 x g. A 1/50

30 dilution of goat anti-mouse v-biotin (Southern Biotechnology Associates,
Birmingham, UK) in HHF buffer is added and the cells incubated for 1 hour on ice.
Cells are washed twice in MACS buffer (Ca®* - and Mn®" -free PBS supplemented
with 1% BSA, S mM EDTA and 0.01% sodium azide) as above and resuspended in a
final volume of 0.9 ml MACS buffer.

35
One hundred pl streptavidin microbeads (Miltenyi Biotec; Bergisch Gladbach,
Germany) are added to the cell suspension and incubated on ice for 15 minutes. The
cell suspension is washed twice and resuspended in 0.5 ml of MACS buffer and



20 being withdrawn and anti biotic ointnent (0.5% chl oranpheni col drop,
Chauvi n Pharmaceutical Ltd.) was applied to prevent infection. The injected
eyes were observed daily and chl oranpheni col drops were applied for the
first three days followi ng injection. 25Hi stol ogi cal Assessnent Organs were
collected follow ng sacrifice of the rats at day 30 post-injection and
fixed in either Bouin's Fixative (eyesand optic nerve) or in buffered 3.7%
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completion of the experiment on day 28. All eyes from these animals were enucleated
and fixed for 4 hours in 10% neutral buffered saline or 4% paraformaldehyde. After
routine processing through graded alcohol, the eyes were embedded in paraffin and
30  sectioned at 5 pm, mounted on silanated slides and stained with haematoxylin and

eosin (H&E) for histopathological examination.

Results

CFP was used to confirm the presence of laser lesions in the treated eyes of the
35 animals and FA was subsequently performed immediately following CFP to
document the level of fluorescein leakage from each of the lesions (Figure 6). In a
control eye that was injected with cells but not laser photocoagulated, the fundus
(Figure 6a) and the vasculature (Figure 6b) appear to be normal. In the treated eyes,



The eyes of the 20 rats used in the study were normal at the start of the
study. Left and right eyes of each rat were of equal size. Their pupils
dilated easily and their conjunctiva, cornea, iris and |l ens were al

normal. All had clear vitreous, normal fundus and retinal vasculature with
no haenorrhage at the start of the study. 35 39 to accidental placenent of
| aser phot ocoagul ation onto a retinalzvessel was occasionally observed.

Anal ysis of Toxic effect of Profreeze and Cells in eyes of CBHrnu/Arc rats
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increased, but not 51gn1ﬁcantly compared to the 7 day score (1.18 + 0.17; p >0.01) .
20  and was significantly lower than the comparative score of the control group (1.96 £
0.1, p<0.01).

Similar to Example 1, the frequency of each lesion score for each time point was
examined (Table 2 and Figure 8). At day 7, over 73% of the lesions were exhibiting
25  zero to mild leakage with the remaining showing moderate leakage. By day 14, the
frequency distributions did not alter appreciably with 39.9% of the lesions still
showing zero leakage. There was a slight decrease in lesions with mild leakage
(35.3% to 28.6%) and a small increase in lesions with moderate leakage (26.5% to
32.1%), no lesions presented with severe leakage. By day 28, a small number of
30 lesions had progressed to the severe rating (8.7%), with a large percentage still
exhibiting zero leakage (32.4%). These data are in contrast to the control group where
at 14 and 28 days, the percentage of zero leakage scores had fallen to 7% and 2.8%
respectively and the number of severe lesions were 19.7% to 28.2% respectively.

35



only eyes with fluorescein angiograns that could be used for the assessnent
of fluorescein | eakage at day 7 post-I|laser photocoagul ati on were used. For
this reason 35 rats # 24, #16, #19 and #25 were excluded fromthis
assessnment. Froma total of 167 | aser photocoagul ati ons perfornmed, 122 or
73. 1% had fluorescein | eakage at day 7 (Table 3). This percentage fel
within the range reported previously 38y other groups (Yanagi et al., 2002,
El Bradey et al., 2004; Zou et al., 2006)). 40 Table 3: Summary of |aser
phot ocoagul#hlp dnEregaencyatabites af epchUesiesr scofe atpaeh tiphPeoagul ati ons with
fluorescein | eakage at the different tinme points post-injection. # NA: not
avai l abl e due-to anaesthesialrelated cataract. NA _not—available, Animal 1D
Treat ment Nunber of |aser spots delivered Nunmberofl aserspotswth:
fluorescein | eakage "at tlhegt. M DL PES ARQ | THEGh & QR +aY daysld days
28 days HVEC & 207 Skl iy é‘&lé (’%pﬁ'_%fal!ﬁs?&ﬁé 9‘901‘ edy

Group | o | 1. |2z p o3|
7d (n=34) 38.2% (13) | 35.3% (12) | 26.5% (9) | 0% (0)

4d (m=28) | 39.3% (11) | 28.6% (8) | 32.1%(9) |-0% (0) -

280 (1=34) | 324% (1) |26.5% ©9) [ 32.4% (1) | 8.7% (3)

0 = no leakage;
1 = mild leakage;

5 2 =moderate leakage;
3 = severe leakage.

