VI ABLE CELLS FROM FROZEN UMBI LI CAL CORD TI SSUE FI ELD OF | NVENTI ON Thi s

i nvention focuses on the harvesting of a population of rapidly
proliferating S5hurman cells fromthe connective tissue of the unbilical cord
(UC); the culture of such cells in osteogenic, chondrogenic, adipogenic and
nyogeni ¢ conditions; the denonstration of a high percentage of cells within
t hese popul ations that are i munol ogically inconpetent, as shown by their

| ack of cell surNVidABLE SELLESFROANFROIPNANMBHIGAL AIQRD AESSWBE| i ty of these
cells to be used as a source of 10 nultipotent progenitor cells for
various cell-based therapies. Mre particularly, the invention relates to
the use of FIEIzErOEIPﬁEHTa@Na source for such val uable progenitor cells.
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25bel ow), blt"*al so popul ations of progenitor cells which can give rise to
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2002;Tuchmann-Duplessis et al., 1972). These vessels are supported in, and

20 surrounded by, what is generally considered a primitive mesenchymal tissue of
primarily extra-embryonic derivation called Wharton’s Jelly (WJ) (Weiss, 1983).
From this early stage, the UC grows, during gestation, to become the 30-50¢m cord
seen at birth. It can be expected therefore, that WJ contains not only the fibroblast-
like, or myo-fibroblast-like cells which have been described in the literature (see

25 below), but also populations of progenitor cells which can give rise to the cells of the
expanding volume of WJ necessary to support the growth of the cord during

embryonic and fetal development.

W1J was first described by Thomas Wharton, who published his treatise Adenographia
in (1656) (Wharton TW. Adenographia. Translated by Freer S. (1996). Oxford, U.K.:
30 Oxford University Press, 1656;242-248). It has subsequently been defined as a
gelatinous, loose mucous connective tissue composed of cells dispersed in an
amorphous ground substance composed of proteoglycans, including hyaluronic acid

{Schoenberg et al., 1960), and different types of collagens (Nanaev et al., 1997). The



cells dispersed in the matri x have been described as "fibroblast-Iike" that
are stellate in shape in collapsed cord and el ongate in distended cord
(Parry, 1970). Snooth muscle cells were initially observed within the
matri x (Chacko and Reynol ds, 1954), although this was disputed by Parry
(1970) who descri bed them as sonewhat 5"unusual fibroblasts” which
superficially resenble smooth nuscle cells. Thereafter, little work had
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25  can also form bone nodules referred to as colony forming unit-osteoblasts (CFU-0O)

{Aubin, 1998) in culture (Canfield et al., 2000).

Recent publications have reported methods to harvest cells from UC, rather than UC
blood. Mitchell et al. (Mitchell et al., 2003) describe a method in which they first
remove and discard the umbilical vessels to harvest the remaining tissue. The latter,
30 which will include both the remaining W} (some of which will have been discarded
with the vessels, since the umbilical vessels are entirely enveloped in W) and the

amniotic epithelium, is then diced to produce small tissue fragments that are



5i sol ati ng nesenchynmal stemcell-like cells fromcord vascul ature, although
they also indicate their cultures do not contain cells fromW.
Specifically, they enploy a single, 15m n, collagenase digestion from
within the unbilical vein, which yields a m xed popul ati on of vascul ar
endot helial and sub-endothelial cells. Romanov et al. show that sparse
nunbers of fibroblast-like cells appear fromthis cell harvest after 7
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1s on or associated with the externa wa s of the cor vess s, and remains associated
25  with the vessels when they are excised from the cord. The progenitor cell population
has a remarkably short doubling time, and comprises progenitor cells having a wide
range of valuable properties, including cells that are multipotent and give rise to
various mesenchymal tissues including fat, bone, cartilage, muscle and endothelium;
cells that spontaneously differentiate into bone-forming osteoblasts; and cells that lack
30 MHC class I and class Il markers. Progenitor celis obtained from the Wharton’s jelly
in the perivascular region of human umbilical cord vasculature are referred to herein

as HUCPVCCs.



SUMVARY OF THE I NVENTION It has now been determ ned that viable cells can
be recovered fromunbilical cord 15ti ssues that have been frozen.

Accordi ngly, the present invention contenplates the practice of "banking"
such tissues cryogenically, on a post-partumbasis, to provide a lasting
resource for the on-demand extraction of viable cells fromfrozen cord
tissue. More particularly, and according to one of its aspects, the present
i nventi on c6&pttisesthpOprbmisss ©fs aofmpistaal seureg ofiptoienioapnddhat celissfouie
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present i nvenbxtamtqdramilthledesmedmﬂhmdiafedrcudibltemam stgredlﬁabstrewhéd: thssef rom

unmbi lic car o) hsin ' |ssue in
frozen 13 b I?sha eaﬁy"li’% ¢|I§)%rzyérl1t "{% isueeusm%pts prmf“?ac Ftﬁgé]gemgtﬁ é’gl s from

