1 PERI CYTE PROGENI TORS FROM PERI PHERAL BLOOD RELATED

APPLI CATION(S) This application clainms the benefit of U S. Provisional

Appl i cat iwo 2bi/12583/ 451, 637, filed on March 11, 2011. TRETSGRINRZOG0A8ACHhI ngs
of the above application are incorporated herein by reference. BACKGROUND -
OF THE I NVENTI ON Pericytes are perivascular cells that are indi spensable
for normal bl ood vessel function by stabidlzing maturing bl ood vessel s,
formng perneability barriers and 10 regul ating the blood flow. They al so
contribute to angiogenic sprouting and mgrate to (re-) vascul ari sing

ti ssues and tumours fromthe bone marrow. While pericytes can be purified
fromtissue honbgenates (e.g.,placenta, nuscle), their originis stil
controversial and no other |ess-invasive or destructive nmethod is known to
generate themin vitro for therapeutic purposes. 15ldentification and

i solation of a pericyte precursor would therefore be of great use in
treatnent of ischemc injuries |Iike nyocardial infarction, congestive heart
failure, stroke, and peripheral vascul ar di sorders. SUMVARY OF THE

| NVENTI ON The cell culture technique described herein uses the
bi ophysi cal principle of 20 macronol ecul ar crowdi ng (MVC). MMC has been

used to enhance nmatri gi neeri ng,
13(2):385-391; Lareu gpﬁiﬁ?%§6ggﬂggﬁgf?ﬂﬁ%ﬂg§%€%§§ﬁgﬁgg‘é%ﬁgrggssent|aIIy
changi ng m croenvironments (Chen et al 2011 ). Thus, MMC not only anplifies
t he dlfferen§h§: f@D ﬁgq but also boosts their proliferation
in the undlfferA at gtagge%ggglnnst 10fold wi thout the use of growth
This application claims the benefit of U.S. Provisional Application No.
S 61/451,637, filed on March 11, 2011. The entire teachings of the above application are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

Pericytes are perivascular cells that are indispensable for normal blood vessel

function by stabilizing maturing blood vessels, forming permeability barriers and

10  regulating the blood flow. They also contribute to angiogenic sprouting and migrate to
(re-) vascularising tissues and tumours from the bone marrow. While pericytes can be
purified from tissue homogenates (e.g., placenta, muscle), their origin is still
controversial and no other less-invasive or destructive method is known to generate
them in vitro for therapeutic purposes.

15 Identification and isolation of a pericyte precursor would therefore be of great
use in treatment of ischemic injuries like myocardial infarction, congestive heart failure,

stroke, and peripheral vascular disorders.

SUMMARY OF THE INVENTION

The cell culture technique described herein uses the biophysical principle of

20  macromolecular crowding (MMC). MMC has been used to enhance matrix deposition



5 factors (see WD 2011/108993 which is herein incorporated by reference).
Shown herein is that cultivation of buffy coats (nononuclear cell fraction)
from periwbert¥12pi260d under MMC gives rise to pericyte PCOHEHESRORONES3
Pericytes are a peculiar cell type that or%gi nates fromthe bone marrow and
are required for revascularising tissue after trauma and chronic damage and
have hom ng capacity. Thus, pericyte progenitors are an 10 attractive as

alternative E(B% 8@&1%65%sﬁ@ﬁhgﬁgﬁ@ﬁzﬁr@@%@'w?tﬁiﬂe&éﬁa‘irﬂﬂﬁrﬁélﬁe L&g! s for

the treatnen acute or chronrc situations 11kée stro

nmyocar di al i 58a(1a):2000-22 DY) geshtisldy deagingfmictacheiranterne(Chzhet al 20/1as)ctlihaer
di sorders. Accordlng in.one aspect, the invention is directed
i sol ated periM r"@ééﬁl’?léﬁesé@ difterendighiomriresponss 9h MHe st IP‘H@ISbeOP%té Fl?ﬁrl on,

the pericyt epF(ylﬁgI%ﬂbﬁmﬁle%BirfE ejﬁqnja&d%ﬂig)éngﬁgg{r?% 1'(’5%1@3 wWitbliEth ggﬁéﬁéﬂf’ﬁ@? of

herein (sonme“(e.g., two or nore onysorre . 0.,

t he marke$s) fach)m$seetW® 204 0/188893 phichdyhereipriagepotated byaktesercahn Sdnowprliemn
consi st essenti aII si st of one, or e of the mar escri bed
herein. I n abtAerd ’QBtOf £ opflg cpm@nmwcleér aqffé%cﬁ@a) bgm el ratbIgPd

obt ai ni ng peﬁlhﬁé%tlﬁl\/f@gfv%ﬁéﬁ foYeri€ Gg”e‘ﬂﬁst'. Péx?%'té%%éy b&ﬂlapbélpgpgﬁ{a'ts with
a matrix to which s can attac an one or re or n|c base

hydr ophi | i ¢ wegmates|feauthedone h@mb»yar;drandm:juirgd &orcrevasculamlug tissuthaftecehuima

culture is rral nt i ned, under ndi.tians in peri rogenitor cells
are gener at odh EHgnE daRREn gt PR ardns soppelth (i BeloPRPETVER thaheby
obt ai ni ngg pe%ttfa\éh@e 5H et to BEild Harra® deri AP BRIcIRARA Glem bﬂﬁ- géﬁiﬁﬁ‘bbﬂw I's
directed to pericyte progenitor cells produced by the nmet ho escri bed

herein. As wifod thbére@tm@nb@ﬁ @pteoprqum@hmlcwuaﬂons hike h@ol@r myotardiaber i cyt e
Progent {01 ¢l 3iEAN FAIRLL SR Rl APSla S0 GP0BRLRLGALED directiy or
tabbé a e

indirectly (a u3|ng r|e nlques known to

those of skill in Adserdaidly, in one aspect, ﬂleMﬁ{/erﬂlT@ﬁtﬁl&llfeo@én@%olatE@QeﬂldW@nt| on is
directed to a pharmaceutical conposition conpri.si nget he pericyte progenitor
cel I s descri BEegenideigels. Pepepdinguppe thedimeehiselation,{be periaytaRieaenitoss express

conposi th 9N CAMPIHeHF IndlE LRF AOUY%HBAFAGENREHEV £, RICHRLEPbr fE hdikers;

only some (e.g., two) of the markers). Thus, the isolated pericyte progenitor cells can
comprise, consist essentially of, or consist of one or more of the markers described
herein. |
In another aspect, the invention is directed to a method of obtaining pericyte

20  progenitor cells comprising culturing blood cells with a matrix to which cells can attach
and one or more organic-based hydrophilic macromolecules, thereby producing a cell
culture. The cell culture is maintained under conditions in which pericyte progenitor
cells are generated (e.g., expanded, increased) in the cell culture, thereby obtaining
pericyte progenitor cells.

25 In another aspect, the invention is directed to pericyte progenitor cells produced
by the methods described herein. As will be appreciated by those of skill in the art, the
pericyte progenitor cells can comprises a label that can be detected directly or indirectly

(a detectable label) using a variety of techniques known to those of skill in the art.



In a particular aspect, the invention is directed to a nethod of enhancing
grow h 50f one or nore bl ood vessels (angiogenesis) in an individual in
need t herwof2oompr23si ng adm ni stering pericyte progenit ®@cTseki/ovass he

i ndi vidual, thereby enhancing sprouting amgd_survival of the one or nore

bl ood vessels in the individual. The pericyte progenitors can be

adm ni stered system cally, wherein the pericyte progenitors will hone or

mgrate to the sit . gﬁgzl t L:t.e of
bl ood vessel gr owtlﬁ y?{lar{ah%ggiﬁéﬁgiﬁ\%lggérﬁ%r}%dg%%(ﬁ&d spe%%/e,uﬁ%ﬂecgﬁl \?’%1%1 Ton
is directed tcomprisinghiecpaicyttefrogénitog ceiibalescribadieran.ties patticuhgiagpsenakd S 1 n
an individual in need thereof  conprisi ng det ect i nge perjcyte progenitor

cel I's in the PhaERasepical compesidoncompprisss detgstablylabeledperigpie progamgonesiiscyt e

progenitor cells ir,d6 &%Iagqg%e%t,% in0Cefemlis apeaéd ANPIRHOHOF kshaALkinbMoRie O
nore sites in 15the individual. 'I'n a particular aspect, the nmethod Tan
further coénprofsee admord slbed vesgeld édngidgebésys) limbe irglivigealiic el theregBeommrisicel | s

to the individual. and detecting t.he t ect ably .l. abel ed, praogenj tor pericytes
in the indi viaaﬁwlstefrﬂ%pa&%%wa PRI § 'e_aﬁf'pgadrv g‘,'fai %?raeg ﬁs%?aef@gvﬁpmunﬁggr ate
to a site of afl Sh QBN 66he ohBat mlofe BI66Y VEJsEY iﬁﬂféhnﬁf%icﬁhl. Fhe b&l’f'r‘cﬂé Fﬁ)g&fﬁm}g, a
site of tissue regeneration, a site of ischemc injury, a sité o wound

or a 20conbi wan beadminastered systernicelly, veievéin the pericyte progemitpest widlwinheor migpatet |,
the invention i,s dir eqd to met hod .of . hopi ng.an. agent to a site (causing
or di recti ng st Blogd segieedRt Aalr i ARG B e et Seeleghid RS

i ndi vi duabp i nndie@dalt her eof , conprising adm nistering the agent to the

i ndi vi dual wherein the agent is attached to one or m)refperi cyte progenitor
cel I s which home tlbanothenaspest, the arvghtiefeisakiieste to a methasdfidetpgting onher mpie

delivering t . t e slte..of [ IS ] he individual .. In a
bart 1 cul o aopeor Weicendd i ifailuANH SAFRERIT chfiplifle ULk WRloyre
det ect abl e | pbgienitdihellpéi thelihdividualg ehkiedi Snddrghédesittatavisith theQericyte

angi ogenesis that is occurring at a site of a tunor, a site of tissue
regener at i on,Pregegitpreeds i detericd i ap Apdieapionpf apgigeeriesis apdisife oF mere difsiiRat i on
TS0 18 0 L g s RS RO o AU
conpri sing a degttably labelodhpartvybd rogeniter ballstanhaintindduah aold detecting thor e
O g G- DS R 1 e oaa A e tes i the thabvidual “file delcetatly labefed boseyis. -
progenitors will migrate to a site of angiogenesis that is occurring such as at a site of a
tumor, a site of tissue regeneration, a site of ischemic injury, a site of a wound or a
20  combination thereof in the individual.
In yet another aspect, the invention is directed to a method of homing an agent
to a site (causing or directing an agent to migrate to a site) of angiogenesis in an
individual in need thereof, comprising administering the agent to the individual wherein
the agent is attached to one or more pericyte progenitor cells which home to a site of
25 angiogenesis in the individual, thereby delivering the agent to the site of angiogenesis in
the individual. In a particular aspect, the pericyte progenitor cells further comprise a
detectable label. The pericyte progenitors migrate to a site of angiogenesis that is
occurring at a site of a tumor, a site of tissue regeneration, a site of ischemic injury, a

site of a wound or a combination thereof in the individual.



Fig. 1 shows phase contrast photographs at a) 10x magnification (scal ebar:
200 gm and b) 20x magnification (scalebar: 100 tim of pericyte progenitor
formati orwDrzotui2s28e. Fig. 2 shows flow cytonetry anal y®C3/SGROIIANSS
expression by pericyte 10 progenitors. Perjcyte progenitors were tested for
mesenchymal stemcell (MSC) markers CD90, CD29, CD166 and CD73, markers
shared by MSC and endothelial cells (EC) CD 105 and CD 146, EC narkers

VEGFR-2 and CD 14 t L efl c ker S . : CD11b,
' DR D206, Cods SRR the pyBRiE gt o Sl tor (g e D)

slt aini Pg 1; or pkugead itorxetls fr;otrelzlnad k@ﬁpgisiﬁ%’eniamb_t&) qgllli@g%btdotia:gﬂs c&ﬁxt?mﬂ and 8ne
pl acent a- deri ved pericytes (co rcially ayaila .from Praonoce a
mesenchynmal 08 MOKT IgRNE-baggsdy l%maffﬁgw\f% Sé@y I“W%‘éﬁ“?‘l?ﬁ’r’gu%{‘%ﬁ?g
PDGFR-13, N& and for later pericyte marker a-SVA and desmin. Generated
pericyte precursors express early pericyte markers and are distinguishable
frommature pericytes, which were isolated by digestion of human pl acent a.
20Fi g. 4 S$ShoBRRIERMERCRIPIIORDE (HE PRAWINGSf or MSC and EC mar kers (40x
magni fi cation) of pericyte progenitors, EC and placenta-derived pericytes
and MSC. Fi ¢fig.3 shhosphBPSomaapt photagyaphsatael) 1 0o nmaggdication Soalkhar: 200
secretion by %ri rogenitors | t media and cell layer of pericyte
progeni tors, “81 é‘Béﬁ g(_))ggag@lgaa%@ ¢ :u@d“fq W%tpr?gqgﬁgég)rma‘gorgln
posi tive conti@lreer e pepsin-digested. As a result 25 only triple-helical
structures remai ned. Medium sanples, cell layer sanples and a collagen |
standard (Col | st 2wboes ol gyradethyarBhsis gasEkemrieression-by@drieytag
conditions. Protein nds, were stained with.-the SilverQuest ki

(It t 1 o0n) PrsBi g bt it s bt PRasis R SR ast 10
fibrobl ast apgrigrace9bacpes) UPdodpgid CHYSSmarnkersi shiiicd by MSE ahl ehdotbélfhl Bells
secrete any Colla i shows PCR anal ysis of collagen | and

TV RNA exp RSB0 Fed CBYA6 T B GBS R 2 o4 CONHK Borgpiprtedmanctel <. of
col agen | SpECRRYCRRICtsy, gy HRISARE I BB by
pericyte progenit @ig 3(shbe ifin@ascytddhemes6asdiningliot huigdn SetickRithaged. (4x
gﬁ gg![ LIQF?%: Og’)glfiq:)gé: (g)x'qgg@i?cprg\éfc Eulljc? Slaf:e?lrteﬁggrli\(/)erc]l paefi%%%; (c%(rjr;rﬁcgrlc}aﬂ; Ee'\lva(tji];able from
Promocell) and mesenchynmal stem cells (MSC) were stained for early pericyte marker
PDGFR-B, NG2 and for later pericyte marker a-SMA and desmin. Generated pericyte
precursors express early pericyte markers and are distinguishable from rhature
pericytes, which were isolated by digestion of human placenta. ]
20 Fig. 4 shows immunocytochemistry staining for MSC and EC markers (40x
magnification) of pericyte progenitors, EC and placenta-derived pericytes and MSC.
Fig. 5 shows SDS-Page analysis of Collagen I (Col I) secretion by pericyte
progenitors. Culture media and cell layer of pericyte progenitors, placenta-derived
pericytes and fibroblast (IMR-90) as a positive control were pepsin-digested. As a result
25  only triple-helical structures remained. Medium samples, cell layer samples and a

collagen I standard (Col I std) were analyzed by SDS- PAGE under non-reducing

conditions. Protein bands were stained with the SilverQuest kit (Invitrogen) according



fluorescent |abeling) and pericyte progenitors (life green fluorescent

| abeling) on 10matrigel (20x magnification). Pericyte progenitors

co-| ocal iwe wixhsr@bes formed by endothelial cells. ThepCase20wnessparsely
distributed over the tubes and often accunulate at junction points.