Histological sections of eyes presented in Figure 9 show the presence of large
numbers of macrophages (Figure 9a and b, arrow), in addition to an absence of any
10 discernable retinal tissue. Sections of eyes possessed few macrophages (Figure 9b), no
sign of infection could be detected and the retinal tissue appeared otherwise normal.
In addition, no sign of developing blood vessels could be detected within the lesion

site.

15 Discussion
The retinas of the left eye of 15 nude rats were laser photocoagulated with 6 - 10
lesions. On the following day, the lasered eyes were injected with 2 pl of cells (5.625
x 10* cells / pl) and subjected to ophthalmic evaluation, CFP and FA at 3 time points
(7, 14 and 28 days post injection).

20
Initial clinical observations indicated that leakage due to CNV development within the
lesions did not appear to increase with time. Subsequent densitometry on the lesions
using the FA’s revealed this to be the case as no significant increase in mean
fluorescein leakage was calculated from 7 to 28 days. In addition, no blood vessels

25 could be detected within the burn sites when viewing the histological sections,

indicating inhibition of angiogenesis.
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Fxample 3: Optimising stem cell therapy in a laser-induced rodent model of CNV

Material and Methods

Animals
Twenty 8-10 week old female CBH-rnw/Arc rats were obtained from the Animal

Resource Centre, Western Australia for this study. Homozygous CBH-rnu/ARc rats
have little or no hair and are athymic and have similar dysgenesis to nude mutation in
mice. Their cell-mediated immunity is greatly reduced or absent with a marked
reduction of T-lymphocyte function and they are extremely susceptible to infection

with Clostridium piliformi.

The CBH-rmuw/Arc rats were housed in filter-topped cages on a bedding of chaff at a
constant temperature of 22°C and with a 12:12 hour light/dark cycle (light on at 0800
hours). Food and water were available ad [ibitum. The physical state of the rats (eg.
weight, movement etc) was monitored throughout the study.

Procedures
All procedures were performed in accordance to the guidelines of the Animal Ethics

and Experimentation Committee of The University of Western Australia and the
Association for Research in Vision and Ophthalmology Statement.

Anaesthesia and Pupil Dilation
All clinical photography, intravitreal injection and laser photocoagulation were
performed with the rats under general anaesthesia which involved intramuscular
injection of a mixture of ketamine (50 mg/kg, Lambert Company, USA) and xylaxine
(6 mg/kg, Bayer AG, Germany). The pupil was dilated with 2.5% phenylephrine
(Chauvin Pharmaceutical Ltd., Romford, Essex) and 1% Mydriacyl (Alcon, Belgium)
eye drops.

Preparation of Cells

HMPCs were prepared as described above in Example 2.

Laser photocoagulation
A krypton laser (647.1nm, Coherent Radiation System, CA, USA) was applied to the
fundus through a Zeiss slit lamp with a hand held coverslip serving as a contact lens to
the left eye of each CBH-rmu/Arc rat. Eight to thirteen laser photocoagulations were
performed in each eye between the major retinal vessels around the optic nerve using
a setting of 100 um diameter, 0.1 second exposure time, and 150 mW power.
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Formation of a bubble was used as an indication for successful rupturing of Bruch’s

membrane.

Clinical Photography
Colour fundus photography was performed using a modified portable small animal
fundus camera (Genesis; Kowa, Tokyo, Japan) with a condensing lens (Volk
Superfield, Volk Optical, Mentor, OH) interposed to increase the field of view,
Fluorescein angiography was performed following intraperitoneal injection of the rats
with 100 ul of a 10% sodium fluorescein solution using confocal scanning laser
ophthalmoscopy (Heidelberg Retinal Angiograph; Heidelberg Engineering, Carlsbad,

CA).

Intravitreal Injection
The conjunctiva was cut and a 30-gauge needle was used to make an initial puncture
of the exposed sclera. A 32-gauge needle attached to a 5 ul Hamilton syringe was then
passed through the puncture in the sclera into the vitreous cavity. The advancement of
the needle, controlled using a micro-delivery system, was directly observed under an .
operating microscope and the agent was delivered when the needle tip reached the
vitreous cavity. The needle was kept in the vitreous cavity for about 1 minute before
being withdrawn and antibiotic ointment (0.5% chloramphenicol drop, Chauvin
Pharmaceutical Ltd.) was applied to prevent infection. The injected eyes were
observed daily and chloramphenicol drops were applied for the first three days

following injection.