t he t hawed tcmslstisa]e tb he stopd atb aenvess @asedmand beirgrasaibte dellvent i on is appli ed
to recover viable cells fromcord tissue, using a nethod conprising the

steps of obtaining cord tissue that is frozen, and optionally stored
cryogeni cal |y, parti cularly by the met hod of the present invention, thaw ng

t he frozen } Wﬁﬁ d tissue to renove Sthe cyropreservant,

and extracting wa% e cell’s from e resulting tissue. Thus, in another of
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a cryopreserved state nprisin enl 0 S are recoverable in
B Vi AT ot a0 e of EPauBnat Bathe SerhBEIT R Fortal i vent i on.
In a related aspect of the invention, there is provided unbilical cord
tissue in the formaof a tissue bank C%ﬂgr|5|ng a plurality of caontainers

each conpri SY%§ Psmglam @G peegLing P 0p% sy the BlFaent ygnupnERmaniss
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cont ai ners are contai ners suit able for cr yogeni ¢ storage.

umbilical cord tissue. In a preferred aspect, the present invention is applied to
preserve the viability of cells present in umbilical cord tissue, using a method
comprising the steps of obtaining umbilical cord tissue comprising viable cells,
combining the umbilical cord tissue with a cryopreserving solution comprising serum-

25  containing cell culturing medium and a cryopreservant, and subjecting the
combination to a freezing process in which the combination is first refrigerated as a
liquid for a period and af a temperature permitting the cryopreservant to penetrate the
tissue, then freezing the cooled combination, and then storing the frozen combination
under cryogenic conditions.

30
According to another of its aspects, the present invention provides a method for
obtaining viable cells from umbilical cord tissue, comprising the steps of obtaining

such tissue in frozen form, thawing the frozen tissue, and extracting viable cells from



20 In a further aspect, the present invention provides a nmethod conpri sing
the steps of obtaining viable cells frompreviously frozen unbilical cord
tissue, and selecting fromw thin those viable cells, cells that are
progenitor cells. In a particular aspect, the progenitors are HUCPVCs and
the invention provides a nmethod for recovering viable 25HUCPVCs from frozen
unbilical cord tissue, conprising the steps of: 1)obtaining frozen cord
tissue, whi dhe throdeissorlyaprefued afpeco freipomentiiyvestigrog epplicd td lgects&teored cord
tissue, wher, ?dbﬂt Jeﬁ?frgﬂ grdttlss&u ’Sa xfn'étﬁ&pcon'l lnggﬁéjst %?th%% c\c)\%ia cord
vessel , or a segnent thereo associ at pe Pvascul arton's
jelly, and Wasielfeers mspamédptbylaléy mpﬂm@dfommah'y pariguBdy hgttsaum:olsod(ﬁf a)
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tissue with a cryopreserving s tion serun cont ai ni ng cel |

cul turing nald eymeraesdrvBNMEOd exuyctwgb}aetetqekhgfrmrhdmcwhmgatsswn to a cooling
process in which the conbination is refrigerated as a liquid for a period
and at a tenperature permtting the DMSO to penetrate the tissue,

d) freezinglhng icavited otitraspers theprasent previicheprbvidesennabodiot dlgsinimg and,
S5optional | und ni c condltlons
folro a peri ng &lgﬁ?lﬁ%n{c?nﬁ% éo%smfl %ggwh%ﬁ“ '?‘Egg%‘sraéezeenragtgar/ g‘g?l ssue;

treating therdviramlydrozen sinbilisd gerdttoswti spl ace the DMSO with water; and
104)digeggting the Warton's jelly associated with the stored vessels to
rel ease viabl e HUCPVCs. Aspects of the invention will now be described in
great er det an b faihiehaspedt ghemesenbmivargioh acbvides tnbilizgcordany, nos flsaw Nngs, i n

whi ch: 15 DEtS(f-:RanP-gp%\rl\aﬁFa-g@%presew s%tc comprising progenitor cells that are

recoverable in a viable state, whenever prepared by the method of the present

invention.

15
In a related aspect of the invention, there is provided umbilical cord tissue in the form
of a tissue bank comprising a plurality of containers each comprising a sample of said
frozen cord tissue, and a catalog referencing the contents of each container. In a
specific embodiment, the containers are containers suitable for cryogenic storage.