Fig. 9 shows snapshots of life cell imaging of tube formation by

endot helial cells and co-localization of pericyte progenltors (life green

{1 uor escent) f &4 hnart bR AL 3 E8Mact MO BRI B S RLE AR08 oS AL

pericyte progenitor. Forma

10a) Co-cul t pegcyaé ﬁigém“tdiehida{ot@@drbta any Cdllaggenchynal stem cel I's (MSC) (10x
magni fi cati on) and_10b) w th macrophages (I fe green fl uorescent | abeling)

(4x magni fi cat i onfig® saws P&& analysiscivotagan haad yaY ¥ siRNNAsKersssigeRerivge do
not allow an %E%M H}fb@v ggﬁmg%x?\%gé St dRa nget%gf St9AV P TR 1%6&& bl'e on

matri gel . ages not e for I on however

co-local i iatl on WiFig) 7t§hew‘s uhia:lfaﬂnat&invussdy Carcubtareotaadutadlial cells (lif€rgl 11
shows pericyte progenitors reen fl uorescentt) i ncorporate into endotheli al
spher oi ds andluggsseeng jabgli g)é\ﬂﬁyeﬂ@ftﬁéwg@w%ﬂsegreen fluorescent;lghelingpen and 12b

show peri cyt %%{%egg%a&géﬁﬁgﬁnﬁl ce endothelial sprouting (12a 25and 12b);
: a

**p<0. 01 ***p< conpared to spheroids al one. Fig. 13 shows
pericyte progenit dig Seskpwe suberfanyatphassayy Cogaiture dfamtiothslial BeHnlife rddt ur e

medi a or conditioned, by peri yte progenitors anal yzed for the secretion
of pro- and mes‘éﬁ%iagalé@ﬂ)én REHOY'S PIRSERitors fgﬂ gé%ﬁﬁ‘ef?%r‘?sﬁ?“f RRShNERPN The

menbr aneq @}(\geqi (;% K @ﬁhcﬁfon?%hcﬁt@%%ﬁﬁb& BUb a?i'%@‘()@ﬁx tﬂbéstﬁ)?ﬂ&i &y gnal

for pro- ang| ogen Ows relattve quanti fication of
pr ot eone arr aydathetial ecils. ThqnarR&Ddedparselytchstsbmyd overshatubeslambhoftar dots was
measured usin zi%eJ and.the.inverted value 50of intensity (corresponding
t he density) @ 8%@{@ 62t BECtYYPYMSnk control nedia or media

Fig. 9 shows snapshots of life cell imaging of tube formation by endothelial cells

and co-localization of pericyte progenitors (life green fluorescent) (24h, 10x
15  magnification), white arrow follows one single pericyte progenitor.

Figs. 10a and 10b show tube formation assay: 10a) Co-culture of endothelial
cells with mesenchymal stem cells (MSC) (10x magnification) and 10b) with
macrophages (life green fluorescent labeling) (4x magnification) on matrigel. In
contrast to pericyte precursors MSC do not allow any tube formation, as only cell

- 20 = aggregates are visible on matrigel. Macrophages do not .inhibit tube formation however,
no co-localization with the tubular network can be observed.
. Fig. 11 shows pericyte progenitors (green fluorescent) incorporate into
endothelial spheroids and move along newly formed sprouts. |
Figs. 12a and 12b show pericyte progenitors enhance endothelial sprouting (12a
25  and 12b); **p<0.01 ***p<0.00001 as compared to spheroids alone.
Fig. 13 shows pericyte progenitors express many pro-angiogenic factors. Blank
* culture media or conditioned by pericyte progenitors was analyzed for the 'secretion of

pro- and anti-angiogenic factors with a proteome array from R&D. The membrane



conditioned by pericyte progenitors. DETAILED DESCRI PTI ON OF THE | NVENTI ON
Pericytes originate from bone nmarrow, but whether they can be assigned to
the 10 ne§enéiyirai23or haenat opoi etic |ineage is current PETHGRI2{08008D
debate. Dhar et al. (Dhar et al. 2006 Ml_dLCancer 5(9):209 showed that nouse
enbryoni ¢ MSC, when i nduced by tunor-cell derived conditioned nmedium can
be differentiated into cells expressing pericyte marker a-SMA and desm n

and attach, t {]»9{ Qla‘éﬁ% Ghet- ah@agérhé ?u@éﬁgvdeﬁa‘élr}ﬁf? Slgagltftl]lg% g'iell;ulg\évas

denonstriated- peri cy € 1S0 romvari ous
skel et al mus€dcgrs.pancr eas, adi pose ti ssue and pl-acenta | ack haemat opoi etic
and mat ure endot hel i al ceII mar kers, .share narkers with MSC in vitro and in

vivo and can di ff Eiedfishews rwtvéﬁua@sﬁ%géﬁéammq PFRYAeEbrang fogyRgdLyt es,

ost eobl ast s

3:301- 313, rg\g?g&eg%ﬂg O(P%%Engglnﬁag&ée@gﬁ hs %%%gu Arterd osc% ergwhgqn%‘;e{}gge’aléwol
30(6) : 110%- 1dDBensity (aosrespmdmgﬂhy densitypirvas plotad f@Mblaedr comprbbmediaoe niddée t o
or indeed are l\(/f In contrast, other work has shown that pericytes
around f r eshFRAEONFSPYRSEISEEPTEERIRSS haemmt opoi etic markers |ike |eukocyte
mar ker CD45 and nonocyte marker CD1lb in various nodels of induction of
angi ogenesis (Rajantie et al. 2004, Ozerdemet al. 2005). Song et al.

(2009) denonstrated that pericytes express the haematopoietic 25progenitor

cel |l marker HHEEAILED DERCRIRHION OScBHE)INVIBWENEY t hey coul d not detect the
expression of CDllb (Song et al. (2009) Cancer Res, 69(15):6057-6064). This
difference is |ik&bycydescorigmate fiber e marney,doit mhsthef thsanm be agsigngd ita the2

k 4 week duct. trigel
Bl a0 acsby  THBGRENETLer TGO e TAREc e S MOtera Fyr 0t el Bssel
formation (agnEeehl Degh BROCAcHSI9)HDRhEWEY B8 nlddsNEh @h@tmscpw&em tor

cell markers CD34 and Sca-1, and pan_ | eukocyte marker during early

stages of angidvgeshesivsnqrel ges vest canditiopod 8)cdmay.edan ;bﬁérfferem%%@l)ﬁ@@’-ﬂSSSZ)
the col 15 oxprieetiigeperieayr Bt dRegenod dai e Mol ORI i
F4/80. Cel | si£¥%pb SafthRemer! ¥ wicde@bndtdtdOthat ReR|ELiS fronevfickk hAmBhesent .
This | ndllSC at grsgagst] ﬁ{(e skeletal muscle, pancreas, adipose tissue and placenta lack haematopoietic
and mature endothelial cell markers, share markers with MSC in vitro and in vivo and
can differentiate in various mesenchymal lineages like adipocytes, osteoblasts and
chondrocytes (Crisan et al., 2008 Cell Stem Cell, 3:301-313, reviewed by Corselli et al.
2010 Arterioscler Thromb Vasc Biol, 30(6):1104-1109). It is currently accepted that
20  pericytes give rise to or indeed are MSC.
In contrast, other work has shown that pericytes around freshly formed vessels
express haematopoietic markers like leukocyte marker CD45 and monocyte marker
CD11b in various models of induction of angiogenesis (Rajantie et al. 2004, Ozerdem et
al. 2005). Song et al. (2009) demonstrated that pericytes express the haematopoietic
25  progenitor cell marker stem cell antigen-1 (Sca-1), however they could not detect the
expression of CD11b (Song et al. (2009) Cancer Res, 69(15):6057-6064). This

difference is likely due to different time points of sample analysis (2 weeks and 4 weeks

~ post angiogenic induction, respectively). In a matrigel plug assay Tigges et al. found



pericytes recruited during blood vessel formation are of haenatopoietic and
nore specifically, nonocytic origin. These diverging views in the

| iteraturwoizntiieare t hat different research groups m ghPCh&G201d88e83 bed

di fferent pericyte popul ations. 10Wile pr#tocols for pericyte isolation
frommature tissues are established, described hereinis a way to isolate
or generate pericyte progenitors fron1periphera| bl ood. As shown herein,

this cell F?Hétg)‘eh esdﬁJt oﬁgﬁdﬁéci)%és ofth %ﬁ)n@g Hés%n&fec{ é&%)eblﬁ%?sopéxﬁ}’é a_key

role in the ons esl s ore peric rogenitors-are the

i deal cells f}mmhﬂ@pmapeptdgemltorauag|n@gb¢1eﬂm4cnrnd&a+ I aednpzﬁr lehktmyaqomarker
15Remar kably, cells of npnocytic origin that show nesenchymal features were
descri bed tvm@%45 ﬁHrIP&EaIéVaift?%PSQ’éagglaéeflﬁﬁlé&ﬁ%@? #el (HNShPRYsIaPMBHogeni t or

|1 d I
Ned, 1(1): 718100 RaaR s oo Aahsse |PIFEKE ShptPHF UG, ol s 0L
al . (2003} Prccdiatekprssing firicytdSaarkeDNI(R)alsprédddilinacrSphayeimarker E4|/80 d o
B LGe body  SHeTBEXReS L Neek PRt TP ARECk WG T A RESeR AP AR GHEGER ¢ or
cells, res peg,ghxﬁwrec%d bifRs ¥lob8aeagl foPmbfidH a&%?hgahét%&e&@m hbRns for

bone marrow deri'ved progenitors were better tunable to generate [arge
nunbers of depéaichllyemogoaytticlogigpe i hp$aedla¢rgb1goodwsrmthe hicratareriodidatoltieegk i n
this regard. Per tes have en kno | s that are.associ ated
with the wal |d§‘?%¥ PrtIFseRYC %"‘H?%B‘%hggas@é*éécrﬁé rﬁ‘& RERGKE PRPUlEHS) | 60d- br ai n
barrier. jghat t hewnil€pRitoltsE pdritsie 3618t RBR Ratbfe ﬁs%u@é)e{r@ BéthBished,
progenitors is beginning to dawn on the stemcell field (Crisan et ‘al .

(2008) Cel | sif:@mb@éherelr@sao&ayamgolatmmate ph@gymamem@rbéromqrmheml from

2012/ 125123pENCC T RBORS R Cetl SN Tioh i RERTISAHRE o REETE Mo ey

bi ot echnol ogyl4skatkeprole iwigenestaifangibpétesial Tb[eréﬁkeey@{tztd'ptﬂgﬁﬁ@rﬁrelﬂﬁil cyte
i ke cells wi_.th an angi ogeni otential in vivo for e treatment of

i scheni ¢ di sadesbeellydar &bé{aéﬁ‘ﬂtlcé[) pRgiogeaRs epditepacertiierapyat f or m enabl es t he
f ab i | ood
donat on T8 e g Retlcltiy, stAPoRnBAATEL BABH fia (RblInl LR Bt RiEs BeROT

week of cell desdribadi ewick: iR ahe ey A0 § Wbo@bmhnésaﬁdl@hﬁﬂ pro@émkcﬁ‘ cem anilhan
t he nost current prot ocols can generate as bl ood-borne nesenc 7%/

progeni t or cé‘F?a&e(l%Mr?&tlé‘ite‘émonQ@Ggs (Bucglaiebal. £997) Mpl Mpd, 3613
Speci fical |y g fe50% {Qe@z(ogg); PLBuKOR ]5‘15'1679@5'%@8&19%%% ar. ?ﬁ’k&rNQc Acad

pericyte 10progenitors o referred herein as pericyté’ progenitor
cells) from [Set UBAeil @0(SpP4i2$d2431). Surprisingly, peripheral blood, an easily obtainable cell
20  source, was marginalised by a huge body of work on bone marrow-derived MSC’s and
mesenchymal progenitor cells, respectively. One likely reason is that the culture
conditions for bone marrow-derived progenitors were better tunable to generate large
numbers of desired cells while peripheral blood work hit a road block in this regard.
Pericytes have long been known as cells that are associated with the walls of small
25  blood vessels including those of the blood-brain barrier. What they are and what they
are capable of as potential progenitors is beginning to dawn on the stem cell field

(Crisan et al. (2008) Cell Stem Cell, 3:301-313). However, they have to be purified

from microvasculature-rich homogenised tissue (e.g. from muscle, placenta).



Usi ng a bi otechnol ogi cal platform of nmacronol ecul ar crowdi ng (M),
fibronectin coated wells and crude buffy coat cultures, spindle and

pol ygonalwehapedseel | s expressing platel et derived growphTiSageerodss
(PDGFR-1) and neuron-glial antigen (NG) were generated in clinically

rel evant nunbers. As shown herein, 40 mllion pericyte 15 progenitors could
be generated from one bl ood donation (400nmiL) in one week. Interestingly,

t he pericyte prog i i | Aot s of host
def ense properltlgngﬁ&ﬁg%g%n qgeg%%&%@gPh&ﬁgé@%ﬂ&ﬁ@g%&%gg%Jggﬁgég W th
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net wor ks. Al sqQ shown_ herein is _that cyte progenitors enhanced
endot hel ial ¥fthout 3ddifions g@%‘b&‘f‘%ﬂ gﬁ%mé? fhan HUPOTLPHITeRHATPREOIE SABUL i ng.

The pericyte gwg§ Whits [ hance
capillary spfggﬁ?i&ggk ﬁogc %ﬁ rou g)ﬁg%eﬁgg}s%ﬁm(gtl onétgszgr?\gdgt Cetah&gl
cells. thhodhddéﬁﬁ)ﬂhbﬂ4ﬁﬁreln use peri pheral bIood to generate pericytes
for revascul ari satj on sﬁégte [ a m.nimlly invasi rocedure . with | ow

|.es
risk and froma r SRESAEER F‘S%d hetein s the, gepgratipn ap P‘t"ﬁ at*&@ PPriGdf ein, 9
macr onol ggul gf é%wé (A6 W8S dB ek ggpefﬁﬁeoprbg@umagg%npﬁ&%efaq grooael I

count by 5t fold.” Thus, provided herein are pericyte progenitor cell
(e.g., isol atlbdlg]@blptryh@lmlg@eplmfomm Qfenacsqrnolnemlhwswfimg (gﬁ%@b,dﬁbrngecparl cyt e

it | nb t
by ng o FOHET el i i i Aree sl L SR ARE SR of usi ng
the pericyt ecRprogeiy ;Slerele@ﬁHn?ed ﬁ@h@&&@ﬂlQpD@H&@)&ﬁiﬁeﬁr&a@hmnﬁgéﬂN@g in

an autol ogous fashion in a clinically relevant tinme frame, which opens up
new avenues Msre genetsiteshioirinically relevanipymbers, As shown heseinndthmillipn periosder c

Ui ssue. AECorolnglarsiyARE ARBSEH rchfnd ONSRUAAROR M5 Sk ey, 0! ot o

pericyte pendi hg upon ron,

pericyte profasickigy,aldpaitoproyeritves did ndDetpreRHKeA DRI a&ﬁéauhgdhéﬂl@s@om
(sone (e.g., two or nore) of the markers; only sone (e.g., tw) of the

mar kers). Thhest defase Biopatitias ofananogytes prdyasropbrgcs eVingn é%rﬁu}élﬁﬁ% Miihhuman
consi st essepphal| \>é119£1%doﬂ¥efl]1§f)&§ll ZHUQ?E “ﬁle eri Z> d&éen&&% e%i ‘%ﬁ?&{' bed
aspect, t

herei n. 151 n one e 1 nventlon |re 0] |so perlc
progeni t or ceapillary tubes formed and attained perlcyt¢ locations. They were neatly attached along

20  the tubes and loosely associated with sprouting points. When co-culture experiments
were repeated with mesenchymal stem cells no tubes but only cell aggregates were
formed. Monoyte-derived macrophages failed to co-localize with forming capillary
networks. Also shown herein is that pericyte progenitors enhanced endothelial sprouting
and supported endothelial survival during sprouting. The pericyte progenitors expressed

25  pro-angiogenic factors, which enhance capillary sprouting directly and through the
stimulation of endothelial cells. Methods described herein use peripheral blood to
generate pericytes for revascularisation strategies, a minimally invasive procedure with

low risk and from a renewable source. As described in further detail herein,



whi ch express platelet-derived gromh factor (3 (PDGFR-f3) and neuron-gli al
antigen 2 (N&). In another aspect, the invention is directed to isol ated
pericyt e WoegNi261@8s whi ch express one or nore narkers ®EISG2RH00083¢ei n. | n
a particular aspect, the invention is di rgyted to isolated pericyte
progenltors whi ch express platel et-derived 20gromh factor f3 (PDGFR-f3),
neuron-glial antigen 2 (N&), Tie-2, vascular endothelial growh factor
receptor-1. ( t

eoePtor SR EoE e TR e bORS RO brok ot L) 3001

nmuscl e acti oo 63IIMA), desm n, CD206 CD29, one or nore pro-angi ogeic
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CD73, CD 166 or a conbination thereof. As descrl bed herein the isolate
progenitor cangvcmeslfmrmthlng@mwleH)thdr@ybzt gso(br\l@stmdm ofirsdhaicltsew. | ze at

sprouting points (growth . points) of vesse |cul r aspect,
the isol ated peri &98%%88}1?‘160%1’%%1 ﬁ?‘g RG] reﬁtgfi t%iﬁpga?%#]%%‘é % or ceI | s.
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tag. As used herel n, "isolated,” "substantially pure, stantially pure
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aspect to, PR SRR BOTPORERAR LT e Y SARRHRRLE: plods RS gt o

or the cul t ucempHel, uamm;eﬁsenﬁ@l@ua@dr &l}hs_fsﬁ@ﬁ(ﬁﬁbl drandre E etethaikes. deSdribeien cal
precursors or other chem cals when chem cally synthesized. |In other

i nst ances, thereiol ated material will formpart of a conposition (for

eagent e 1y f oheRpec BBl B ARe R LA S MR E R AN o o

essenti al horugenedprass plateletedeaivpd groveth fatedref (HDEERP) ahd avuroyighakbirtigen gel
el ect rophor esj agand the |ike. ‘gr eferably, .isolated pe[| cyte progenitor

cel I's conpri §802)- In aaetheraspeqt. hodpvention lsgbt?&teéé%so RETICYSRIP SR Sp| ar
basi s) of al lyHBroHak 864'bAMoRPRGIKER d¥s& MRl herein. In a particular aspect, the

invention is directed to isolated pericyte progenitors which express platelet-derived
. 20 growth factor § (PDGFR-), neuron-glial antigen 2 (NG2), Tie-2, vascular endothelial
growth factor receptor-1 (VEGFR-1), VEGFR-2 or a combination thereof. In yet

snoot h

another aspect, the isolated pericyte progenitor cells can further express o smooth
muscle action (a-SMA), desmin, CD206, CD29, one or more pro-angiogeic factors, or a
combination thereof. Examples of pro-angiogenic factors which the pericyte progenitors
25  express include granulocyte macrophage colony stimulating factor (GM-CSF), vascular
endothelial growth factor (VEGF), interleukin-8 (IL-8), CXC16, matrix
metalloproteinase-9 (MMP-9), urokinase type plasminogen activator (uPA), monocyte

chemoattractant protein-1 (MCP-1) or a combination thereof.