Histological Assessment

Organs were collected following sacrifice of the rats at day 30 post-injection and fixed
in either Bouin’s Fixative (eye and optic nerve) or in buffered 3.7% formaldehyde.
The organs were washed 3 times in phosphate-buffered saline (PBS, pH 7.2-7.4),
dehydrated in graded solutions of ethanol and embedded in paraffin wax. Selected
tissues were sectioned and stained with haematoxylin and eosin for histological
examination (H&E). For morphometric measurement of choroidal neovascular
membrane thickness,‘ ten laser lesions were randomly selected from the Profreeze™-
(Lonza, Basel, Switerland, which comprises CDM NAO Freezing Medium, 7.5%
DMSO and 50% Alpha MEM) and cell-injected eyes. The maximum vertical
meridian passing through this spindle-shaped scar was measured as the thickness.
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Experimental Design
Twenty CBH-rnu/Arc rats were examined physically and anaesthetised. F ollowing
dilation of the pupil, laser photocoagulation was performed in the left eye of each rat.
The formation of a bubble following laser photocoagulation was used as an indication
of rupture of Bruch’s membrane. A total of between 8 and 13 laser photocoagulations
were performed in each eye and distribution of the laser photocoagulations was
immediately imaged using colour fundus photography (day -1).

A day following laser photocoagulation (day 0), 10 laser-photocoagulated eyes were
intravitreally injected with 3 pl Profreeze and the remaining 10 laser-photocoagulated
CBH-mu/Arc rat eyes were intravitreally injected with 3 pl HMPCs. Antibiotic
ointment was applied to the injected eye. The rats were examined daily for the next 3
days and antibiotic ointment was applied everyday for the first 3 days post-injection.

At day 7, day 14 and day 28 post-injection, clinical photography (colour fundus
photography and fluorescein angiography) was performed on the treated eyes. The
CBH-rnw/Arc rats were sacrificed at day 30 post-injection by carbon dioxide
asphyxiation and the eyes and organs were harvested. All eyes were fixed in Bouin’s
Fixative while the organs were immersed in buffered 3.7% formaldehyde. The tissue
samples were then dehydrated in graded solutions of ethanol and embedded in
paraffin wax, Selected tissues were sectioned and stained with H&E.

Results and Discussion

Physical Status of CBH-rnu/Arc rats Used in the Study
The CBH-rnu/Arc rats were healthy and were within a healthy weight range before
and during the course of the study. Although they were subjected to different
procedures during the study, they fed well and moved normally upon complete
recovery from anaesthesia. Some had slight bruising at the site of intramuscular
injection but this did not affect their movement, feeding and behaviour.

The eyes of the 20 rats used in the study were normal at the start of the study. Left and
right eyes of each rat were of equal size. Their pupils dilated easily and their
conjunctiva, cornea, iris and lens were all normal, All had clear vitreous, normal
fundus and retinal vasculature with no haemorrhage at the start of the study.

Immediately after laser photocoagulation, the vitreous was clear and the laser
photocoagulated spots were clear and well defined. In a few eyes, haemorthage due
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to accidental placement of laser photocoagulation onto a retinal vessel was

occasionally observed.

Aralysis of Toxic effect of Profreeze and Cells in eyes of CBH-rnu/Are rats
5  Profreeze and cells were injected into the vitreous of the photocoagulated eye of each

rat. All eyes were normal immediately following injection.

Colour fundus photography and slit lamp photography of the eyes at day 7, 14 and 28
post-injection showed that, with the exception of rats #10, #24 and #25, the presence
10 of Profreeze and cells did not have any adverse effect on the eye: the cornea was
normal, the antetior chamber and vitreous were both clear. Rat #10 and rat #24 had
vitreous that was cloudy at day 7 post injection and this inhibited imaging at this time
point. However, the vitreous appeared clear again at days 14 and 28. Rat #25 had
anterior uveitis at day 7 and a partial cataract was observed at the later time points.
15  The partial cataract was most likely caused by accidental damage to the lens during
the injection. Clinical imaging of some eyes could not be carried out due to

anaesthesia-related cataract.