20

In a further aspect, the present invention provides a method comprising the steps of
obtaining viable cells from previously frozen umbilical cord tissue, and selecting from
within those viable cells, cells that are progenitor cells. In a particular aspect, the
progenitors are HUCPVCs and the invention provides a method for recovering viable
25  HUCPVCs from frozen umbilical cord tissue, comprising the steps of®
1) obtaining frozen cord tissue, which frozen cord tissue is optionally
cryogenically stored cord tissue, wherein the cord tissue is fresh, isolated
human umbilical cord vessel, or a segment thereof, bearing associated
perivascular Wharton’s jelly, and has been prepared by a method comprising
30 the steps of
a) obtaining said umbilical cord tissue,
b) combining the umbilical cord tissue with a cryopreserving solution

comprising serum-containing cell culturing medium and DMSO,



Figure 1 is a |light mcrograph representing the three distinct zones of
tissue represented in the human UC, Figure 2 is a representative
illustration of the | ooped vessel in the collagenase 20sol ution; Figure 3
is alight mcrograph of the cells isolated fromthe W1 that have attached
to the polystyrene tissue culture surface; Figure 4 is a |light mcrograph
illustrating the initial formation of a CFU-0; Figure 5 is a |ight

m crograph il ustr &l i mbiegingghecambipation to pgpligg pecEs Hewpak theat es

tetracycline-label ed (RS, HRCRherta bl YREAS ERAGRIA AR B2 ERRAkYSL YT ene
tissue culture dish; Figure 7 illustrates side by side a phase-contrast

| i ght micrograph and rerhitiing the PAlEetorrepetealy ipHsse, t he same

tetracycline-| abel %ﬂ &{e%ngkhe cooled E{nﬂbﬁhaio% th Prodidd GRREH Qg §L8ELR@N M crograph
of a mature CPU-0 oh the Tissue culture 30pol ystyrene surface; Figure 9 is

a scanni Ag el ectron mptioaddlyaph of a cross-section of a CFU-0 exposing the
underlying matrix; _Fi J i 5 I ; t he
gfc%ﬁnggl%%ﬂ??l%g %@Q%% u'ﬂgfg%lrﬁ)%re O Bordditfh® ﬁfr%%@({

lightly mneralize | res | ocated on"t he advanci ng edge of the
CFU-0; Figure 11 is <ftuesanrd thep el ectron mi crograph of the non-col | agenous

matri x (seen as gj Ob%%ﬁlgk@ifozgr?&%d%sukhe pol ystyrene interface by
cell's; Figure i

differentiating osteogeni ure 12 is a scanning el ectron
m crograph of hedvil ytresfingthalthansd ced|tissugde dishlate tho PPINSwoh watercedt re of a

mat ur e U-0; 5Fjygure;.13.: : A nonstrating
t hat V\A?geri ved égl I sd‘é%é‘h%%?é"?}lt?ﬁ%Hélgﬁégdn?ﬁgdﬁ%{hﬁggé‘?*\‘}g?&éfg"ﬁre 14 is a
bl ack and white rapsodade HOICHICsa Masson' s tri chone-stai ned transverse
section of bone nodul e showi ng the distribution of collagen within which

cell s have becone entrapped (osteocytes), and nultilayering of peripheral
cel |l s sone dfspadts ahthelifaentiobedibndow e descritmadnal gdtatoyddtdibwith edferae being

extracel | ul ar rix: Figure, 15 shows, the potential expansion of the
adher ent pe?‘f’%@@ﬁ?%?%g’b%ddf‘gpg%hn‘lv%lcg‘el ation to the expansion of the
comm ttad osteoprogenitor subpopul ation and total osteoprogenitor

subpopul at i %@wﬁﬁgﬁﬁ%lab%g eration of the perivascular W cells

from 0-144
Figure | is a light micrograph representing the three distinct zones of tissue

represented in the human UC;
Figure 2 1s a representative illustration of the looped vessel in the collagenase
20 solution;
Figure 3 is a light micrograph of the cells isolated from the W1 that have attached to
the polystyrene tissue culture surface;
Figure 4 is a light micrograph illustrating the initial formation of a CFU-O;
Figure 5 is a light micrograph illustrating a mature CFU-Q;
25  Figure 6 demonstrates tetracycline-labeled CFU-O’s under UV fluorescence on a
35mm polystyrene tissue culture dish;
Figure 7 illustrates side by side a phase-contrast light micrograph and a fluorescence
micrograph of the same tetracycline-labeled CFU-O;
Figure 8 is a scanning electron micrograph of a mature CFU-O on the tissue culture
30 polystyrene surface;
Figure 9 is a scanning electron micrograph of a cross-section of a CFU-O exposing
the underlying matrix;
Figure 10 is a scanning electron micrograph of the lightly mineralized coilagen fibres

located on the advancing edge of the CFU-O;



15 illustrating a normal growh curve with a |lag phase fromO0-24 hrs, |og
phase from 24- 72 hours, and pl ateau phase from 72-120 hours. The doubling
time during the entire culture period is 24 hours, while during | og phase
it is 16 hours; Figure 17 shows major histoconpatibility conpl ex (VHC
expression of the W cells shown over 5 passages, the change in their
expression due to free-thaw ng, and 20subsequent expression due to

recul ture; Figyted is 8 seanping elepsorarigraerdphd themey)-collagriopvesix Greue 19 shows

t he doublin i HUCE : . KLECR rate a
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25Fi gur e 20 Fighoank? is hecapniok icfeeirent risrpesdphiqdinmaydy miradived eallageigthtthat >1014

cells can b oV 8d Mt days,.8f culture. Wth this rapid expansion,
1, 000 t her ag%[gﬁggyg‘oges (TDs) can be generated within 24 da%s of culture;