I n anot her aspect, the invention is directed to a nethod of obtaining
pericyte 20 progenitor cells conprising culturing blood cells with a matrix
to whi ch Wel2bp/ean3attach and one or nore organi c- basedPRFHGEMHI200I083
macronol ecul es, thereby producing a cell _ggl.ture. The cell culture is

mai nt ai ned under conditions in which pericyte progenitor cells are
generated (e.g., expanded, increased) in the cell culture, thereby

obt ai ni ng peri cyt g, gt A1 e UleisoBADABRE AR ARRER ot blifes! 000

cells used in the ne arnrn e progenit
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bl ood bank) ; eglsig SHma RS PEEPPTIClT- st PEifaR PRI ETR en
progeni tors \Wikler BEmpese @a&&&g@g}agum ng methods 5 routine to those of

skill in the art. For exanple, as described herein, PMBCs can be obtained

fromthe huffy codds usagbereut, "laolbteddd'sslasmpmellr euxg,”, "sabstmiailywaagmdaiscdateﬁ'l ood

Tl bl hod el o8 hifo R Rop R bt KRN rabdiifhr sellp. ity GROMSHRY are

macronol egul 8gpadtedroa, besubsahtiSIBEEbRAGIGHRNERBpdR I, BitSconpledcdlRldringilib@ in
aspect, the blood 10 cells can be contacted with the matrix and one or nore

macr onol ecul &dich thg el natwaliy oces) ardhe erdture mgdim whenpwdoown! yeterembipant

oPl'ss ot o AuBRR-EBELBHGUR PRt e AARiER LRLFIEmENLARA2RE B0,

cell's are naotRt idtnce, k. isdlated enaterl eill fi@nbpa06f £edrpositim (e axainphy, @
(e.g., human), canine, feline, bovine, equine, and the |ike. 15As noted

herein, the SBIEEFiractsPRigEtng @herc%abétémelshtbpgﬁr $yistesn, §aﬁ$ﬂgént(@v<g In ygt ¢shefod
sanpl e) §an Qﬁcﬁrﬁﬁ%.rﬁ%§etﬂe ﬁﬁfpég{a% Iﬁlggfal:"ﬁuhﬁe@{%oé&exﬁ T%rﬂo 9 fBP@x 1ods

descri bed herein aspects e pe y € progeni t'or cell
count in a sdatlminedby flow mwmasﬁcgebgleahmhbrezrsfanﬂdhe ]:Bkef relferably, asadated- f ol d,

or 6-fold using the rrethods descri. bed, her n i C I r ect .
100, 000 per i E§HYHPWSENIYSEIE eqmPsg Rt feagta gt %4%0@%2‘50%09? 198531 ﬁ"/ (on

anot her aspegtmoabiRidis) épalmatﬂo%l&%[drgl}{é&esw’r%gpl tor cells can be obtained
froma single unit of donated blood (e.g., about 400 nl bl ood).

In another aspect, the invention is directed to a method of obtaining pericyte

20  progenitor cells comprising culturing blood cells with a matrix to which cells can attach
and one or more organic-based hydrophilic macromolecules, thereby producing a cell
culture. The cell culture is maintained under conditions in which pericyte progenitor
cells are generated (e.g., expanded, increased) in the cell culture, thereby obtaining
pericyte progenitor cells.

25 In particular aspects, the blood cells used in the methods of obtaining the
pericyte progenitor cells are white blood cells (e.g., lymphocytes, monocytes,
macrophages). In one aspect, the white blood cells are peripheral blood mononuclear
cells (PBMCs, e.g., isolated PMBCs). PMBCs can be obtained, for example, from

commercial sources or obtained from (e.g., isolated) a source in which they normally



In the nethods of the invention, the blood cells are cultured with a matrix
(scaffold) to which the cells can attach during culture. As known to those
of skill WO201128128, there are a variety of biol ogi cal | PCTEGRI2000083

matri ces used for culturlng cells. The 25§ptrix can be used as a thin
coating on tissue-culture surfaces (e.g., culture plates, wells) to pronote
attachnent, spreading, and proliferation of a variety of cell types
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concentratio el% nﬁ%{)%&k?(wb%celﬁ%@t gb@ ﬁb%op%éln‘s?&nﬁ g-owded’ rather

t han ' concen ecause enera no si hgl e nmacronol ecul ar speci es
occurs at hi gh 15hc0ﬂhelem)e<a§ ltbenblbuﬂ pelﬂsﬁd(‘e matrmgatdh&fells doe exarhplealie blovd! ume

occupancy of 20-30% of, a given specific v poi.nted qut by Ellis
(2001) and MEHSHRD O@Ga)atfe:ﬁe Wﬁw&w%ﬁ*&?@wrr@se%@e BBt e 1€ nodynani ¢
and kinejgc effechg { g&(; '\ljé?en?rtﬁg ﬁdy%é?agemd?%an&?&w%i%eag%%og&t EFilo‘éant

general ly appreciate Bi ol

R, Trends Bsaupleywasdie, lnﬁ‘ﬁéibﬂ)ib&ﬁb'—ﬁﬂ)dlto( #0019-YoldBiswigdly mathod®described

macr onol ecul gs su%g as enzymes have ﬁvo ved to fu ctl1 QSI de such c%owded
envi r onnment s €8 k%ﬁ%?@l?ﬁ%a%?t&ﬂ & BT PREFYIPT 6F" FP'OY &7 A SYRBC

i nsi de bact efjceakéd®y fbout 2lfbldi 3-fbR, 41F61d SuTGIA, &f 6-RAQuAY tigd MethbBSaQERb&C I ar
crowdi ng causes an excl uded volune effect (EVE), becauSe the npst basic

char act er i st hereof. Irca pavticwlgr aspeett $0G,80¢ prricyte progenltor cell perl ml of blood is

20 . .obtained. In another aspect, about 40 million pericyte progenitor cells can be obtained

from a single unit of donated blood (e.g., about 400 ml blood).
In the methods of the invention, the blood cells are cultured with a matrix

(scaffold) to which the cells can attach during culture. As known to those of skill in the
art, there are a variety of biologically compatible matrices used for culturing cells. The

25  matrix can be used as a thin coating on tissue-chlture surfaces (e.g., culture plates,
wells) to promote attachment, spreading, and proliferation of a variety of cell types.
Examples include extracellular matrices, hydrogels and polymer scaffolds (e.g.,
polyethylene glycol (PEG) scaffolds). In one aspect, the matrix is all or a portion of an

extracellular matrix (ECM). ECMs can be composed of proteins such as collagen and



mut ual inpenetrability of all solute nolecules. This nonspecific steric
repul sion is 25al ways present, regardless of any other attractive or

repul si vewondegy@ast2Bons that m ght occur between the sol RCE&SGR0®00083. Thus,
crowding is an inevitable hallmark of thejpntracellular mlieu of all
carbon-based life-forns on earth (reviewed in Ellis, RJ, Trends Bi ochem
Sci, 26(10):597-604 (2001)). The effects resulting from macronol ecul ar

crowdi ng are efltil ﬁ{agger{/@?s; X eg‘&ﬁ@ Tl defS, ds WelllNR debyidrls 5f é‘%ﬁ)u& Bahe m:ﬁrl}'%aﬂds

estimates of enzyne cata reaction rates and equi ria rra
uncr owded soland grvah ifactdrks eE(ﬂMstcam bbeatdrdlliyerxcciloying(egr, sxivdcterthdgiCMside from
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whi ch ar 0 hehfikéd inBeromplicalae Browding e pamicalhr asbediethp celhcdrp bentadted with
macr onol ecul ar crowdi ng al so reigns in the extracellular environnent. Cells

are surr ound&HRle g ubYe thire quf?f‘Bb?’Fl@éﬁn?r@é?eérhYﬁgmm tsmagippRlecale t hei r
native mcroenvir %”{fﬁ?&cteréﬂ@ f*the%mo%ﬂv?&ﬁﬁéfm% h cEid fslﬂﬁeemgf? RshSts of

pl aci ng adhering cells on support (tissue culture Past | ot her
mat eri al s) ocokeapatigh dfhmaromokusipe Saiclh meidia aae) teemad dmxddeﬂ' ranloimthamndl tions

that do not reflect t crowded 20, environnent fr whi ch the have. been
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the full est BOI&RARN bt ntafcélﬁ%geth&r haDubREHP a SHRIME 66&@{3&@9%@26'3’@%&@5" c

cells are grown under crowd ondit1ions using negatively charged crowders,
enzymati c st gpsnapeificvadhmeat e dointedtout by ilad (2008 adpditen @A00drewding by
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macromolecules that are not generally appreciated (Minton, AP, Curr Biol, 10(3):R97-9
(2000); Ellis, RJ, Trends Biochem Sci, 26(10):597-604 (2001)). Biological

20  macromolecules such as enzymes have evolved to function inside such crowded
environments. For example, the total concentration of protein and RNA inside bacteria
like E. coli is in the range of 300-400 g/l. Macromolecular crowding causes an excluded
volume effect (EVE), because the most basic characteristic of crowding agents is the
mutual impenetrability of all solute molecules. This nonspecific steric repulsion is

25  always present, regardless of any other attractive or repulsive interactions that might
occur between the solute molecules. Thus, crowding is an inevitable hallmark of the
intracellular milieu of all carbon-based life-forms on earth (reviewed in Ellis, RJ,

Trends Biochem Sci, 26(10):597-604 (2001)). The effects resulting from

macromolecular crowding are so large that authorities in the field state that many



As used herein "macronol ecul ar crowders” are inert macronol ecul es and can
be of any shape (e.g., spherical shape), and are typically of neutral or
negati ve Wonbr¢RSharge with a nol ecul ar wei ght above aBOWSG3OI20DN3Esee WO
2011/ 108993, which is herein incorporatedgy reference). In a particular
aspect, the macronol ecules are WO 2012/125123PCT/SG2012/000083 - 14 -

car bohydrat e based The macr onol ecul es according to the invention may have
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carbohydrateZQEQEQ97nQMoth?cuIe of the invention nmay be a pol ynmer of

gl ucose and/or sucrose. Particul ar exanples of the macronol ecul e according
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(neutral dextran 410; neutral dextran 67 PVP 36 | ul an, dextran
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m xture of Ficoll Tm70 and Fi col | TM00. Ficoll can be obtained from
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t he solution 20091); Riaghungth, Meer al. WO 2008/018839 Al, all of which are herein incorporated

by reference).

15 The principle of macromolecular crowding also reigns in the extracellular
environment. Cells are surrounded by soluble and immobilised macromolecules which
form their native microenvironment. Again, contemporary cell culture consists of
placing adhering cells on a support (tissue culture plastic or other materials) or keeping
them in suspension in aqueous media under conditions that do not reflect the crowded

20  environment from which they have been originally derived. Thus, they cannot exert
they physiological function to the fullest potential. In fact, it has been shown that when
fibrogenic cells are grown under crowded conditions using negatively charged
crowders, enzymatic steps are accelerated that control the deposition rate of collagen
(Lareu, RR., et al.,, Tissue Engineering, 13(2):385-391 (2007a); Lareu, RR., et al,,

25  FEBS Lett, 581(14):2709-2714 (2007Db)).

As used herein “macromolecular crowders” are inert macromolecules and can be
of any shape (e.g., spherical shape), and are typically of neutral or negative surface
charge with a molecular weight above about 50 kDa (see WO 2011/108993, which is

herein incorporated by reference). In a particular aspect, the macromolecules are



20 macronol ecul e according to the invention nmay have a viscosity of |ess

t han about 2nPa-s. For exanple, a viscosity of about 1.75 nPa-s, 1.5 nPa-s,
1. 25 nPa-WO0 201A25R30. 75 nPa-s, 0.5 nPa-s, or 0.25 nPa- sPCT/SG2012/000083 yet

ot her aspects, the nmacronol ecul e can have 18 _hydrodynam c radi us range of
from about 2nmto about 50nm from about 5nmto about 20nm or from about

| Ohm 25 to about 15nm In some aspects, the total macronol ecul ar

b0t 10 Bomg e e T ol A e G R Ao P05 i
"hyet of her saldtrovapia ftbé dhanm 50D ahdt LIOLBR, Brpéeific aspecabtnt

Fi ool | Tng0 prelgabarateigh b heomearplssuisns 2t 300! (g 0. SO0 ARG 505 w00
at a concent iggh ), 8 1@)05&%9%?%%@& agpell, ﬁk%rgaﬂlaﬁﬁﬁﬁfmaclr&n&te&ﬁé

particul ar aspects, the macronol ecul e may be Ficol [ Tm/0 present at a
concent r afi omcairdipg %o gig. 16vngp/t1nn 1samcHrboh)ﬁ|ra10-lbb%dﬁﬁﬁr<&ﬁnlw mwa¢romotacalkei bor of

2.5-25nmg/ t | t,.th t |1
2 oo Sl e L S Shte e AL i e BT bf RBoRTERP T

at a concent pafcdhQNadiforabeiéke. %anmr@&axams bf @R IthabrdtAdledile dccRMagnd it i on of

about 25ng/ m. The concentratiopn, of nacronpl ecules for use in the
present i nvemvestiow ineludeicatie (YQL Elqplé é’(ﬂ)ob@@wnmﬁrﬁéldvm (H?ép)ﬁractl on
occupancy. As t hose |t|on of a
sol ution contgg( Cﬁ?aﬁ%‘nﬁ’/ér Canls’asruﬁgr ?’r}%lmescouflgey Co%amm 91 lu? r|510I ynmers,
i s nost ¢onvedikeind thgreek [Bpesisiea 19 Yhd Mbohwfauéreas‘eﬂaﬂécr@ﬂolé&)le caﬁ bé mbu%o
fraction occupanqlﬁWV\hl ch is the volune of polynmer used to prepare the

sol ution di vifeed b90G Hexteamrnetral Hﬁ’étr%ﬂdpﬁﬁﬁéal GPX%]&TBP@E% Idéx%?f*i’oﬂohBV\‘/)ol ume
of the sol Ve%Okaé‘ " J&BQE BRE o @% Lthc %ﬁb%ﬂﬁ@%ﬁfﬁ@%@%

with the one or € ’macrom) ecul ogi ca evant
fracti on occypléme, yhepiuﬁn suifiaee, depeatan sulfaee b aaﬂnoguneethéryoﬁ &l pardadlavapedts the

bl o1 001 al | v RO RYHE- aolhaboytd OB o oLl Ty TP RBBRT SBS8t Be about
25% fromab t(f?g &ﬁ’ar%l?&%er%gﬁ&e ﬁlntﬂe H&m&?g%lx&@e@mcéﬁf@% ah@% Thus, in

the nethods o I nvention vol unme fraction occupancy is about 3%
4% 5% 6% Ficondl4@Fieihcan bepobhindd fi@comBicidsvmrcessGeh b8 Bmarshagm 18%