In order to evaluate if Profreeze and cells had any local or systemic toxic effect
20  following intravitreal delivery, tissues and organs were harvested at 30 days post-
injection. Based on the necropsy report, pathological changes were detected in the
tissues and organs at approximately the same frequency in both the Profieeze- and
cell-injected rats, suggesting that the presence of the injected cells did not, by itself,
have any adverse effect.
25

Analysis of efficacy of Profreeze and Cells
The newly formed membranes in the laser-induced rat CNV model were quantified by

evaluating fluorescein leakage using fluorescein angiography. The percentage of laser
photocoagulation with fluorescein leakage at each time point was evaluated for the

30  Profreeze-injected and cell-injected groups.

For calculating the success rate of developing CNV in the laser-induced CNV model,
only eyes with fluorescein angiograms that could be used for the assessment of
fluorescein leakage at day 7 post-laser photocoagulation were used. For this reason

35  rats# 24, #16, #19 and #25 were excluded from this assessment. From a total of 167
Jaser photocoagulations performed, 122 or 73.1% had fluorescein leakage at day 7
(Table 3). This percentage fell within the range reported previously by other groups
(Yanagi et al,, 2002; El Bradey et al., 2004; Zou et al., 2006)).
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Table 3: Summary of laser photocoagulations delivered and number of laser
photocoagulations with fluorescein leakage at the different time points post-
injection. # NA: not available due to anaesthesia-related cataract. NA: not available.

Animal YD | Treatment | Number of | Number of laser spots with
laser spots | fluorescein leakage at the following
delivered times post injection

7 days 14 days 28 days

1 HMPC 8 7 7 1

2 HMPC 11 10 8 3

3 HMPC 12 8 9 6

4 HMPC 11 9 10 5

5 HMPC 12 10 3

6 HMPC 13 0

7 HMPC 9 5 3

8 HMPC 11 6 #NA 2

10 HMPC 10 6 NA NA

24 HMPC 9 NA 8 8

12 Profreeze 9 8 8

13 Profreeze 11 9 9

14 Profreeze 12 10 9 8

16 Profreeze 10 1 NA 7 8

17 Profreeze 11 6 10 10

18 Profrecze 8 6 6 3

19 Profrecze 12 NA 9 6

20 Profreeze 10 7 6 #NA

23 Profreeze 9 6 : 6 7

25 Profreeze 9 NA NA 1

In calculating the change in percentage of photocoagulations with fluorescein leakage
with time, only eyes with the complete set of fluorescein angiograms were included.
In the Profreeze-injected group, rat #16, rat #19, rat #20 and rat #23 were excluded
10 and in the cell-injected group, rat #8, rat #10 and rat #24 were excluded from this

assessment.
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In the Profreeze-injected group, 75% of laser photocoagulations had fluorescein
leakage at day 7 post-laser photocoagulation and this increased to 80% at day 14 and
dropping back to 75% at 28 days post-laser photocoagulation (Figure 10). In contrast,
in the HMPC-injected eyes, 76.3% of the photocoagulations had fluorescein leakage

5 and this dropped to 65.8% at 14 days and further to 30.3% at day 28 post-laser
photocoagulation (Figure 10). This suggests that the presence of the cells has an
effect on inhibiting neovascularisation in this model.

From light microscopic analysis of H&E-stained éections of the eyes, foci of damage
10 (laser lesions) were present in all Profreeze- and HMPC-injected eyes. Such lesions
consisted of thinning of outer plexiform and outer nuclear layers. Pigmented cells and
small blood vessels were found in the outer nuclear layer. Focal thickening of the
retinal pigment epithelial layer was also seen, together with some focal increase in
concentration of small blood vessels. Presence of neovascular membranes, which
15 present as spindle-shaped subretinal fibrovascular scars in the laser lesions with single
or multilayered retinal pigment epithelial cells, was obvious and could be
distinguished from adjacent normal structure in the photocoagulated eyes (Figure 11).

A comparison of the maximum thickness of 10 randomly selected choroidal

20 neovascular membranes from the eyes injected with Profreeze (n=6) and cells (n=7)
was carried out. The average thickness of the choroidal neovascular membranes was
35.1 4 10.2 um in the Profreeze-injected group and 16.3 + 4.7 um in the cell-injected
group (Figure 12). The difference in average thickness was statistically significant
(p<0.001, Student’s T-test),

25
As the thickness of choroidal neovascular membrane in the laser-induced CNV model

has been used as one of the parameters to assess efficacy of anti-angiogenic activity of
compounds or molecules (Lai et al., 2002; Berglin et al., 2003; Krzystolik et al., 2002;
Ciulla et al., 2003), the reduction in thickness of choroidal neovascular membrane in
30  the HMPC-injected eyes indicates that HMPCs has an effect of suppressing laser-

induced choroidal neovascularisation.