Figure 23 shigmse Phidusifafes thesflay cidonst op@trrtiaa thah M) oler Hé gestion time
on cell harvegt 'M@{Sﬁ a%glﬁjﬂg@rlen%g%‘%r ovi des |ight m crographs show ng the
' I/Ci s dete é t ’

presence of ce rm ne e viable by Trypan exclusion on day 4
(panel A) amizutals i9 a bppak eind Bhiteakpreduation of/eMpsdon srvidoygstaireddgransugtecul t uri ng
on tissue cylt. [ . J .90 --E{ﬁ)@. ai ni ng
penicillin gcﬁtﬁésf%ﬁg? é?ﬂnﬁ?%%%tﬁ gﬁisgﬁbﬁt@@ggf %égaﬁég&gﬁlﬁﬁ ot é@:ﬁ%ir’en B

(0. 3p, g/ ml) bedRaraintr@pied (@tdorygkd), amil ondigr g ohpsipheal deds swongartiigon,

resul ts,gbtaj h i f I p®y.sion in 10% DVSO

wi t hout I|¢8)ri %?e%%g%%ﬁg‘?&%g?%ﬂﬁaé %3%%%%%%5&%% Invéntion relates in one
aspect to n#Figuodss shewt the pbEntigdteapansign ofribe hdleadnt pondsdulas $dgmpulthers practice
enables the.future utiljzat.i f ¢ t _are histoc tihl,e. with their
source. sub; et st ehBoF Ot oS blide bPLae gt SRR ' el o
reasons suclestaspregenited sabpapalatip&sue repair or regeneration. In the present

invention, unbiljcal cord.tissue.s obtain te- par and subjected to
freezing V\hiﬁ%ﬁii{%gwf P@%@%atlfr%o?f}feggpv%?%‘i‘l%rp\%i} ggéi%eﬁ Q%Saé@ﬁ%ou§? ored as future
sour ce af viilaitretimped dosmalloothtcarve withadihgplewst fresmfOrbinhrs, heg fliaezfomidssue, the
tissue is allowed t haw and .is th extracted .to provide cells that, when
CuTtured. ol RIBTE AR PR i i7e A Eknd ThavHoe BER SHaTeBEFTda (o

vaai Olﬁlsl _(Iorféulltdfﬁg\hﬁﬁl,is Sﬂﬁcﬁhrgﬁ‘n{h}ilhﬁuz\iﬁ%ﬁl@gbﬁéwﬁt@s imﬁdw&ﬁi In_g vessgl \éval : _skandTh
endot hel ium_ the Wiarton's jelly, the amiotic epitheljumand t i ke. e
cord from whis¥e yu%lﬁ%sF@&@gstwép%v&vﬁ@apfeéWHg‘—?e’a%rﬁwPaH%ﬁW fmal, and
i s preferablsyowdbbek B@ekshdeahbummpe WAk dxgtkssisOiwd to ke igrRedl ment

20 subsequent expression due to reculture;
Figure 18 shows the CFU-F frequency of HUCPVCs;
Figure 19 shows the doubling time of HUCPVCs from PO through P9. HUCPVCs
demonstrate a relatively stable and rapid doubling time of 20 hours from P2 to P§;
and

25 Figure 20 shows the proliferation of HUCPVCs demonstrating that >10"* cells can be
derived within 30 days of culture. With this rapid expansion, 1,000 therapeutic doses
(TDs) can be generated within 24 days of culture;
Figure 21 shows the effects of collagenase concentration and digestion time on cell
harvest; and

30 Figure 22 provides light micrographs showing the presence of cells determined to be
viable by Trypan exclusion on day 4 (panel A) and day 9 (panel B) after recovery
from cryostorage and culturing on tissue culture treated surfaces in 5% FBS, and
alpha-MEM containing penicillin G (167 units/ml), gentamicin (50pg/ml) and

amphotericin B (0.3pug/ml). Panel C is a light micrograph showing, for comparison,



20o0f the invention, the unbilical cord tissue is Wiarton's jelly. In a
preferred enbodinent, the tissue is Wiarton's jelly associated wth the
perivascul ar region of unbilical cord vascul ature, desirably human

unbi lical cord vascul ature. I n another enbodi nent of the invention, the
unbilical cord tissue is vascular tissue. In a preferred enbodi nent, the
tissue is vascular tissue having Wiarton's jelly associated 25with the
peri vascul aresplggibtamddovhed teverds Grozdnmiar pantriion iral(%y DS withed psobodi nent
t he urrbilic %g\hd tissue to be frozen is the vasculature (i.e., vessels)
and associ ate arton's jelly that remains associ ated therewi th when the
vascul ature is moved fromw thin the resected cord. Such cord tissue
includes th eﬁ%&f) SCI ength of the intact vascul ature, individual vessels,

| ongi t udi na@I—y—sertjfgil—(f?reggl forns thereof from which 30bl ood has been