ég:ﬁ?[ i (Zzgi%ar aﬁb‘éséfze%%‘fsﬁ’é%ﬁ?cﬁﬁ%z? gﬁ%y%&iﬁ‘é 70/“\‘2}80 ﬁég;‘/'(l)ugé‘?ﬁ%%%@@t?gancy is

about 15% ThpgoMEes@W860!1400KPH) RRleASHREgEONImBeragld3oul ture in a variety
of ways. For exanple, the macronol ecul es are added as a powder or |iquid

into cul ture nedi llmpth%meﬁe,r@fbhq/methqés amwteddnre@m tbmwlhm@ml@@mﬂ@ does
not si gng{lll cantl |ncrease &1 se¢Osi e cell cul hum The

nedi-um. c ¢ Fl%aﬁr lgcf Ug fqeording to t'he 1nven1 mla?'thh}/e av1scos]1ty tfllle:ss t}gma] out

es
aspect, the thwb. For @@ﬁiﬂ@}@wﬁ:@ﬁﬂﬁbﬂﬂao&t C.opaiPmag, IICBWmPﬁ-sFDQ?QxI&D@lEﬁ’aAsOO-

0.75 mPa-s, 0.5 mPa-s, or 0.25 mPa-s.
In yet other aspects, the macromolecule can have a hydrodynamic radius range
of from about 2nm to about 50nm, from about Snm to about 20nm or from about 10nm
25 toabout 15nm. -
. In some aspects, the total macromolecular concentration is about 2.5-100mg/ml,
and in other aspects, about 5-90mg/ml, about 10-80mg/ml, about 20-70mg/ml, about
30-60mg/ml, about 40-50mg/ml, and in yet other aspects about 10-40mg/ml, about 10-

62.5mg/ml, or about 10-37.5mg/ml. In particular aspects, the macromolecule may be



WO 2012/ 125123PCT/ SG2012/ 000083 - 16 - As wi Il be appreciated by
those of skill in the art, additional nacronol ecul ar crowders can be added
to the ceWD 2026128 nmedi um I n one aspect, the additi onRCTEGRNWIONESI | S
either a neutrally charged crowder (e.g.,1PVP) or a negatively charged
crowder (e.g., Dextran sulfate 500 kDa) (e.g., see WD 2011/108993, which is

herein 5incorporated by reference). In particular aspects, the method
conpri ses CO’FE E\fﬁt%@é l?&lc%&{}lo%tof'zeﬁéo PLA@0t FicBABEMHoRY dr ophi lic
macr onol ecul e o neu surface ange. In er aspects, the nethod

conpri ses cokbaehiragort 6f2.5-400mgmhl; br 4 mixtate themef. It vtheopaytivuler dspses, the
hydr ophi lic macrom)le ul e havi.nga | ecul ar wei ht of to, 1 Da and
et al s GRFEINERF 5Oy Dy ol 40 Presst ot bRk ol SHFDBHL P
macr onol ecul %IJWMM& rRfbdtiratish €2 gfz Og/ﬁlﬁ%rﬂlﬁﬂqe BRI IFaEn aswﬁlaﬂgr

change, or (c) at east two organi c- based hydrophi|ic macronolecul e havi ng
a nol ecul ar \ameghtha)s‘telﬁ@klﬂaaarb@om@ae&mthmrbtmyﬂrm bagd neeceoredlacule conbi ned

ki ght of 5OEDRIOENE SOk o Lk sPBRTaCoRBF FERIE 37 o gt} ol G0t

or gani c- basedohcdiriiy ot dbolieEImgmiiecul e having a nol ecul ar wei ght of 50kDa
to 1000kDa and neutral surface charge conbined with a third organic-based
hydr ophi | i ¢ macr orfiik sendeatraer @fgn@prqmpb@ulleaformﬁ ghthe pressaidmecntion ranekpa and

havi ng a negati v eutral sur ace. char The net:hod of .obt al n
pericyte pro Sﬁf‘lf'élla{eggﬁa?esd PLHEg rutnhefacélc? Fc%pgnﬁ}ét SO tﬁd‘g"sf iof f[(@qn the
progeni t 00 -cattl telcBmpbsticebl a SallitioH a)ntzﬁnMgrvle@tMrgefm@e&m@ﬁ@n@admaecms@d to
det ect perlcyte progenitors. In one aspect, the nethod for detectlng

pericyte progediasgroluessds swhranyesicptbt earesied bethes vahimsniracioa @)t of t he

t d s
nour on- gt al o R0 F Rt Aol ME Dol R holliher B Ebitpare e
receptor-1 (VEGEG dividedEgHtR 2ym CDEA6valume of mﬂarmﬁcblemﬂe ahdthe vohizidsf thBown

herein, the cells are maintained under.c nd| ions in which pericyte
progeni t or cé&fl wgntamﬁegw&%ﬁéasqlﬁ%ﬂwm@?@e lsarp sorfacted ®itb4Be9ns oF Mg cel |

cul ture f I eased
ﬁfl c%d?ﬁol&&ﬁé‘seﬂta b%lb%@zsmfe nnfﬁféw&ﬁnpm S&c%{el?%ﬁk B B dsp&t!

in the ce ture conpar ed bl ood ce ot contact ed
with the mat rthexblo]togfcaﬂﬁmmrmt edumarfractiomdenupamayds frormahout aYate cbowtcd’. In
suitable Com(j)!chtelr gs%sé%ts tﬁe \éarlogelggilyorfeleggrtltr{/% lfmg gacth)%l orclztcgf)arrlllcg gs ttr(t]r% about 5% to
about 25%, from about 10% to about 20% and from about 12% to about 15%. Thus, in
the methods of the invention, the volume fraction occupancy is about 3%, 4%, 5%, 6%,
20 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%,
22%, 23%, 24%, 25%, 26%, 27%, 28%, 29% or 30%. In a particular aspect, the
biologically relevant volume fraction occupancy is about 15%.
The macromolecule can be added to the cell culture in a variety of ways. For
example, the macromolecules are added as a powder or liquid into culture medium.
25  Preferably, the addition of the macromolecule does not significantly increase the
viscosity of the cell culture medium. The medium can then be sterilized, e.g. via

filtration, if desired. In one aspect, the crowding cocktail contains a combination of Fc

70 and Fc 400.



- 17 - cell culture under conditions in which the pericyte progenitor cells
proliferate can be used and are known to those of skill in the art. Such
met hods iWOl20024125128r oduci ng agents such as serum (e. g., PCES&R0BH00088 ser um
(FBS) or human serum), growth factors, anggbiotics and the like into the
culture, maintaining the cell culture under serum starved 5conditions or in
an expansi on nediumetc. As used herein, the expression "proliferation" or

‘proliferating' i upfthd dbpid-hudRghBte SRANI HNEAR, RERIEPhEhRRIRANST On

of cells or tissue, including ce gr owt VI Si on. % e term
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progenitor cells efers to the preseryation of t "progeni.tqrness" of the
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condi tions under whith the cell culturé 1S maintained conprise maintaining

the cell &ul incogpaattedbpmtfeBi@)i n an at nosphere of about 5% CO2195% air. As
the art, the cel | ture

will also be appreciat.ed by those of .skill in !
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(2D) 15and/ obrgamfti bERB$ hediaphilid nidcrddiib AN BERYutrall 181466 bhange A JIRerGpdcw, ed
for any nunber of days and will depend upon the desired outcone (e.g., the

desired concémmethpdpeompriges cpeipetingihe gelli wish (&l legyt tworprganperbasedul ar

aspect, the cells, are cultur [ t 0 1 about 3
days to abou?l yfgrgp l@llgi;c/gl}acg%%ﬁf g“ge h%‘g}gg ? gryoé%cgltﬂ%%glgé);g??%%h P‘g)"g?yéz“‘“%‘o about
30 days, 1@boututthl 20rfshaychaitge, GGVt 1¢ast 0AY Srgadic-tsedlihydBostdlis niacroadedule’ days.

The net hod of aqbtai ni ng peri@gélte 0orogenitor cells can further conprise

i sol ating t hBayeg pegdivs rgpgeeh? todUnmpandngytghsurfase shangener (Chat lgast B any
variety of S L1yt ] icyte
brogen; tor cora AR RRbRPRRimalt UERERL » it kR MRAR o SOPR
matri x and expo®dixa pidateatrel sudfacs steigegecmbihed with arthif® ofgahicFasePbyid3ypphihad

neUr o oL e bR s PSS B Rap AR AL

15  (d) at least two organic-based hydrophilic macromolecule having a molecular weight of
50kDa to 1000kDa and neutral surface charge combined with a third organic-based
hydrophilic macromolecule having a molecular weight of 50kDa to 1000kDa and
having a negative or neutral surface charge.

The method of obtaining pericyte progenitor cells can further comprise detecting

20  pericyte progenitor cells in the cell culture. A variety of methods can be used to detect
pericyte progenitors. In one aspect, the method for detecting pericyte progenitor cells
comprises detecting cells which adhere to the matrix and express platelet-derived
growth factor B (PDGFR-B), neuron-glial antigen 2 (NG2), Tie-2, vascular endothelial
growth factor receptor-1 (VEGFR-1), VEGFR-2, CD206 or a combination thereof.

25 As shown herein, the cells are maintained under conditions in which pericyte
progenitor cells are generated (proliferate, expand, increase) in the cell culture (e.g., the
concentration of pericyte progenitor cells are increased in the cell culture compared to
when the blood cells were not contacted with the matrix, the macromolecular crowders

and/or maintained under suitable conditions). A variety of methods for maintaining the



I n anot her aspect, the invention is directed to pericyte progenitor cells
produced by the nethods described herein. As will be appreciated by those
of skill WO201128128, the pericyte progenitor cells can ®O6FEG26RH0SS abel
that can be detected directly or indirecthy. - 18 - (a detectable |abel)
using a variety of techniques known to those of skill in the art. A variety
of labels that can'be attached to a cell and thereby capable of being
detected.are O\ [ ' i nt

| abel s (e g. c éﬂpr eené P ?%%?gg%g%?ﬁgr\%}%%}? netﬂag F?%gg%%tlypﬁbff{jﬂdg‘%l %t% in,
streptavidi.n usmkhnﬂhﬁe kmdeen to&huse;tﬁ‘tskﬂhmttheart a&mhcme;thddsemludemtmdmmg agents

directed to a harmacetlc onposi ti |S|n pericyte progenitor
cells descriB aﬁéF’%ﬁnh eé@@ﬁ}f@?éﬂ}l@ﬁ?@ﬁg@ Umgi rb‘i‘? r&R EIO
conposi tion 9%5!1&%dQEé B AR the cﬁﬁ@ﬂeeﬂaiﬁ%ﬁhlﬁgtﬂ% &'HQﬂlﬁﬁfetLQfdeP@rﬁlﬁ stal &1

pericyte progenitor cells described hefein can formulated with a

physi ol ogb cakdndibormseptiabh expmslpnemedmmetccApluee;d hetr@lnpﬂlepaplesaorphar maceut i cal
conposi tion. ,10..The. carri, n osi,tign c e sterile. formul ati on
Shobla suit HRIEBHIST T SRR G h 88 e AReaBig B A el |
accept abl e Céﬁiﬁdn@ifoﬁ of RS LSt stk 1@I1&11ﬁg3&e11 growiieshd @IVBVielon. SR ferho!l Ut i ons
(e.g., Nad), 'saline, bu fered saline, alcohols, glycerol, ethanol, gum

ar abi c, vegeflalbinéen@m & as lue&dzl}drelallléztﬁwl@ to last SUé‘tul‘S/*Dféﬁ‘éw@e)m@g@ltOgéqlétl n,
car bohydr at es t QS8 41 M or.sta magnesi um
Sstearate, tafc,t;L Z? ﬁ]ecﬁrgseﬁvcai ‘8“0 h§ Wo ema(r) P\ 8 the de]fgrreéuclﬁu ,' fatty acid
esters, hydroxynetfhysecsskill dRe a@wlwpmblawhala m@ey ofaluftable @sndiGibis cag
conbi nati ons thereof. The pharnmaceutical preparations can, if desired, be
m xed with absusedalya peaaelar aspegf, theicopdifiongyangder piicdidhe eell Gire sragintaingdr s

wetting agen’égmﬁrq%gﬂdlrﬁﬁ Ihesc%ht }tltu%rat laf)](;llt %9%1 eR Hefe Qfdﬁq’%ﬁyg ?| ke that

buf fers, col ori avoring an aromatic su stances an
do not deI et @OM&%WN e&aﬁillvnilidbddp@r@wed/by ﬁms@oisk&li; in the art, th€keell culture

conposition, if desire can .al so contain, m nor unt f wef ti r
enul si fying éﬁ‘é’d‘t‘%ns C@P%ﬁﬂc‘ﬂﬁfl?éw CH Vémm?ﬁ'étsé s?i B?F“é%aE@Dg liquid

sol utionyssugpepstQ erFsiHﬁ'aFd?OB) etvARnfent.Pi 1 I, capsul e, sustained rel ease
er

formul ation, or po he corrp05|t|on can be fornulated as a
supposi tory, wi thThe acisdaorbelculsined forsanyriinder of days asd otill dspandiupondles | des.
Oral formil aE:lles?rréd%%pcolmréC(le ljgd ?heséeasprgg E:gnc%rall rerltko%rosf pséll‘llgyte progenitor cells). In a
particular aspect, the cells are cultured for about 3 days to about 180 days, about 3 days
to about 90 days, about 3 days to about 60 days, aout 3 days to about 30 days, about 3
20  days to about 15 days, or about 3 days to about 7 days.

The method of obtaining pericyte progenitor cells can further comprise isolating
the pericyte progenitor cells from the combination using any variety of methods known
in the art. In a particular aspect, the pericyte progenitor cells are isolated by harvesting
cells which adhere to the matrix and express platelet-derived growth factor § (PDGFR-

25  PB), and neuron-glial antigen 2 (NG2), Tie-2, vascular endothelial growth factor
receptor-1 (VEGFR-1), VEGFR-2, CD206 or a combination thereof.

In another aspect, the invention is directed to pericyte progenitor cells produced

by the methods described herein. As will be appreciated by those of skill in the art, the

pericyte progenitor cells can comprises a label that can be detected directly or indirectly



pharmaceutical grades of mannitol, |actose, starch, nmagnesi um stearate,

pol yvi nyl pyrollidone, sodium saccharine, cellulose, magnesi um carbonate,
etc. - 1WO0-2012/125123The pericyte progenitor and phar naceRCIS&R0ICHMHSSI ti ons
t hereof can be administered systemcally _ggd/or locally. Methods of

i ntroduction of these conpositions include, but are not limted to,

i ntrader mal , intranuscular intraperitoneal i ntraocul ar, intravenous
subcut aneous., LRl G5 1R Al AU Al aﬁllque% m&tf@@%& f8dardh >
i ntroduction ‘can a SO |n gene ap Y, rec argeabl e or egra abl e
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conpounds. : ngance with the routine
*sb? fEﬁhﬁfﬁﬂélhhhl%c&ﬁ“i‘abQ% f)f&ﬁﬁ“étﬁ%)lﬁghdlfg glg(g?% Aﬂk?

procedures as 10 a pharmaceuti cal " conposi or admnistration to
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netessary, 1 RETRBNPELRS Pt aorsrSiot Pl GG A A e e o

| ocal anest hghhgmdceut®as SoRpdsitic cdnffisss H&e&ﬁbl& ll'@oeléal &ﬁb&@@yrog%%ﬁ@f &ilsy. the
ingredients are supplied either separately or  nm xed together in unit 15
dosage form for é&warppn@yte@sownmrwelllydmnbccib@remméqe fomnwlatleéwvlﬂlraee
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i's to beiadniThesheleedndyorhpdsitsdrodan belstezd) T feinswlisieshomid uitdhe hidke SF On
bottle containing sterile pharmaceutical grade water, saline or

dext r ose/ wat @AMIMERON he conposition i s adninister ed by injection, an
anpul e of 20steril ];g[ r t hat
the ingredients massl t%ﬁ%%h ce#tﬂgﬁ?tak (r%‘lien%s lérgﬁcglr?é% &?afé %Eltl)lgﬁgdg‘?cal
appl i cati on, warssaltapahioas {og. nBIaClo; mQH,def&raEsﬁmsmllddﬁotsr glyodrol] eftanals
conprising a carrier conpatible wth topical plication and, having a
dynami ¢ vi sc&¥Mm3rabif.cregety ef”@f‘%"é‘lz)élral‘f(_ﬁ‘é?}? R&lﬂ’é yleaa ghiselsesgiptiy carbolydraigp) e
formul atijgns shapésqg&o@'ém [oRe 8P \%&tghl dlé??tnrogéj rﬁagnéﬁhrlﬂts'té&%e télFSsr?ﬁ{lé 5885
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auxi | i ary agen eservatives, abi |.i fer vvettl ng agents, buffers
or sal ts f or PYHKAER Sl oSS o diens temetcn BrePaiptighs can

i ncor por at ed jf QsRed HeRSINBA Withfa0kifdhpddeAR; e EOTubrRRAS aﬁremtfvesafsta%nlze?sl SO

suitable are sprayable aer osol preparations
wetting agents, emulsifiers, salts for influencing osmotic pressure, buffers, coloring,

('\

~20  flavoring and/or aromatic substances and the like that do not deleteriously react with the
active compounds.