It will be appreciated by persons skilled in the art that numerous variations and/or
35 modifications may be made to the invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as broadly described. The
present embodiments are, therefore, to be considered in all respects as illustrative and

not restrictive.
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of STRO-1 nmesenchymal precursor cells (MPC), or progeny cells thereof, for
t he manufacture of a nedicament for treating or preventing an

angi ogenesi s-rel ated di sease in a subject. 2. Use of claiml1, wherein the
angi ogenesi s-rel ated disease is selectgd fromthe group consisting of

angi ogenesi s- dependent cancers, benign tunors, rheumatoid arthritis,
psoriasis, ocul ar angi ogenesi s di seases, sl er-Wbber Syndrone, nyocardi al
angi ogenesi.s, plaque neovascul ari zation, telangi ectasia, henophiliac
joints, a t broma, wound granul ation, intestinal adhesions,

at heroscl erosi s, scleroderma, hypertrophic scars, cat scratch di sease and
Hel i cobacter pylori ulcers. 3. Use of claim?2, wherein the

angi ogenedi s- r dlsated $ TRG-¢ amesdnshpmalqueduasor aals OYBARirprofiespasks therrof,Use of
claim 3, erein the ocufar ﬁn iOﬂe esis.di sease i.s sel ected fromlr?%ge group
consi sti ng”'of "HIMHFEME OF 2RITHLEE &/f,g’r e o T RYFIERE AP BREICEFISCY TSR ul ar
degener at idRaseGARRERkctgr af t rej ection, neovascul ar gl aucoma, retrol ental
fibroplasia and rubeosis. 5. Use of claim4, wherein the ocul ar

angi ogenesi s di sease i s nmacul ar degeneration or diabetic retinopathy. 6.
Use of cl ai m5; r el r i I S ed macul ar
degener at ?i)n orU S%? Cz%@- ?5% g%@%caagggg%gg%%g% thg%agé Y%gg%%téec?gr? &aﬁlf one of
clains 1 fgeoup, cedistizigh of hehgidgenesielddendere abicadisnadnighommase rheétbnat@d Use of
any one of clainms 1 to 7, wherein the nesenchymal precursor cells are
TNAP+, VCARRtUS, pprasts, ocugengiqgengsiy discasegy Qgar-Webher JHmdzgige. auyasartdli on

t her eof ; a e [ o] 4.N so f the
STRO 1+ cglll%lgg %egE’ST aqSlagbr ?%OVQ%C%W%%%O I%f éa%%l\é%ﬁ{eaglgf E{Bgoﬁgﬁ%ct oj%gn,tgv\her ein
t he progenygiofblomaaveounlt ghmdatidyy iotebtinat iadbgesiese atheyasalergsise culeswlermosl | s i n
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3. Use of claim 2, wherein the angiogenesis-related disease is an ocular

angiogenesis disease.

4. Use of claim 3, wherein the ocular angiogenesis disease is selected from the
group consisting of: diabetic retinopathy, retinopathy of prematurity, macular
degeneration, corneal graft rejection, neovascular glaucoma, retrolental fibroplasia and

rubeosis.

5. Use of claim 4, wherein the ocular angiogenesis disease is macular

degeneration or diabetic retinopathy.

6. Use of claim 5, wherein the macular degeneration is dry age-related macular

degeneration or wet age-related macular degeneration.

7. Use of any one of claims 1 to 6, wherein the stem cells are obtained from bone

marrow.



12. Use of any one of clains 1 to 11, wherein at |east sonme of the cells
are genetically nodified. 13. Use of any one of clains 1 to 12, wherein
t he angi ogenesi s-rel ated di sease i s an angi ogenesi s- dependent cancer or a
beni gn tunour, and the cells are used to deliver an anti-cancer agent.

45

8. Use of any one of claims 1 to 7, wherein the mesenchymal precursor cells are
TNAP®, VCAM-1", THY-1", STRO-2*, CD45", CD146", 3G5" or any combination

thereof,

9. Use of any one of claims 1 to 8, wherein at least some of the STRO-1" cells are

STRO-1°"

10.  Use of any one of claims 1 to 9, wherein the progeny cells are obtained by

culturing mesenchymal precursor cells in vitro.

11.  Use of any one of claims 1 to 10, wherein the cells are enriched from a sample

obtained from a subject.

12.  Use of any one of claims 1 to 11, wherein at least some of the cells are

genetically modified.

13.  Use of any one of claims 1 to 12, wherein the angiogenesis-related disease is
an angiogenesis-dependent cancer or a benign tumour, and the cells are used to

deliver an anti-cancer agent.