optional by removed, and transverse sections of such ti ssues Thus, in all
322232 \(/)\:thl‘pgmhen %%Qélatepi\ﬁeo% asdject t%n&%ﬁﬁéﬁ&e W?or %E‘igmtn llca c& rh:rtgﬁ or
associ at ed vissubs. t"lﬁﬂs ;ﬁxd:tee laladblemﬂelfstut‘d’lﬁﬁﬁaﬁo,n df cells thanhwiﬁmﬁomgaelblby that lies
wi thin the |vascular egi I The art s..jelly that lies
wthin ti ns%par MRV R SUb e{lgosﬁmfl‘g hﬁ“ﬁ’ eegﬁlf’%eeg%wv%ﬁce %ﬁ?t or cells that
are descri beﬂscaisem&z,asael@larmrﬁmb hz@mrdetegederzimeh.ow. Thi s V\harton' s jelly is
associ aégd so intimately with the vessel walls that its isolation fromthe
wal s is procedurally difficult. Nevertheless, recovery of this

per ihvascH ain ﬁﬁ\i\bmgfxmﬁhvsntj@l hry:bnlhaﬂ cod,tisards Wtﬁ;h@iﬂors]aﬁzﬁ-?ﬁi aﬁ@ﬁbj&eﬂ%&el S i Sh
technically SSi éh nt. i nventi.on thus fu er enbraces the
uesof *such SRR oY el HEO iR bl i Sl S e R E Pttt et ul s
source mat ekiadle ckis, ue;mmelabzanalsmmm@lzw;ss@d yRgRAleGR Il wegtor ed, for
subsequent harvest, vi abl cells. 1x};e cord tissue deS|rany

f
i s obt ai nedBOA 18 %ﬂ%@f‘cgéﬂﬂf léd}él‘t whiep cplir W}H'@‘tﬁﬁ?‘i‘ﬁ’nal di ssecti on
to provijge ti ssue of the nature jUSt descri bed above, is then prepared for

freezing. Desirably, the cord tjssue i s processed within about 24 hours
fr om har vestl e giseent methed san Reappligddto aptiqus cprddisaies spelbasdhe vaserlaigsi r abl y

ent er Cron%hﬁirfgt\ﬁégs%g@allsVMnB RhdbtRliuhe s twikeHt JJ% tme%ﬁmfna Heahyest, and
nor e desi rabl hin 48 15hours and’ particul ar | hours from harvest.
The fresh t@ ihéhk?‘anTlﬁéOE%@W‘éGVhéﬁhrSPﬁgﬂ%Sm@fW%lw caah@lccpré figgsanyabl y washed
and optiona fnﬁjzh Shis Eﬁf&bwd%ta%ﬁ%o%g\ﬁ%nvﬂnﬁdﬁléa& &I}ﬁi%g ﬁéﬂ&&dkrﬁ&t but

shoul d not rozen rlng this period expect as note ereln, so that
cel | viadil pft}nenrsvenmn ém\nevxbslwlayooad fissae sdVhONIs jelhe Ipaefeémeéd errbodu ment ,

hsoci at ed. Lol AR R o MWRLERE MEP L ISy SO M SRS act e as
descri bed i mmyilealtamrd tlmcmthreh@smabhjah!hm urairidcah sord @senlabed lbymdiﬁm es et al,

in US2005/0148074. | h ted Whart
Jeily are obtarfas) AR Yot g rieh o RIS A BB it has been

opened | ongiptetﬂﬂfeﬂ&kﬂbxadxaﬁaﬂdmesemens)md;lmftam:mmgIwhamnwj@lydasm&&aﬁl segnent s

t hat ar es in ut 4cm. This_process, sheds the bul k
of “Whar 25 A SrupEH g bediihnde T & BE A TSR QORI t he

peri vascul athen@giiipnl a58 asduatsisk ﬁ%zﬁaﬂm&f?@v@&lét@&t{ﬁ@ WBSES hisd asdhigur@nds of the
vessels are _tied off for instance using c suturing or the like to

prevent t he "EXEQRS I Al yerpiprssack th‘i’rﬁﬁ‘t@\/}r"r’gm the prsulpWEssis ramoved addi ti on

or in the from within the resected cord. Such cord tissue includes the entire length of the intact

vasculature, individual vessels, longitudinally sectioned forms thereof from which

30 blood has been optionally removed, and transverse sections of such tissues.