The composition, if desired, can also contain minor amounts of wetting or
emulsifying agents, or pH buffering agents. The composition can be a liquid solution,
suspension, emulsion, tablet, pill, capsule, sustained release formulation, or powder.

25  The composition can be formulated as a suppository, with traditional binders and
carriers such as triglycerides. Oral formulation can include standard carriers such as
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, polyvinyl

pyrollidone, sodium saccharine, cellulose, magnesium carbonate, etc.



- 20 - wherein the active ingredient, preferably in conbination with a
solid or liquid inert carrier material, is packaged in a squeeze bottle or
in adm xtWOeIWI2RI24 pressuri zed vol atile, normally gase®d3/SGroROHDEH1T
e.g., pressurized air. Conpounds describedgherein can be fornul ated as
neutral or salt fornms. 5 Pharmaceutically acceptable salts include those
formed with free am no groups such as those derived from hydrochl ori c,

phosphoric, aceti el"’he%ﬁl:*t gg&g[%ﬁftﬁr dng é’?‘%’ga}e &l comg&qti(gxﬂ(%’ﬁgregf)({am Wi th

free carboxyl groups suc ose rom sodi um potassi um
amoni um caladininistefedrsystemivptly and/dekocallys dpetbadd afimtneduction of thgbeacunmmsitions

2-et hyl am no et hanol, histidine, procaine, etc. 10The present inventjon
provi des met h@é@%guﬁéﬁé?téfmﬁﬁf@nﬁﬂ ﬁ df‘ﬁrﬂ@?ﬁé‘ cf rgpeﬁ‘rt?f&éhil?tff’r%u ‘om
peripheral bligodeinderusRiahsous ﬁg&‘éﬁ o4 2R @ Rfiahh @O thaNdiithbe R&RddSIre
progenitor cells have a variety of uses, which include the use of the cells

f or reseaf ch;intoaduction cap lar inehide germtbertappfrechergeabhlendydiadegmdabledighmes, ng,

nodi fying, |abelin nd/.or expandi n ri,Qr to, admnistratiaon, .

(T anni o st PRI ALeFESOR dEUbRanEeTR Aing Dt Sloft roicpashe Sinelfidpvices; e
pericyte progammResi@roshpdsatbmdeias irteARAtahetksoUs diehihilRréiishas stascr i bed
herein can be used in regenerative nedicine (e.g., regenerative tissue

t herapy), theombwatariahthergpyivsithethtcomjouniies |i ke stroke, nyocardi al

| nfarction, Conge?hi %8 hesa{'t ]::ar{ll)eu 0% af]gedpne)rai O Cnl“(lzl it dt 2 %eres'ocT?eres as
conditions of tre tﬁﬁﬂ?]pf)dﬁ%% 4 SR o e LY G glll‘ FEP R e
critical 180 hiphrm&etedil Bompyta staptedifof /lntihisaatidtosKuntdtebeiid. Bbrabet i c
neur opat hy. The generated cells are brought into suspension and then.
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excl usi vely ESSF é%g%&g{r}s ﬁ%ﬁiu{r’%‘\éﬁ&gﬁﬁ?}) gfr% c%%@og%@ égﬁaﬁr;aggolégllugﬁ:‘% I n ot her
aspects, cel kslubileingelgenteined loy taaedtisaiclty easetpaint dtehdsidyofithainjettioavenous

i nfusion. In 25angther aspect, cells are delivered to the site of repair
via intraart gﬁnaqaﬁmﬁwgr%ﬁ%m%ﬁreéan@e%ﬂhgmea@@teibs{ itegethqrin 4Rkt her
aspect, |1 egdsdn ] : [WoTag-h =T J | can
be an adggncgo%sgﬂare ngi ér’?gﬁ?daﬁgbgg%%%ﬁ)vﬁrr ect%f% ctg)ﬁ%n?rg%eilﬁ(ra site.
I n yet anot héemasgiseldy sealpeimontaimut seadl dssanzanepul ©adsdhetietindiaatingthageantdy ofjs,

drug- | oaded nanoparti cl or .antibodies .th carry. antijcancer dru or

b 0-dr ugs. andeerompe s Whes4RD et 5 protbaiatcied by Hlfibe dlihe o ¢ ne
arterial bl oq@,ﬁgﬁsree MoK FI¥RIn BolttlAcdnidiRing fsRkild Pirfatduieslerde WaSH K me
drugs. In another aspect, generated pericytes are | oaded wth contrasting

nanoparti cl eor floragematari Wiers the rRnpeiti®HF aflministaeedibydnjepidors fn agpaleroft | ssue
and cancgg- sterile water for injection or saline can be provided so that the ingredients may be mixed
prior to administration.

For topical application, nonsprayable forms, viscous to semi-solid or solid forms
comprising a carrier compatible with topical application and having a dynamic viscosity
preferably greater than water, can be employed. Suitable formulations include but are
25  not limited to solutions, suspensions, emulsions, creams, ointments, powders, enemas,

lotions, sols, liniments, salves, aerosols, etc., that are, if desired, sterilized or mixed with
auxiliary agents, e.g., preservatives, stabilizers, wetting agents, buffers or salts for

influencing osmotic pressure, etc. The compound may be incorporated into a cosmetic

formulation. For topical application, also suitable are sprayable aerosol preparations



In a particular aspect, the invention is directed to a nethod of enhancing
grow h 50f one or nore bl ood vessels (angiogenesis) in an individual in
need t herwoRORONPI2Bsi ng adm ni stering pericyte progenit ®CTSER012/00¢988 he

i ndi vidual, thereby enhancing sprouting apg_survival of the one or nore

bl ood vessels in the individual. The pericyte progenitors can be
adm ni stered system cally, wherein the pericyte progenitors will hone or
mgrate to t : te of
bl ood vesselnggméﬁw?%ut%RQ%EM§§ﬁ§#%%% OHQQE#%@‘%@??%§¥Eﬁgﬁgggﬁﬁh

cell's that akerrietmardrial,és patkhgedan ai sqdecze dotle oram athmixpercivayt £pesagead t or S

t hat have beenagggerat d fromthe nd|V|duaI an bl ood (adm ni stration of

aut ol ogous pé&P} Bormallyg3s¢QYs peoneflayt, eﬁePF@?ﬁB‘ Pdgeni tors that have been
generated from t hehl ‘aﬁdé)ées&‘?ﬁe&{erémrcﬁn B¢ Rimuldiell X4 ﬁgﬁ%ﬁor(saﬁ%x%sﬁ ration

of 15al | ogenic perlc e progenitor cells) or a conbination thereof

The i ndi v du@hammcmtItmadly laecapeablacsalte mnlmiyeho@cfpsn@d withdiee lansmeg@dps:mhhave a

wound, an |s enlc i . a conbination thereof.. In anoth speg t, the
vent i on 1 o TtieF deru TN 45 otoaRh Bt hekgommalis: Brigteadny. sBoGR

angi ogenesi Stﬁdﬁe #otnieadiit Seddarbék ﬂ%ﬁﬂlpg Bl th6RMREVed NEMARHRE, I pdthsHiaR, CYt €
20progenitor cells in the indivi wherein one or nore sites at which

t he pericyt eapmmgmiml,t@llcmml fesri¢ byddexides, ésopropylaminadriethylaotino 2-ethyrodenesi s
at the one or h g n the jndividual. In a particular aspect, the

met hod can fﬁ??ﬂ]r g @%Fﬂggaﬁﬁ%F istering detectably |abel ed pericyte
progenitop cells tMeiphRentitietitidd provaded r%h&ﬁdﬂ@né@ﬁn@ﬁ@%b?@aﬁné@@ﬂ&ﬁé

progenitor pericytes in the individual. The detectably | d pericyte

25pr ogeni t or Pragepitorsifipmuperinherai biod amder optignusy erpveding eonglitiqns, adcthe peigytsuch
as at asite PPJgeﬁn&Uc’EHE h%\?e ﬂa{rﬁe fé%&éﬁ SHAcH ﬁ%ﬁﬂﬁrt?é L@ e éélg%xo% a'f&f‘em ¢

injury, a si nation thereof I'n the

I n yet anot heult@dpefor enHaheemﬂu@mbelbﬂumBerdJ sranddrdating, modiyingdlabélidpoanidriyg an

agent to a site cau5|n or directing %h agent to mgrate to a site) of
angi o genesi gquail Hig prlorgcgadmmlstratlon (re-administration) into a patient for treatment.

15 For example, the pericyte progenitors generated and/or propagated using the

method described herein can be used in regenerative medicine (e.g., regenerative tissue
therapy), the treatment of ischemic injuries like stroke, myocardial infarction,
congestive heart failure and perivascular disorders.
The conditions of treatment range from chronic venous or artierla ulcer, critical
20  limb ischemia, myocardial infarction to stroke and diabetic neuropathy. The generated
cells are brought into suspension and then directly injected into tissue requiring repair
and angiogenesis. In other aspects these cells can be delivered in hydrogel (preferably,
but not exclusively collagen or hyaluronic acid, or PEG-based hydrogels). In other
aspects, cells are delivered systemically into the body via intravenous infusion. In
25  another aspect, cells are delivered to the site of repair via intraarterial injections or
catheter-guided application. In another aspect, cells are embedded into an implantable
biomaterial (this also can be an advance wound care material) and applied directly to
the repair site. In yet another aspect, generated cells are loaded with anticancer drugs,

drug-loaded nanoparticles, or antibodies that carry anticancer drugs or pro-drugs and are



i ndi vidual in need thereof, conprising adm nistering the agent to the

i ndi vidual wherein the agent is attached to one or nore pericyte progenitor
cells whiwP 2085120 a site of angi ogenesis in the indi viPGE&RIG2012100008DYy
delivering the agent to the site of angioggnesis in the individual. In a
particul ar aspect, the pericyte progenitor cells further conprise a
Sdetectabl e | abel . The pericyte progenitors mgrate to a site of

angi ogenesi s utlJQ&Ed into 9%%{6{‘1 ﬂgo@d stfeaf] x%xﬁlflal%fta br foR e d ‘ﬁv@tfy &f'b%ﬁ%)‘f(
regeneration, "a site of ischemc injur a sit 2 wound oF *a co nation
t hereof in tkieugsnm aniothea bspect, generélthdlp¢r1¢yms amldadekl;wath costeashieg @amopanudlesy t he
use of peri cyte enj n.be "l oaded! with one or nore agents
such as nanop® q viarmiQV@E%&Orsf AXPLing of ropgirdissifand @BCY. | an MR, a
CT or other mean Qﬁ a%&%ﬁfa'r Qﬂ)eci theVih PR ZE dfr AR © AREHHBY of &%ﬂ&hgtg?omh
tissue, the site where vascularization (or revascul ari zation occur.
As used hgr eiofiopgor nndi hipatliedstels Gingiogenesiim ammda\hduaémunwd therpal? ctqnmmismg
aspect, a mamual.. Exanpl es. of mammal s, i.ncl] ude. i es nes S,
ohent 5, “bovrHBuisEEE P e erts 8 ths Efpiiieh R SRR R ool

cats, horsesanggiW¥ivaPbe@P ond6Aindre B1o6R0&SEIS in ﬂl'é'lﬁlﬁaldﬁhlg The f)@ﬂi@t@ﬂ% g@ﬂlfdi‘s

The term"individual in need thereof' refers to an individual who I's in
need of treatahe a@mnymt@p%yymm@alé& viherain ﬂifm@@cw paogeatersrEilldrome or migrate

i dual 1 10 MBS BRaPBSH e hroRbiar ot LafY Blng s A0SRk Tl e

desire f oo adwdividgalr ati on according to the net hods of the present invention
is determ ned upon_consideration the use of well known risk factors. The

effective amount dhe@efigre Pergeminrereliptiat areadaynisisraddasa individetlsanibied, in

the final S epends on
factors suc h%Mé}hﬁBrogérzlilrg?gB¥g§§e$e%ggk&§%%§%&ﬁ%%%&£ (??lgﬁgl s%WQBIO&QSg)as e) to
be treated, (attbmasmand)ﬂ §f aftolbpeusqeridyteipesgeni2or dello)npeticytd progpaitdre tHat dafef er s,

the chosen route of a ni str n.. other drugs.a e nts which the
patient may sq%%%efaéﬂreﬁnrt @PP@ of ggiorgppRerotiier ip V@uﬁlﬁ?%ﬁm}fﬁf}mpg
judgment 45 allpgdf: i y%teﬂrxgemears)gfae@rhbfﬁx&@n@l@%?mtors s del i vered to

an i ndi vi dual uSed herein effecti ve anmount" or
"t her apeutical |y dhtandividealdowdont thepansyte Wogeoiters dR5PEPCEISR2M12/000083 -

23 - an anount of the active conpound.that will.elicit the desired
bi ol ogi cal OPVOHB&%FCI}CEE%%%OFﬁCQmIdbP?%‘%th §?}§ftem subj ect, or hunan,

whi ch i ncl udes  al li@yhdhérQRp&S, thd RveNtTERH RMrectd tydRlofolofidetcBAfd ondbr bR
condition (e.g., disease) being treated. Any suitable route of

admi ni str at i stescefranpogerast, lnﬁonn@x@nﬁlle negsk thpreotic@mpriging detecting pericyte

20  progenitor cells in the individual, wherein one or more sites at which the pericyte

progenitor cells is detected is an indication of angiogenesis at the one or more sites in

the individual. In a particular aspect, the method can further comprise administering

detectably labeled pericyte progenitor cells to the individual and detecting the

detectably labeled progenitor pericytes in the individual. The detectably labeled pericyte
25  progenitors will migrate to a site of angiogenesis that is occurring such as at a site of a

tumor, a site of tissue regeneration, a site of ischemic injury, a site of a wound or a

combination thereof in the individual.

In yet another aspect, the invention is directed to a method of homing an agent

to a site (causing or directing an agent to migrate to a site) of angiogenesis in an



S5topical, transdermal, rectal, parenteral, intraarterial, intranuscular,
subcut aneous injection, intradermal injection), inhalation (e.g.,

i nt rabr orfi2a12/12518r anasal or oral inhal ation, intranasCT&HGepLRj000088ul ar ,
pul ronary, nasal, and the |ike may be enpheyed. In one aspect,

adm nistration is local, and in other aspects, admnistration is systemc.
The preferred node of adm nistration can vary dependi ng on the particul ar
agent 10chos ' : ae

o'ngl ¢ dose (ividualinnEREBROL KR RREIARKAKENE B2 REnAGT EHAES yherch
pericyte prog&nageatis atachelao adafrbmheteqmeidyﬁerpmgmitor calisrvehictalyamé e gsiteoofer
several consecutive day on- cons ive . days There i.s al so provj ded
Kits for per iaeglpgerﬁﬁ'ag%%eﬂeﬁhvgﬂ'ﬁbF@E%rﬁegﬁamgﬂ éﬁé@%&t t%%b%%m? E‘H\?ﬁ’ﬁ@nt he
efficiency. e infividhaRflh YartRuPlabickdl 1] pRIHHbErRbPBAN ket dofpist O OF

ex vivo. For exanple, the kit can conpri'se at |least two organic-based
hydr ophi | ¢ rdatcctabhlldmhlﬁleqfermgnqtpr@gensmsfmxgeatctma site, ofcamgdiogpuésoathhtiiy a t hird

neutral or negati.vely charged macronol.ecul e, articul ar., .the kit

Rccor di ng. t o SLHETTROLHTIGH AP Obe SIoRl Aot resoButhe SR ldtsheR e iyy:
activity andspg ofd dBuhd ba ERBhATI N Heled] infthe iRRSHu4IWO 20 or gani c- based
hydr ophi I i ¢ macronol ecul e of nol ecul ar wei g{]t 50kDa to 1000kDa and neutral

surface charge, ofl hps))theamethgds of ‘@Sﬁdletﬁig amptoyishe use ﬁmr@mmr ogenitaxsrvdrol ecul e

of radius range oL 0 nn1and neutr ace e,

Opt ! onni'D " AR pRaki® RN AL AR WA BRI & hallind Shighina
radi us ragnge sédnner (eQ. %ma,mdcm@ubﬂﬁf nizth bAdaeaivn) geviseilizo agads wad/ehar ge.
The macronol ecule used in the kit of the 25invention is as defined

t hroughout  t FRECARIBIedisswn thentitegrherpuassplasiastiondgpravasauiasization) will ocauranot her
aspect, the inventy s%e%ﬁergf ra?lctu?cﬂvfdﬂala rgfel:s tI)% aﬂ{?ﬁeﬁ{l\%d{}ﬂ a& gﬁgr% ect, a

progenitor cells from conprising a matrix S &an
attach and omanﬁfxaln’ﬁkzenplegafmamhﬁamflchﬂdpnmlatebj cnimes, folindsemidests, Buvihes,

i nstructi ons f(g herfe The .bl o d cells can be, for examl e,

peri pher al H’ena‘ﬁo er’“‘E‘lﬂH qs§n% angpdogs. caé% LOTSChL YT eSHGEP-HORLS,

or gani c- base cul es conprise one or nore
pa ‘ij%ﬂ%?[tg O@.\Eﬁlﬁgrﬂo h%éﬁ%k&.

car bohydr at e- base I ¢ macronol ecules. In particular aspect, the
one or nore car bofﬂndltame“ ihdiseldalnm g edrthiesofif E§eris$ommdh§idnmlwhbigimmd@f
sucrose or a_conbi natlo t hereof. The }?I %rrer can be, .for exa

o by

Fi col | TMPO, EERBITRARIOP 366’9%? fippromn FSSERRer( W%@Rﬁ&?%ﬂ&f@éﬁr
(neutral dexbiRPcHdiPiak D omtedhblimeRX i aiidéhl kPRded tHE¥SL 18 nSathingL Such as

pol ystyrene sul fonate, pullulan, chondroitan sulfate, heparin sulfate,
heparin sul f atwmager mat an sul fate or a combination thereof Exemplification

.20 : The need or desire for administration according to the methods of the present
invention is determined upon consideration the use of well known risk factors. The
effective amount of a (one or more) particular compound is determined, in the final
analysis, by the physician in charge of the case, but depends on factors such as the exact
blood vessel and/or condition (e.g., disease) to be treated, the severity of the condition

25  from which a patient suffers, the chosen route of administration, other drugs and
treatments which the patient may concomitantly require, and other factors in the
physician’s judgment.

An effective amount of pericyte progenitors is delivered to an individual in need

thereof. As used herein, “effective amount” or “therapeutically effective amount” means



10 Material & Methods a) Ceneration of pericyte progenitors from peripheral
bl ood Peri pheral bl ood was obtained fromthe National University
Hospi t al wbaorr/fasarek or from heal thy donors. Peripheral IpCosd2momss!| ear
cells (PBMC) were isolated via gradient cegtrifugation over Ficollpaque
(Sigma) follow ng the manufacturer's 15 instructions. Blood was dil uted
with the sanme anount of phosphate buffered saline (PBS) containing 2M EDTA.
22n of dilu AR PURE whtBiciOlhe TGRld (RAGYRTM ARG
centrifuged tggqg%gp&oﬂﬁ@g‘gu r%acﬁ) pgu?(?y coat r(flngewas coq?@egi?glc\iérfr%hﬁ?al

separ at ed bl ocspossniplagssan) dysias sabjectyioc bumad hwiiBSircbnles alkdvigticandItlDTA.  PBMC
were seeded on fibropnectin (derived frombovine plas .Si gm) - coat ed

di shes at a SYMEGRSeH V ?lwﬁnbl?ar&@? theeondibign g ad agﬁb?lBgv%ﬁPt)ﬁé'ose

Dul becco’ s modi f i e FaghBle Soute OF dhinkdabiirthn (& B&8: RReXaripePdaRRAY, Wi th
A utamax, 10%fetal "bovine serum 100 units/nl penicillin and 100[ 11/ m

streptonmyg&in .topica}ywﬁmgemQI,eécftelc pardntoral tihramtbdial, iiranpdscalag sobaditaigosockt ai |

(e cockt o e e 588 UBRLTR L S e PO v 26
and Ficol | Tnﬂx%la(tﬁﬁf‘ﬁ%na%hm?ﬁl 8éul &N pulfonkBY hdsal, 3hd AR thay 6&bhployed.e

mai ntained at 37C in a hum dified atnospheré of 5% CO2/ 95% i r . | ture

medi um was changeesPatt adminiratiay is logli andl ia ogea pentctseadministration isi sysfepés-i cyt e
progenitors gl v dur i he first. week. | ls were harvested using 0.5%
Pryoe /L mv SBPRrTe) mpttel fnihigiibot Sy B S EpuaRHEE=¢38 " ° "

b) Fl ow ¢gt ogkéder. anal ysi s of pericyte precursors Adherent cells were
harvested from cul ture dishes, resuspended in PBS buffer ngépl emented with
0.5% fetal bovi ne ThepgrieYtEBR)SCRIters cot bbadamisifred inm siogleslospr.g onjaudsa et

i bodi . : . y ' : . c ¢
30 - Cot 1 s EpEFEIFEY 15 H8ELR e BRIARE plodEnfERE S e Aot Rythe 2 o
and fixed i nnidre tlaysnalgdevardevedral ddBScutbeeridyeorweneonsealityzeadhys).t h t he Cyan

flow cytoneter (Dako Cytomation).. . c) Adherent cytonetry to assess
number  of adher e% 15115 alsg pryided kitsyfer perinyin Pragenapeengsaion e Prorageren

Adherent £l u : : : : I; . |1
Faken by '3 cagl R e R T A S o Tt P
magni fi cat i oex voav Eor exgndéstind kit caradomyerise atleast. twDARganid-baoxed hydmopkilitas
accessed with a singl i filter 350nm Em 465nm .. The nunber. o

stai ned nucl @?acmgél?ﬂﬁ%gf fryskgrfise becss pp%%ﬂihf,a%d_nﬁwéalﬁéaﬁgatg Yof the
areas was calgatbad fdcromolecuth) I ?M@lﬁlﬁﬁf tpohemicatdiNg & ik MvRBtibPhalBe kit for
receptor 13 expressed by pericyte precursors

boosting the efficiency, activity and/or stability comprising (a) at least two

20  organic-based hydrophilic macromolecule of molecular weight 50kDa to 1000kDa and
neutral surface charge, or (b) at least two organic-based hydrophilic macromolecule of -
radius range of 2 to 50nm and neutral surface charge; or (c) and optionally at least one
more organic-based hydrophilic macromolecule of radius range of 2 to 50nm and
neutral surface charge; or negative charge. The macromolecule used in the kit of the

25  invention is as defined throughout the whole content of the present application.

In another aspect, the invention is directed to a kit for obtaining pericyte
progenitor celis from blood comprising a matrix to which blood cells can attach and one
or more organic-based hydrophilic macromolecules and instructions for use thereof.

The blood cells can be, for example, peripheral blood mononuclear cells (PBMCs) and



Mono | ayers were fixed with 100%ice-cold nethanol for 10 m ns then bl ocked
with 3% bovi ne serum al bum n (Fl uka05488) (BSA) in PBS. | nmunofl uorescence
was 20 caweizett/iem23usi ng prinmary anti bodi es rabbit anti PRUSGAVRDERRS 13
(Chem con, 1:100). Secondary antibody Al exaFl uor 488 chicken anti-rabbit
(Mol ecul ar Probes, A21441) was used at 1:400 dilution. Cell nuclei were
counterstained with 0.51. 1g/ m. 4', 6-di am di no- 2- phenyl i ndol e (Ml ecul ar

Pr obesD1306) D4R dr-mdrd® ieangzrusg ﬁ?@%ﬂﬁ%@ Il‘lfgﬁ%%}g&@cd@g(?onﬁé.}rs@ro&l@gr ore

fl uorescence m croscope y tion o l'agen secretion
and SDS- Page cafbobpprsicrbadediegireghikcimammoenalemiiecs. bnghrid@illdr dspgogrthe one or mbfet er 7

days of cultur ol | agen secretion of .pericyte progenitors was induced by
suppl enent i ngafgﬂ&%aﬁe%@%ﬁpw%wﬁs %@W{X}Cég %IP - UETUC FRBS RS YIS
Pure WO 201%&&ﬁl’?ﬁ?ﬁ&l%@zwe?ﬁQQ&gmphe,zﬁicbllﬂQ@Eﬁ, PRLITRABS! pd1§Finy (B aka,

Japan). After further 7 days culture nedia were harvested 1nt0 separate
vi al s, wh&r epsrrobddnel RY&r3»0uPak dastsine@cutril clexwirn 41 (Hadk' reutyall dertranl 63 t

sol ution (HB and. bot ul ture nedi and hed cyl ture plates (w thout
bt fer ) wor & KA CRRE I BOb ST HRGHIPPIE MHEBEchooiitn SoBB TPRE. Roche
Di agnosti cs Aglfate thePagh §ilfate, FeABARPERTatd Hr AcdrhbiahtidiOBeRpE.r ati on of 100

ng/ mL. Sanpl es were incubated at roomtenperature (RT) for 2h with gentle

shaking foll owed by neutralization with 0.1 N NaOH Sodi um dodecy!l

sul f at e- pol yacryvl api de gel el ectrophoresis (SDS-PACGE): 10Medi um and cel |

| ayer sanpl eg%\?\%lpgﬁ!é%%ﬂnyzed by SDS- PAGE under non- reducing conditions. A
smal | fongat MasridFeMthddsi - Protean 3; Bi o- Rad Laboratories, Singapore).
Protein bands were stained with the SilverQuestO kit (Invitrogen) according
to the manuf atPanention frsrisrisiprogsagerstienm perighestdilgad s of wet gel s was

perfornmed on the - i £ Q- B e
Quantity One 15v4. ngp e?%nbgq‘gé daﬁéﬁ/tglgg Eﬁgﬁnvxtg?ga? P?gl%kg‘é%a& ?Mﬁgl}]bﬁ% gtbla%
PCR anal ysi s or from hehtthptorkdWA Peeipheral blacd adnosiudigr BRIR@BME) watedsalhtep vizol um

in foll ow h fagturer' rot ocgl. . nt hesi zed from
Isglc)ln at gd m%giqngger%ﬁ atg%tij PYR F?co Ipaque (%igmg)%owﬁlsg tﬁg manufS Ict%lrer’s

15  instructions. Blood was diluted with the same amount of phosphate buffered saline
- (PBS) containing 2M EDTA. 22ml of diluted blood were layered over 14ml of Ficoll-

Paque™ and centrifuged at 400g for 30 min. Buffy coat ring was collected from
separated blood samples and washed twice with PBS containing 2mM EDTA. PBMC
were seeded on fibronectin (derived from bovine plasma, Sigma)-coated dishes at a

20  concentration of 2g/cm’ seeding area in low glucose Dulbecco’s modified Eagle’s
medium (LG DMEM, Gibco-BRL) supplemented with Glutamax, 10% fetal bovine
serum, 100 units/ml penicillin and 100ul/ml streptomycin. Crowding is effected by the
addition of a crowding cocktail (Fc-cocktail). Therefore media was supplemented with a
cocktail of macromolecules Ficoll ™70 (Fc70; Sigma-Aldrich, St Louis) at 37.5mg/ml

25  and Ficoll™400 (Fc400; Sigma-Aldrich, St Louis) at 25mg/ml. Cells were maintained
at 37°C in a humidified atmosphere of 5% C02/95% air. Culture medium was changed
after 1-3 days. Spindle shaped cells resembling pericyte progenitors evolved during the

first week. Cells were harvested using 0.5% trypsin/ImM EDTA after 1 week.



20 reverse transcriptase Il. RT-PCR reactions were performed and nonitored
on a Stratagene real-tine PCR instrunent (Strategene) with a PCR m x based
on Pl ati M¥OORAGSDBIA pol ynerase (lnvitrogen). For each ®DNAGemmpbr@s3t he CT
val ue was defined as the cycle nunber at_which the fluorescent intensity
reached the anplification base threshold fixed by the instrunent-software.
Rel ati ve expression levels for collagen | and 25 vWF was cal cul ated by

nor mal.i zi ng Ifd % rd el (Ct) to the house-keeping
gene GAP- DH.-BE@"%%@&‘?‘%{F%‘%?OH afslge?;?& r?%uﬁ%dt%%re of endothelial cells and
peri cyt e precur sorsiherenfaells were harvestetbfrbuml quithrecdibties, iebuspemdedrib PBiSdaiffec or d

It 1 e sl | CPRAELRThOLTe S SIRRIhE Sems (DD A ipetbaisB BT B ¢
thick layer ‘Pii-émgﬁag:glanFi%aie%B]jé(anéeé)c&I?ecteﬁr QinSetht Marleg! bifoviDEh mers cyte

precursors were t alive with green or red uor escence using 5 PKH26
Red and PKH76orGlanin. EcliowesceasheCohde with RBS Hiiffer fugpldBaentedaivitii®l 3% FBStandne

Label i ngkit (Sigma) follow.ng th uf gcturer's instructiqns.  Endotheli al
ol | s war e s Gatieh b i ERS: Sgr ereoneeet it CERNSRG per i oyt o
precursors VeyenRAidetall ClidmatdAE i mepoint or later at 10,000 cells per

cnR2. Tubul ar networKks forhed over 8h and were viewed at different
ti mepoi nts over the next 2 days with an | X71 inverted 10 fl uorescence

m croscope ( us).. For neasuring the total tube lengih 6 repre tabl e
pictures at %)égﬁﬁﬁ‘gﬁ cp'g’élé?t{yotﬁfsﬁéf gmf‘ ?eq{%_gﬁ%fefto eﬁ? aﬁffg}edaryé A5 tﬁﬁgﬂﬁ

anal yzedjgsi @gidemg@lggsoftwa_re. Life cell imging of tube formation over a
ti meframe of 24h was done using Live Cell Inmaging Systemw th Laser TIRF at
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Monolayers were fixed with 100% ice-cold methanol for 10 mins then blocked
with 3% bovine serum albumin (Fluka05488) (BSA) in PBS. Immunofluorescence was
20  carried out using primary antibodies rabbit anti-human PDGFR-3 (Chemicon, 1:100).
Secondary antibody AlexaFluor 488 chicken anti-rabbit (Molecular Probes, A21441)
was used at 1:400 dilution. Cell nuclei were counterstained with 0.5ug/ml
4'.6-diamidino-2-phenylindole (Molecular ProbesD1306) (DAPI). Images were
captured with an IX71 inverted fluorescence microscope (Olympus).
25
¢) Induction of collagen I secretion and SDS-Page of pepsin digested culture media and
cell layer.
After 7 days of culture collagen secretion of pericyte progenitors was induced by

supplementing the culture media with 100mM L-ascorbic acid phosphate (Wako Pure



I ) Angi ogenesis proteonme array analysis Blank nedia or culture nedia
condi tioned by pericyte progenitors was collected after three days and
filtered WOt2h1241281232 gm filter. Sanples were anal yzed u®CH$GRNa/000483
2012/ 125123PCT/ SG2012/ 000083 - 28 - Protegge ProfilerT™M Array Human

Angi ogenesis Array Kit fromR& with the Catal og Nunber ARYOO07 using
manuf acturer's instructions. Intensity of detected antigens was neasured

using the so Plgl% P : FROM
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spi ndl e-shaped and pol ygonal cells were formed, which Tesenb pericyte
progeni t obs [Peific, Sipgaptipun adimel edrickmntortiopfof péﬁ m@immsampb@wemmmcbair

| PBMCs | at f f bl
SRR T N TS R R b CRE
can be gener atzed1. A bl ood 15donati on of about 400nl can therefore yield in

clinically significant nunbers of about 40 mllion pericyte progenitors.
PERI CYTE PROGENI TOR MARKER EXPRESSI ON DETERM NED BY FLOW CYTOVETRY

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE):

10 Medium and cell layer samples were analyzed by SDS-PAGE under non-
reducing conditions. A small format was used (Mini- Protean 3; Bio-Rad Laboratories,
Singapore). Protein bahds were stained with the SilverQuestO kit (Invitrogen)
according to the manufacturer’s protocol. Densitometric analysis of wet gels was
performed on the GS-8000, Calibrated Densitometer (Bio-Rad) with the Quantity One

15  v4.5.2 image analysis software (Bio-Rad).

f) quantitative PCR analysis
Total RNA was extracted using RNAeasy single step column spin following the
manufacturer’s protocol. cDNA was synthesized from isolated mRNA using Superscript
20 . reverse transcriptase II. RT-PCR reactions were performed and monitored on a
Stratagene real-time PCR instrument (Strategene) with a PCR mix based on Platimunm
Tag DNA polymerase (Invitrogen). For each cDNA sample, the CT value was defined
as the cycle number at which the fluorescent intensity reached the amplification base
threshold fixed by the instrument-software. Relative expression levels for collagen I and
25  vWEF was calculated by normalizing the quantified cDNA transcript level (Ct) to the
house-keeping gene GAP-DH.