Thus, in all aspects of the present invention, the preferred cord tissues are the vessels
within human cord tissue that have Wharton’s jelly cither on or associated with the

external walls thereof, i.e., Wharton’s jelly that lies within the perivascular region of



30al ternative, blood within the vessels can be renoved by repeating rinsing
in suitable vehicle such as saline or buffered saline, such as PBS. The
absence of blood in the speci nen ensures that progenitors of hematopoietic
origin are not present as contamnants in the preparation. In the case
where blood is renoved, it will be appreciated that cord vessel segnents
useful for storage |ncI ude not only segments t hat have been generated by
sectioni ng dfe cohe Thes¥kdrontsielhshatdisemthinikis arrsenlgagaeniss tdhapukade been
gener at ed b éf@%hh&daeﬂ@dhmsaﬁg&ésaﬁueaqbo@am13%1%} xetm bdif\e THi@nsverse
segnents, ate segnents that are strips he ot herw se tubul ar
segnments. AIWhafrf@ri Twgelbfis mmiatecb@saeumsfelgrmmtbe vesag! “@Baﬁwb@rwmlﬁ%

Vharton's J(?}llel\yalgr rU§e%tnl‘c':L HHﬁ&WN@ rﬁlél%gkt réEE\Fe?Pth 1sr§et@v Qfiart O Preserve the
tissue under condit}ons At permt e recovery of viable cells, the cord
tissue i § plVérewnisielly peess. endewishiivt esgodiged yresdly ie ésehpigaliymoses,, andtheh as any
vehi cl e sui r 208 %ggf ahdidea L& aMERECcl e further
conpri ses aE)%gléﬁB%%étﬁ@rﬁ{‘?%ﬁﬁl%gﬁ%p%c e turiyer:lglg ?1 gne enbodi nment ,

t he vehi cl e Woaronisgelly @ucn@tthwesmﬁxtﬁslsaw% mcl))ﬂ to e @07enfamémp119n@®% DIVBO,

such as 15- VG RVRQ o1 di rent, wherein the
vehi cl e com%?)l/ ges g?ycS{é) gbglsktq%?%%@ gﬁogr‘r’eﬁrt{t%%%%%f)ﬁgggl S present as from
lto 25%of t he vehicle by vol une, e. g , 5-20% such as 8-15% i.e, about
10% no r i h I r suppl enent ,
such as et gl bo??ﬁ%%éigg l%ly 1% gtal%géhlpéﬂ %26% & aﬂgmqm!?& &%égﬁi‘ggﬁ bovi ne

ser um nedi urmmoztai;éllsfecm@ntpmrmdeg:sﬁuemﬁtlﬁ-@ﬁ%_(uet dgs¢ribedsbooe, 148% by vol une of
FBS, is present f 5 f t.h h as 80-95%
i .e, about 90Y% are?%orﬁr'egm h’@%s“é‘%g ? F%r%etg ueéb %L{ésetax%%%khn 4Zl%g’orrprl ses 90%
by vol une offrom H0%6sEBSE the kisdueothps anﬂctw%em‘oﬁéh a@dddsivatdy pxaexturmgemcl y
preferred as ect of,.the inven ration . of the.ti,ss r freezing
and optional® Oé?g;?o‘@‘él?ﬁlételg 6?%?@'&:17%%]‘8’5@%%‘8%?‘}3{?%@% “5”%?%?56%&5’3‘% {éanm ti onal
cool i ng 18r 0¢eEs ahdd pirtitidartieBi igmmﬁcpﬁhﬁmeml B fyesh Oisque e e dobkdyriapr eser vant

to penetrate the tissue suffic bot h protect. the tiss and
res:odent celli’lép‘fﬂﬂd; ?ﬂj’u@fi%glijré‘éllé wi'fﬁ%fdta d?%““cﬁ‘i"“i’bﬁhg‘li‘gec t'B AP Im‘iﬂy@h freezi ng

wi || damage stai@arll pfsiie, Bdi‘t(ih@xﬂdi h@t bePatéd @iHn@riiy perlddexpeceiaiot@icherein,

freezi ng/ cryopreservation nethod c%}f% se of a cryopreserving sol ution
that, as nots8dhEY\Eabililyinpqtadwersely Sﬁgeser vant and a cell nutrient nmedium

such as a cell culturing rredl umthat is supplenment with serum The

cyropreservant can_be, any qui d agent, or an agent solution, that protects
the tisde a{ﬁ@er%%fwé%ﬁm@é}m@tfwlwrﬁ tf'ﬁé“é@éﬁé‘ﬁ%&jﬁ?@’“@f“f“%%fe&e Prbezi ng and

ice formati %sseﬁ@vﬁh d§§0%fa?€dapér¥/aschﬁ?\’\qﬁéft9@§ RIOT WRNksskR cS’A pediybeykd oxi de

(DVMBO). In the alternative, the cyropreservant can be glycerol, or m xtures
of gl ycerol @mbmeﬂm@e@ﬂ@é@ﬂt‘?ﬂotﬁaﬁﬂd@é d%@éeqfwft)mcss%ﬁlelmanner and at

the sane Com‘i 48%9§ ?ﬁ}nep Lllltltaa% ! Jgss\é’lstv{] hraggq%{ (\thgrﬂ)n%

pr opertl es arti CU Sul t use I n't e pr esent
cryopreser vaibtammd;fw@cmwmg the vessels frorn cord that has been opened longitudinally

25  and sectioned transversely to yield vessel segments that are 1-3 inches in length, e.g.,
about 4cm. This process sheds the bulk of Wharton’s jelly within the cord, but leaves
Wharton’s jelly in the perivascular region associated with the extracted vessels. The
ends of the vessels are tied off for instance using clamps, suturing or the like to
prevent the escape of any blood remaining within the vessels. In addition or in the