g) Tube formation assay: Co-culture of endothelial cells and pericyte precursors



20Pericyte progenitors were tested for nmesenchymal stemcell (MSC) markers
CD90, CD29, CD166 and CD73; markers shared by MSC and endot helial cells
(EC) CD M0 201di2623146; EC narkers VEGFR-2 and CD 14; aRaTiIsérem2®peisat i c
mar kers CD45, CD13, CD34, CD14, CDllb, HLA9DR, CD206, CD83, CD19 and CD117.
Pericyte progenitors differed from MSC denonstrated by the | ack of
expression 25 of MSC markers CDO0 and CD73 (Fig. 2). However, they
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. y
li ke dendritic celllbe farmaton agsay Was &gnepted usipg macyophages, which werg igenqrated 17)

per oyt ovbr of A o ST idtata IROATEERTAI N ARRR PR Rk B B
DETERM NED B¥ellMVipNOGOROCHERD. STRY Pericyte progenitors, EC and

pl acent a-derived pericytes (comercially available from Pronocell) were
stained for early pericyte marker PDGFR43, N& and for |ater

h) Spheroid sprouting assay

Human umbilical vein endothelial cells (HUVECSs) with generated pericyte
20 . progenitors or alone were seeded into low-adherence round bottom 96-well plates over
night in EGM-2 media (Lonza) containing methylcellulose. Cells formed spheroids,
which were collected and seedéd into collagen I gels from bovine skin (PureCol®) at a
concentration of Img/ml. After three days images of sprouted spheroids were taken
with an IX71 inverted fluorescence microscope (Olympus). Sprout length was measured

25  using the software Imagel.

i) Angiogenesis proteome array analysis
Blank media or culture media conditioned by pericyte progenitors was collected

after three days and filtered with a 0.22 um filter. Samples were analyzed using the



pericyte marker a-SMA and desmin. Cenerated pericyte precursors express
early 25 pericyte markers and are distingui shable from mature pericytes,

whi ch werwoi28t¥ased by di gestion of human pl acenta (Fi gPC3)8G2012/00008PDGFR- | 3
expressi on was weaker as conpared to the_ggpression of mature pericytes

i solated from human placenta. The expression of N& and desm n was highly
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al ways a 3%/ b 5 ITh L r a- SVA.
I nteresti nﬁ@%&?ﬁgﬁexpr eAglgI?on o%p%gg%%ngggtﬁgﬁ%ﬁgﬁn%{g{@hé Itfégf rom
MBC. Gener at €dtgdey Nagiber ARY§OR usiap snamnfacadeds motrsdtns. letepsigssi dateaddd NG2.
They did not show expression aof a- SMA and. no io a weak expression for
desmn (Fig. a@%ﬁﬂ%@@ﬁﬁ%ﬁ#fﬁ@%lﬁ%%%@%% v data (Fig. 2), pericyte
progenitors did not express MSC marker CD90. Interestingly, generated-cells
expressed many markers found on endothelial cells. CD31 is not restricted
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under non-reducl ng con
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PERICYTE PROGENITOR MARKER EXPRESSION DETERMINED BY FLOW
CYTOMETRY
20 .. . Pericyte progenitors were tested for mesenchymal stem cell (MSC) markers
CD90, CD29, CD166 and CD73; markers shared by MSC and endothelial cells (EC)
CD105 and CD146; EC markers VEGFR-2 and CD14; and hematopoietic markers
CD45, CD13, CD34, CD14, CD11b, HLA-DR, CD206, CD83, CD19 and CD117.
Pericyte progenitors differed from MSC demonstrated by the lack of expression
25  of MSC markers CD90 and CD73 (Fig. 2). However, they expressed CD29 (Fig. 2),
which is a fibronectin receptor. As fibronectin was used for the isolation and generation
of pericyte progenitors, it was selective for CD29+ cells.
The expression of CD105 and VEGFR-2 showed overlapping marker expression
with EC (Fig. 2). Still, the essential EC marker CD144 (VE-Cadherin) was not



25Protein bands were stained with the SilverQest kit (Invitrogen)
according to the manufacturer's protocol. Mature pericytes derived from
pl acent a WoeprYRdI230l | agen | conparabl e to the secreti oRCHFSGEOI2108¢P)8H by
fibroblasts and were able to deposit it unger crowded conditions (+MX)
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When pericyte progenitors were seeded together with endothelial cells they
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20 PERICYTE PROGENITORS MARKER EXPESSION DETERMINED BY
IMMONOCYTOCHEMISTRY
Pericyte progenitors, EC and placenta-derived pericytes (commercially available
from Promocell) were stained for early pericyte marker PDGFR-3, NG2 and for later
pericyte marker a-SMA and desmin. Generated pericyte precursors express early
25  pericyte markers and are distinguishable from mature pericytes, which were isolated by
digestion of human placenta (Fig. 3).
PDGFR- expression was weaker as compared to the expression of mature
pericytes isolated from human placenta. The expression of NG2 and desmin was highly

variable (from weak to strong) for placenta pericytes, they showed however always a



WO 2012/ 125123PCT/ SG2012/ 000083 - 32 - points but changed their |ocation
and noved to various sprouting points during the tinme frame taken (white
arrow) (FRAvQ.2032/123128 homi ng potential to form ng tubes aRaTEG21BHA08Fat i on
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in close Both pericyte population expressed VEGFR-1 and Tie-2 and were
distinguishable from MSC by their expression (Fig. 4). Both receptors play keyroles in

15 angiogenesis.

PERICYTE PROGENITORS DO NOT EXPRESS COLLAGEN I OR VWF ‘
Pericyte progenitors, placenta pericytes, and fibroblasts (IMR-90) as a positive

control were cultured under conditions allowing the secretion of collagen into the

.20.  culture media. Further in some of the cultures, the same crowders (+MMC) (Ficoll ™70
and Ficoll™400) were added to allow the deposition of the secreted collagen. Culture
media and cell layer of all cell populations were pepsin-digested, and, as a result, only
triple-helical structures remained. Medium samples, cell layer samples and a collagen [
standard (Col I std) were analyzed by SDS-PAGE under non-reducing conditions.

25  Protein bands were stained with the SilverQuest kit (Invitrogen) according to the
manufacturer’s protocol. Mature pericytes derived from placenta secreted collagen I
comparable to the secretion of collagen by fibroblasts and were able to deposit it under

crowded conditions (+MMC) into the cell layer. In contrast pericyte progenitors from



proximty, were able to enhance endothelial sprouting in a dose-dependent
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core of tWe28phesrdd were only observed in control condPCIE630126h&82
pericyte progenitors were not present. Thgjquality of form ng sprouts was
al so increased in conditions of co-culture with WO
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To further conﬁrm these data PCR showed that only control endothelial cells showed

significant levels of vWF (Fig. 6). Therefore, pericyte progenitors are distinguishable

(distinct) from other blood-derived progenitors.

. 20 PERICYTE PRECURSORS CO-LOCALISE WITH CAPILLARY NETWORK
Endothelial cells form a tubular network on matrigel. When pericyte progenitors
were seeded together with endothelial cells they co-localized with forming tubes.
Pericyte progenitors alone were not capable of tube formation (Fig. 7). They were
sparsely distributed along the tubes and accumulated at sprouting points. Interestingly
25  they did not incorporate into the endothelium but rather attached on top of the tubules

(Fig. 8). Life cell imaging of the tube formation by endothelial cells and the
co-localization by pericyte progenitors allowed the observation of the process. Pericyte
progenitors co-localized with forming tubes at an early stage. Once co-localized they

moved along the tubular network (Fig. 9, white arrow). They accumulated at junction



The isolation, culture and expansion, and therefore the application in
clinics of pericyte progenitors were hindered by the | ack of know edge of
their exa¥O201¥grn3(e.g., henmatopoietic or nesenchymal ) PCOSGROIIEDUES
pericytes could be isolated fromstronglyisyascul arized tissues. Using a

bi ot echnol ogi cal cell culture platform which includes WO
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progenitobs (idsbnahyytaksteidomls (MMSC) dak e alaeranp hawelormatchot, hebmlalcektel | s)

Bucal a et al 1994 Mol . Med, 1(1 71 81, a Bi ol ,
7a(5): 835 sasbshilss BERoLSGORA e bRARY P Y CAEErapiteligkgafis on matrige (Fig: *
100(5) : 2426- 24301y RikiPhhel ke BANCRS S0P R U5 KB REEIGH Al 1

these type(s) of , hanel A- DR and col | agen and vW and
Further f unctdncbmalhaas ﬁE)&bllUY)m co-hedlizeneith farmieduebgseevieoyf they diak not énhibis

generated pericyte S, .no nly co-localized with formng capillary
net wor ks for r‘r‘él?fyttﬁ gtfﬂf‘g‘ﬁ?? gQI(theltlf)@; but were able to identify and mgrate
to sproutpng points, t hereby 15novi ng al ong forned tubular structures. In

addition pericyte progenitors were able to contribute to endotheli al
sprouting and’E&iﬁéﬁT@ePR@GEM@OB&@ObH@dBHTdS B@WOTHMA\I\BSP&{@HEEM& )

secrete mainly pr ctors whi |ther i nf.l uenced en t hel i al
el | “sprout i ny o PPEEC Y LS atEE Rt F bk PR SLuS N Cy 1 o
progeni tors ghaycahsphBidadst qrﬁéserc@h 8phdioidy Bgn bOThER kbR #ktd collakhlTigeRt vasre20
and they home to form tubes in vivo. As shown herein, pericyte

progenitors daacobls wid rbég améfprnwndoﬁwbahspws witp bk gel- ﬁ’éhfrfhge@?taﬁﬁdoaalld gredrevant

nunber s. . Per iyl.e ot 9aenldt OrS, €30, BEHSSH L Rl NFM Fab ML g, | 1 ke
st_r_oke, rryocar arction’ ¢ 9% rve heart perl vascular

di serders. | mh@dﬁtdlp&ﬂteﬁhﬂﬁb thofRmka spieyaids Wial 1 Bi Doribg &@WBEsse loff kgrottiDins
and therefore can be used for cancer detection aor as drug delivery
vehi cl es. 25 tharollagerbadls theymoxedifrapy the inner eere of esphetioid andaleng he f or

using peripheg ﬁ%thgla?gﬁoﬁﬁ generate progenitor cells for revascul arisation
strategies, this 1s egant, mnimally invasive procedure with |ow risk

and froma r enewaHIhe mmmmmori\dtfr@nmted Iieheyﬂe@trdsgmdﬁonsslai toethe formlaedon br

ﬁ;ﬁ:/\?l()lng b n dothe\alﬂal spher01ds ofd <§1lff\ér(:f::n’ltJ sizes (%1gp%r v st s%rc?urt %%gmrl])le} a?nrd l?:%tll dggéjnrglg :
on number of endothelial cells and therefore on spheroid size, the cumulative sprout
length per spheroid could not be compared between spheroids of different sizes. To be
able to quantify and compare the extent of endothelial sprouting, pericyte progenitors
were seeded as a cell suspension into the gel together with spheroids, which only

25  contained EC. Interestingly, even pericyte progenitors not attached, but in close

proximity, were able to enhance endothelial sprouting in a dose-dependent manner. In
addition, cell debris, which appeared in the core and around the core of the spheroid

were only observed in control conditions, where pericyte progenitors were not present.

The quality of forming sprouts was also increased in conditions of co-culture with



WD 2012/ 125123PCT/ SG2012/ 000083 - 35 - The teachings of all patents,
publ i shed applications and references cited herein are incorporated by

ref erencewpnotdigbr2dentirety. 5Wiile this invention has PEESGRaRINNWES ar | y
shown and described with references to exaggpl e enbodi nents thereof, it will
be understood by those skilled in the art that various changes in form and
details may be nmade therein w thout departing fromthe scope of the

i nventi on en
2012/ 1251237 oS @‘%g?‘@g %gg c-aﬁg‘%wﬁ&hl%@é V\VlatV\}éIQ Joftgn disrupted and were an

pericyte pr oghgnrhcmt ocﬁ ellngk: oets oﬁhlelxwemlllpieﬁhedl end cedd bedlsgnglmltedffann theirl 3
(PDGFR-13), neuran ascul ar _endot hel
G ot h st oPoReEap o ors Eebs Soghty Risesdkinso- iRy Sipearetds e o) ain

progeni tor celyes of Caim1l which further express a snooth nuscle action
(a- SMA) , desnin CD206, one or nore pro-angiogeic factors, or a conbination
t hereof . he i sol a‘eedytpprdgcmtcas preogaralyzed farghe express@inadfrandi-anigengenic anfe

P ar Sl R Lty MRG0 PR 0T R SR o R DR Y T e S
(I'L-8), CXCl GemPRiifated tHRLALY) RBKLA &pRASIBN Bf Mcs@komﬁfdﬁ@nﬂ%@ﬁg\éﬂﬁ factors

pl asm nogen activator (uPA), nonocyte chempattractant protein-1 (MCP-1) or
a conbi nat i olik¢ hgnanf, hf@lldevémfatqunmmw)wdr factsir Psl ()FGEES &) (hAP)ddr ei n t he

oS e o R Rr e T SRS SRERE: bl b Bt 205"
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vessel s and co-localize at Sprouting points of Y vessSel s.
vascular endothelial growth factor (VEGF) and 1nterleuk1n—8 (IL-8), which are involved
in the stimulation of migration and proliferation of EC and therefore are factors
involved in endothelial sprouting. The secretion of proteases and their regulators matrix
metalloproteinase 9 (MMP9) and tissue inhibitor of metalloproteinases 1 (TIMP1) as

15  well as urokinase-type plasminogen activator (uPA) and plasminogen activator inhibitor
1 (PAI-1) indicated that pericyte progenitors not only stimulate EC but also actively
take part in the sprouting process by digesting extracellular matrix and thereby opening
the passages for forming sprouts. Pericyte progenitors also expressed CXCL16, which
was shown to also act pro-angiogenically by enhancing endothelial motility: and
-20  stabilizing forming tubes in vitro, and heparin-binding epidermal growth factor-like

growth factor (HB-EGF) a potent promoter of angiogenesis. Monocyte chemoattractant

protein-1 (MCP-1) is a chemokine protein, which attracts progenitor cells to a wound

healing sites.

25  Discussion
The isolation, culture and expansion, and therefore the application in clinics of
pericyte progenitors were hindered by the lack of knowledge of their exact origin (e.g,,
hematopoietic or mesenchymal). Only mature pericytes could be isolated from strongly

vascularized tissues. Using a biotechnological cell culture platform, which includes



The isolated pericyte progenitor cells of aim1l wherein the cells are
human pericyte progenitor cells. WD 2012/125123PCT/ S&012/ 000083 -37- 7.
The i sol aveaopéenirgt e progenitor cells of Caim1l wherePATHSGR0I2ODI0S3f urt her
conprise a detectable tag. 8. A pharmaceugjcal conposition conprising the
pericyte progenitor cells of Claimb51. 9. A nethod of obtaining pericyte

pr ogeni t or ceI | s conprising a) culturing blood cells with a matrix to

whi ch. cel |'s oqlﬁ]éléagar%?&w@é}eupehe m&&e%mq@eﬁgﬁ J}‘)Gilé geﬁ&,he Brogenitors

macr onol ecul es, producing a cell 10culture; mai ntai ning the
cell ‘cultur epupldmomwmmramimi asrhexvratmpmqmrandyn@eppmﬁmlhyonombfhs are

ted t | t th h f. I |
9810, The’ et FoRETREorme bR IEmTn Lo Qraguer 200 Blo RARIFeLhaE' ' ©
nononucl ear  egkifm(KBMODDS Ix%ﬂesﬁdjﬁnﬁﬁmdwémqﬁum A8bdsseond beu PRHs are
obtai ned from bl ood. 2012. The nethod of C aim 11l wherein abou 100, 000

pericyte Pprofencer Resc@l(15)a7+606H). (ﬁenbllatﬁdcbeils could b ndantified as Mericytet hod of

Sa? Ir ImX9 wher %Irorée;[nt[]ors ytegql)r)éss(l:(())nr‘%)tr ela e)'\Ispe?icyte cell ma Oerrg tﬁS'GPf{ [f‘ande[éhﬁ?(iel lul ar

addition they were distinguishable from other blood-derived progenitors (fibrocyte,
MOMC, activated macrophage, endothelial cells) (Bucala et al., 1994 Mol Med,
1(1):71-81; Kuwana et al., 2003 J Leuc Biol, 74(5):833-845; Zhao et al. 2003 Proc Natl

10 Acad Sci, USA, 100(5):2426-2431) by their lack of expression of markers specific for
this/ these type(s) of cells, namely HLA-DR and collagen I and vWF and CD144.

- Further functional assays confirmed their unique pericytic nature, as generated
pericyte progenitors not only co-localized with forming capillary networks formed by
endothelial cells, but were able to identify and migrate to sprouting points, thereby

15 moving along formed tubular structures. In addition pericyte progenitors were able to
contribute to endothelial sprouting and enhance it in a dose-specific manner. They were
shown to secrete mainly pro-angiogenic factors, which either influenced endothelial cell
sprouting or directly contributed to the sprouting process.

Pericyte progenitors play an important role in tube formation and stabilization

20 - and they home to fonnihg tubes in vivo. As shown herein, pericyte progenitors can be
generated in a short period of time in clinical relevant numbers. Pericyte progenitors can
be used to treat ischemic injuries like stroke, myocardial infarction congestive heart |
failure and perivascular disorders. In addition they home to revascularizing tissues, like
tumors and therefore can be used for cancer detection or as drug delivery vehicles.

25 The compositions and methods described herein provide for using peripheral
blood to generate progenitor cells for revascularisation strategies, this is an elegant,
minimally invasive procedure with low risk and from a renewable source. Moreover,
the methods use macromolecular crowding in time windows to drive up the pericyte

progenitor cell count manifold.



25 14. The method of Caim 13 wherein the matrix conprises fibronectin. 15.
The nmethod of Claim9 wherein at | east one of the organi c-based hydrophilic
macr onol e¥0I2e82/128128 car bohydr at e- based hydrophi | i ¢ macr @EBISE2UI260008\D

2012/ 125123PCT/ SG2012/ 000083 - 38 - 16. Thgsoet hod of Caim 15 wherein the
concentration of the carbohydrate-based nmacronol ecule is from about

2.5mg/ mL to about 100nmg/m . 517. The nmethod of C aim 15 wherein the

car bohydr at e- based macronol ecul e has a nol ecul ar wei ght from about 50kDa to
about 1000kDa. 18. The nmethod of C aim 15 wherein the carbohydrate-based
macr onol ecul e has a viscosity of |ess than about 2nPas. 10 19. The net hod

of Claim15 where the carb drateb d .nacy. ecul e .has a ragdj us. of
Sbout 210 about - dBe AAChDES OHALEHER At OB ICERRP IS bt BFSTeRdss cled hefdin

car bohydr at ea}:éqﬁ@(q? gerdqg;qlepe(;éﬂc@lﬁgleﬁ,e]iﬁwyrrer of glucose, sucrose or a
conbi nation there 21. "The nmethod of C alm 20 wherein the polyner is

Fi col | Tn¥®, Fi col WinlOjs ipuéngien s bwwpadIIQUdtiIhesl@WFa)ld dgeotibed nvithorefererons
23: ]]: 2: ; Eglp\éq ?%ngﬂe eriggélonafsﬁger%# gmqﬁz)te élngers%og Iby%ﬁ'ose slqll%d in theeaFI)'tatil

various changes in form and details may be made therein without departing from the

scope of the invention encompassed by the appended claims.



20or a conbination thereof. 22. The nethod of Caim9 wherein the bl ood
cells are contacted with a m xture of carbohydrate-based nmacronol ecul es
conpri si NYORPEOI2FIRAYO and Fi col | TM00. 25 23. The net hodPET/SGReN2P®B3 wher ei n
the Ficoll Tnv0 is at a concentration rangggof from about 7.5nmgy/ nml to about
100mg/ m, and the Ficoll Tm00 is at a concentration range of from about
2.5mg/ mL to about 100ng/m . WO 2012/ 125123PCT/ SG2012/000083 - 39 - 24.

25. 5 26. 10 CLAIMS

What is claimed is:

1. Isolated pericyte progenitor cells which express platelet-derived growth factor f3
(PDGFR-B), neuron-glial antigen 2 (NG2), Tie-2, vascular endothelial growth
5 factor receptor-1 (VEGFR-1) and VEGFR-2.
2. The isolated pericyte progenitor cells of Claim 1 which further express a smooth

muscle action (a-SMA), desmin, CD206, one or more pro-angiogeic factors, or a
combination thereof.
10
3. The isolated pericyte progenitor cells of Claim 2 wherein the pro-angiogenic
factors comprise granulocyte macrophage colony stimulating factor (GM-CSF),
vascular endothelial growth factor (VEGF), interleukin-8 (IL-8), CXC16, matrix
metalloproteinase-9 (MMP-9), urokinase type plasminogen activator (uPA),

15 monocyte chemoattractant protein-1 (MCP-1) or a combination thereof.

4. The isolated progenitor cells of Claim 1 wherein the cells do not express human
leukocyte antigeh—DR (HLA-DR), collagen I, CD144, CD90, von Willebrand
Factor(vWF) or a combination thereof.
20
5. The isolated progenitor cells of Claim 1 wherein the cells home to blood vessels

and co-localize at sprouting points of blood vessels.

6. The isolated pericyte progenitor cells of Claim 1 wherein the cells are human

25 pericyte progenitor cells.



27.

15

29. 30. 25 31.
WO 2012/125123 _ PCT/SG2012/000083
-37-
7. The isolated pericyte progenitor cells of Claim 1 wherein the cells further
comprise a detectable tag.
8. A pharmaceutical composition comprising the pericyte progenitor cells of Claim
5 1.
9. A method of obtaining pericyte progenitor cells comprising
a) culturing blood cells with a matrix to which cells can attach and one or
more organic-based hydrophilic macromolecules, thereby producing a cell
10 culture; and
b) maintaining the cell culture under conditions in which péricyte
progenitor cells are generated in the cell culture,
thereby obtaining pericyte progenitor cells.
15 10.  The method of Claim 9 wherein the blood cells are peripheral blood
mononuclear cells (PBMCs).
11.  The method of Claim 10 wherein the PBMCs are obtained from blood.
20 12. . The method of Claim 11 wherein about 100,000 pericyte progenitor cell perl ml
of blood is obtained.
13. The method of Claim 9 wherein the matrix comprises all or a portion of an
extracellular matrix.
25
14.  The method of Claim 13 wherein the matrix comprises fibronectin.
15.  The method of Claim 9 wherein at least one of the organic-based hydrophilic

macromolecules is a carbohydrate-based hydrophilic macromolecule.



The nethod of C aim 23 wherein the Fic011Tnv0 is at a concentration of
about 37.5ng/ M. and the Fic01l1Tm400 is at a concentration of about 25ng/m.
The net howloah12d2ai2n 9 further conprising detecting peri ®¢rsGRoRPENss Or
cells in the cell culture. The nethod of _ggaim 25 wherein the pericyte
progenitor cells are detected conprising detecting cells which adhere to
the matri x and express platelet-derived gromh factor 13 (PDGFR-P),
neuron-glial antigen 2 (N&), Tie-2, vascular endothelial growh factor
receptor-1 (VEGFR-1), VEGFR-2, CD206 or a conbination thereof. The nethod
of  C ai-m 9 whHér ei. Tht mecthddoatdClaim 1 § wherein thetcaotadratipn bf thecarabydratearadedne or

nore macronol ecul es at seedi concentration of ut , 10, 000 cells/cn? to
about 1, 000, 000 c&P4CERpCU %ﬁﬁ‘ﬁ%@ﬁ%‘&%m@it%’@)qﬁﬂg&é‘gwl he conditions
under which the cell culture is maintained conprise naintaining the cell

culture at about 37C in an atnosphere of about 5% C2/95% air. The nethod
of d ai m 28 Wher eilie mmthabef(laino hs wherimthiercadiohgdratesbasadh macrognalegpde has aabout

14 days. The nethod,of . cl ai. wher ei e, bl.oo are human cells. The
net hod of O aim 9@%?%“#&“’%@#&?@%% t{gg%ﬁ?ﬁq %bé)ugﬂu@?d&?r%r cyte progenitor
cells fromthe conbination. W) 2012/ 125123PCT/ SG2012/000083 -40 - 32. The
met hod of Claim 31 wherein the pericyte progenitor cells are isolated by

harvesting cdBl s e atethusthei(daing 13 méierein tiexcathohydreps-leased plagromalecudhas\aed

grow h factor 13 (PDGER- u =l antigen 2 (N&), Tie-2, vascul ar
endot hel i al gr owt %1%{3&%%%&*2&%&%?9&%@@. 1), VEGFR-2, CD206 or a |
conbi nat 1@n 5t hereof. 33. Pericyte progenitor cells produced by the nethod
of Caim9. 34. A pharmaceutical conposition conprising the pericyte
progenitor cdfis e methad offdaim 15 wherein the carbohydrate-baseéd macromolecule has a

radius of about 2 to aibout 50 nm.

20.  The method of Claim 14 wherein the carbohydrate-based macromolecule is a

15 polymer of glucose, sucrose or a combination thereof.

21.  The method of Claim 20 wherein the polymer is Ficoll ™70, Ficoll ™400,
polyvinyl pyrrolidone (PVP), dextran, dextran sulfate, polystyrene sulfonate,
pullulan, chondroitan sulfate; heparin sulfate, heparin sulfate, dermatan sulfate

20 . or acombination thereof.

22. The method of Claim 9 wherein the blood cells are contacted with a mixture of

carbohydrate-based macromolecules comprising Ficoll ™70 and Ficoll™400.

25 23.  The method of Claim 22 wherein the Ficoll ™70 is at a concentration range of
from about 7.5mg/ml to about 100mg/ml, and the Ficoll™400 is at a

concentration range of from about 2.5mg/ml to about 100mg/ml.



35. The pericyte progenitor cells of Caim34 wherein the cells conprises a
detectabl e | abel. 15 36. A net hod of enhancing growh of one or nore bl ood
vessel s iwWo2M¥ndi2ei dual in need thereof conprising adnPRIISGRI20g0082r | cyt e
progenitor cells to the individual, thereRy_enhancing sprouting and
survival of the one or nore blood vessels in the individual. 20 37.The

nmet hod of Cl aim 36 wherein the pericyte progenitor cells are allogenic

ericyte proggnit it
Eonblﬁatlgn ?ﬁereq??%gaﬂ&#%e net29gHéFggﬁgﬁﬁéggp?ﬁgggﬂﬁ%% e‘?ﬁg?gfﬁ%%F has
a wound, an i schedi7Snighntayd B dticodl ¥édbismat icomcentreti@odf abdat 2Angetlhod of

detecting one or nore sites of angiogenesis in an individual in need
t hereof conprising detecting pericyte progenitor cells in the individual,

wherein WO 2Q12/ g %?e’fﬁg%f@% B/fQIQQeQ%émpnél% defflfndperl eepr%gélﬁﬁ)r atnyi ch

the pericyte progenitor cells 1s detected n I ndicat | angi ogenesi s
at the ong or nor ¢hesiedlamlture. t he |nd|V|duaI. The net hod of C1a|n139 further
conprising adm nistering detectably | abel ed pericyte progenitor cells to
the individual and detecting the detectably |abeled progenitor pericytes in

the individuak. Theempiterofatiafsh 25 mh@félﬂ‘/ﬂﬁrpﬁheyﬁa @%&ﬁft@ﬁéa@l@ e dedr@ded

perl cyte progem tors m grate to a site of angl ogeneS| S is occurri ng at
a site of a tunor compgsmg defectingenlle whaefearherst todhe matriy mi prrqssphmtc

et hot of hom ng AguAe bef EBIEDEHR AR bREhEaL Mg (DG i

need thergof, cormaécalaagn@&mlm givth Tgetéhecaueit (VBGFRel )l vﬁwmm,a(tDm%lel n

the agent is attached to one or nore pericyte progenitor cells which hone

to a site of angi 8gembyatioptherepd. i ndi vi dual, thereby delivering the agent

to the site of angiogenesis in the |nd|V|duaI. The nethod of C aim 42

wherein the pericyte progenitor cells further conprise a detectable |abel.
27. The method of Claim 9 wherein the blood cells are contacted with the matrix

and one or more macromolecules at a seeding concentration of about 10,000

15 cells/cm? to about 1,000,000 cells/cm?.

28. The method of Claim 9 wherein the conditions under which the cell culture is
maintained comprise maintaining the cell culture at about 37°C in an atmosphere

of about 5% CQ0,/95% air.

20
29.  The method of Claim 28 wherein the conditions are maintained for about 3 days
to about 14 days.
30.  The method of claim 9 wherein the blood cells are human cells.
25

31.  The method of Claim 9 further comprising isolating the pericyte progenitor cells

from the combination.



The nethod of C aim 42 wherein the pericyte progenitors mgrate to a site
of angi ogenesis that is occurring at a site of a tunor, a site of tissue
regener atWorno124128i286e of i schemc injury, a site of a wolrAd/S62012/00e8di nat i on
thereof in the individual. A kit for obtaipi.ng pericyte progenitor cells
from bl ood conprising a matrix to which blood cells can attach and one or
nor e organi c- based hydrophilic macronol ecul es and instructions for use

t hereof. - Hhen

peri pher al blﬁood fr@ﬁonu (%ﬁe%t}@%gﬂgﬁ?%@ﬁ%%eﬁg%e nketelg%lﬁ%é ofied by

or gani c- based hydhaphstingceita swhichoddherd te shematyin ane axpmsmplamln*t&lenved growth

car bohydr at e- based h LLLc macronol ecul.es. Kit of i ma6
wherein the one og %%'d[&&gg;%%ﬁi)d}e&f@' e aﬁég)e aiS%ul%lr %EP&?S]?

gl ucose, sucrose Qr,&h3RaL! ﬂ%@éﬁt@ﬂ]l WEG?RH) $EGFR1S, éD@o@Br £ &hBindGonher e' n
the polymer is Ficoll Tmv0, Ficoll Trmi00, poflyvinyl 10pyrrolidone (PVP
360kDa), flextran (heeafr al dextran 410 kDa; neutral dextran 670 kDa),

dextran sul fate, polystyrene sulfonate, pullulan, chondroitan sulfate,
heparin sulfate, heparin sulfate, dermatan sulfate or a conbination

t her eof . 33.  Pericyte progenitor cells produced by the method of Claim 9.
34. A pharmaceutical composition comprising the pericyte progenitor cells of Claim
10 33.
35.  The pericyte progenitor cells of Claim 34 wherein the cells comprises a

detectable label.

15 36. A method of enhancing growth of one or more blood vessels in an individual in
need thereof comprising administering pericyte progenitor cells to the
individual, thereby enhancing sprouting and survival of the one or more blood

vessels in the individual.

20 37. " The method of Claim 36 wherein the pericyte progenitor cells are allogenic

pericyte progenitor cells, autologous pericyte progenitor cells or a combination

thereof.
38.  The method of Claim 36 wherein the individual has a wound, an ischemic injury
25 or a combination thereof.
39. A method of detecting one or more sites of angiogenesis in an individual in need

thereof comprising detecting pericyte progenitor cells in the individual, wherein
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one or more sites at which the pericyte progenitor cells is detected is an

-indication of angiogenesis at the one or more sites in the individual.

The method of Claim 39 further comprising administering detectably labeled
pericyte progenitor cells to the individual and detecting the detectably labeled

progenitor pericytes in the individual.

The method of Claim 40 wherein the detectably labeled pericyte progenitors
migrate to a site of angiogenesis that is occurring at a site of a tumor, a site of
tissue regeneration, a site of ischemic injury, a site of a wound or a combination

thereof in the individual.

A method of homing an agent to a site of angiogenesis in an individual in need
thereof, comprising administering the agent to the individual wherein the agent
is attached to one or more pericyte progenitor cells which home to a site of
angiogenesis in the individual, thereby delivering the agent to the site of

angiogenesis in the individual.

The method of Claim 42 wherein the pericyte progenitor cells further comprise a

detectable label.

The method of Claim 42 wherein the pericyte progenitors migrate to a site of
angiogenesis that is occurring at a site of a tumor, a site of tissue regeneration, a
site of ischemic injury, a site of a wound or a combination thereof in the

individual.

A kit for obtaining pericyte progenitor cells from blood comprising a matrix to
which blood cells can attach and one or more organic-based hydrophilic

macromolecules and instructions for use thereof.
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- The kit of Claim 45 wherein the blood cells are peripheral blood mononuclear

cells (PBMCs) and the one or more organic-based hydrophilic macromolecules

comprise one or more carbohydrate-based hydrophilic macromolecules.

The kit of Claim 46 wherein the one or more carbohydrate-based

macromolecules is a polymer of glucose, sucrose or a combination thereof.

The kit of Claim 46 wherein the polymer is Ficoll ™70, Ficoll ™400, polyvinyl
pyrrolidone (PVP 360kDa), dextran (neutral dextran 410 kDa; neutral dextran
670 kDa), dextran sulfate, polystyrene sulfonate, pullulan, chondroitan sulfate,

heparin sulfate, heparin sulfate, dermatan sulfate or a combination thereof.