30 alternative, blood within the vessels can be removed by repeating rinsing in suitable
vehicle such as saline or buffered saline, such as PBS. The absence of blood in the
specimen ensures that progenitors of hematopoietic origin are not present as
contaminants in the preparation. In the case where blood is removed, it will be

appreciated that cord vessel segments useful for storage include not only segments



The preferred serum suppl enented cul turing nmedi um present in the
cryopreserving solution is fetal bovine serum (PBS). Alternatively, the
culturing nmedium may conprise any nutrient nedium suitable for cel

cul turing, such as DVEM M 199, RPM 1640 or the like, to which is added a
serum suppl enent, such as FBS, human 5serum and the |ike. Generally, but
dependi ng on the type of nutrient nedium sel ected, the serum conponent of
t he cul turi fiept hsdibgen sdnelated dinsedtioaing poile spwels ransveDeky beralinsegments 10- 20%

serum As ”%a?ﬂav%%%&?%en%%ﬁegl%g?&ﬁgftﬁ&ﬁal%Ec){i]‘al?i%g,sﬁlwéuﬁ y 9Pk LQNPT | Ses, by

vol une, about 10% ) bout 90% cul turi'ng nmedium such as FBS. 10 To
prepar e t he sedmeetsetof ggnemiesesnants thatdrsitipsad thermthaviso pdnlacsegmeniggedil t he

tissue is comhined, W%eltsﬁﬁné&{té’{ﬂg{tﬁﬁﬁ{e\‘ib&g 1?%&8{‘ A aleabidagipt ed as a
liquid for a perlod'an at a tenperature effective 1or” fhe cyropreservant
t 0 per neat e prdsentmieti;de t hus, desirably, displacing associated water. For
this purpose, where the tissue is cord 15vessel segnents bearing
perivascul ar Wharton's jelly, the tissue suitably is held at a tenperature
of about 4Clf ordentopessinyd thftisssouter ber@onsitmi pemit Geokoasy evidtde ni nut es and

f bl ; I ' Lven that
The DBO Yol t iy 1een nsp il Phra R TR bERa® by eI BRLEE it e}
per neat i on. vehiglievitabbnfoeersogenmstaags. Optivadblyethe betticle furfher dewirisesd e t o use
t he | ower, t i [ 2 : i r es wthin
the cord dus PRge Rl iRl Toctcl ShnkrheAPb loalnllEL BRSILEIDLARASIES, |
desi r abl e t clirs¢thylkdfoaidedDMIEB, s, frdratl 0-3A% RNEOpsebes VaRi%IIBMEOven ti ne

sufficient to [ i ssue i.le redqucing the.time during which the
cort | s MandRuBEETRE DA, ' RRHE: coffdtinfonl ST e LGk TR b B, B €6
t han about ZOltrimputiggerany, tbaDMYIDEs pasent apfrom 160 26%ouitlesvebicletyr e. 25 Duri ng

the refrigeration st o lhe. ti can. be.jpcubated withi.n any suitable
cont ai ner . SCRBIar By 8%t ahdb P 5 SEAPeE 108G dhdlier Srbiefie "t ube . g,
50nL i n Mol yngpled¥heis 4 eint-basdi apphient auc av 634 dbeinbsalim g appediascul ar
VWharton's jell

o R A B e e e O
hi nder ed. Afioegorr1a4) by @blaie @1 FBE NE pMe&s & Sora 178 1S9, 8£thedetiifle 8y f r eezi ng
et 1 ger at odobEatioh e GO Lyt prrbRar It ABTOHPU HeOT RERB DS Sue can
readily theRchelelcbRPsiedDbRbyivahINadstOrBasiul i, sRe cenbediorent
20
In a particularly preferred aspect of the invention, preparation of the tissue for
freezing and optional cryogenic storage proceeds through a graduated, transitional
cooling process that is designed particularly to permit the cyropreservant to penetrate
the tissue sufficiently both to protect the tissue and resident cells during storage and to
25  displace water that upon freezing will damage the tissue and cells. Particularly, the
preferred freezing/cryopreservation method makes use of a cryopreserving solution
that, as noted above, comprises a cyropreservant and a cell nutrient medium such as a
cell culturing medium that is supplement with serum. The cyropreservant can be any
liquid agent, or an agent solution, that protects the tissue and resident cells from the
30 damaging effect of freezing and ice formation. Most preferably, the cyropreservant is
dimethylsulfoxide (DMSO). In the alternative, the cyropreservant can be glycerol, ot
mixtures of glycerol and DMSO. The glycerol can be used in the same manner and at
the same concentrations set out herein with reference to DMSO. The properties of

DMSO make it particularly well suited use in the present cryopreservation procedure,

10



the vessels are nmade of a non-brittle polyner that can be sterilized such
as pol ypropylene or the like, and is provided in the formof a tube or

ot her receptacle adapted to receive a renovable closure to retain the
specinmen with the vessel during storage and allow its rel ease thereafter.
Most desirably, each cryocontai ner conprises 5one tissue sanple, e.g., one
vessel segnent per container, in the case where the tissue is cord vesse
beari ng t he Theprofixsd sbmm-shplcnonted cylwrihy meGomquederidn treyoyapbservimge sui t abl e,
as are polyeth . r i : ; ansferred to
o cryocont artiapeF R RARe G FRE). JALARTYRE BB PRk TS T S

vol une suf f iconenge goy ebeicalzhgditn svitwbigriercet! lpaltdringstweh BUPMEM, M 198e pr epar ed
tissue then g, fr . pl.acing. [ [ r N it where

t enper at ur esfi P%lnl %éggtggﬁ( gltﬁg’h{lgtl Sta{aﬁ%ﬂj%v?\}& Iﬁgt&’&l%e&ag}lgrheag%?os ’ rnleMeHze t he

ti ssue. bBn ceaememddd IkenGenerhldy, boitdeatniarengbeatype si myrievhmedivesue and
solution ar i fr t . . e bout -70C
e.g., belomﬁgggﬁﬁﬁgﬁﬁg§9 %P“%gﬁéfﬁﬁéﬁfgﬁg%gg“%2§§[&gﬁ%ﬁghﬁ&ﬁ%§3$? e.g., for
at | east abdot 8ribd elrouO20%\Mesim.pAehaeditioye, thdypreferred aiymgresesviper f or med usi ng
a controlled rate -70C f zer.. AN i X he. frozen

i seue can' e ferdrpe b SE50e b iope PRRARRLASHESES chiiihe bt °cel <
can be recowethed. FBSUuch frozen material, when naintained at - 20 70C, can
exhibiti%t | east some cellular activity, and should therefore be used
relativel'y pronptly so that the cell death that can occur over tine at this
t enper at ur e Tioprepacd ttle dssub/or dreptigf ®rdabbsequeaac egoghnivgtdragef the tismklwod of t he
present invention i

Hﬁ frozen tissupfls laﬁfd into grggﬁfnic.sgorage,
i.e., is stdPEQEY VA CERPEPACHY BB WRT B CRIEF AR PABIATIE P TR st asi . 25
Thus, after ashthet 4 tespereturSeffeciveefos the Berop@Rdradnn &Y Renaeatgthe Sksag tiuge frozen
tissue is preferably transferred to eni c staorage, .in the nner
bl ready deveRObR plriat REsstar aGus G Yot BT Rt T ek s s Su ¢ abl y,
the contigi nekssePdeBmEitdb@Glink BerivascuVaWonlitoRR &R, Bk tikdugwiithbni ik halgana at about
-180C to -200C. In the altgrnative {he frozen cells 30can be stored
cryogeni cal I'§mpgathis it abaut 8¢ Ko Rerigh of 404uh F-0H MiryarsucktidP-4miEsi d car bon

di oxi de or |ah@lﬁie‘f’er£lﬁ% 9g AR, LEREr feinPSiRrE RRALIRI AR, LiOBRIhR the this
cryogenic state for long periods of days nmont hs or years, for

week, n ) )
retrieval whiMSQ selidifieebebr Bisdgmprretsic aed hrsreguced Baup pemeatiam dfighesqui r ed,
vi abl e cel | g, £330R0ErMLEM A bhNEis FEGLB[ 1§ LR IHEIGRPRBARTRINER L8] Ng @
recovery process according to the present 1nvention. Mre particular,
ti ssue W0t histewt the metapolieprioecsbdsyidinothe gord dntied kredling Thetem ofbt ai ned and

thawed to p%ﬁg&raﬁé’rp&?l%@?tlt is desirable to strike a balance so that the cyropreservant is
given time sufficient to permeate the tissue, while reducing the time during which the
cord is handled. In general, the refrigeration period should not be less than about 10
minutes and can approach up to 60 minutes or more.

25

During the refrigeration step, the tissue can be incubated within any suitable
container, according to standard practice, such as a centrifuge tube e.g. 50mL in
volume. When the tissues are cord vessels bearing perivascular Wharton’s jelly, each
container may receive about 5-10 vessel segments. It is useful not to crowd the

30  container, so that DMSO permeation is not hindered.

After refrigeration, the vessels are subjected to a freezing process. This process is
desirably performed after transferring the refrigerated tissue to a cryocontainer, so that

the frozen tissue can readily then be transferred into cryostorage. In one embodiment,

H



5renoval of the cryopreservant. The tissue can be thawed for instance in a
bath of warmwater, at a tenperature generally not exceeding 40C. A
tenperature of 10C-40C is suitable, and a tenperature of 37C is desirable.
Once thawed, which at 37C takes about 5-15 minutes, e.g., 10 mnutes, the
tissue can be transferred to a container such as a 50nL tube, and the

ti ssue washed to dilute or renove the DMSO. The 10washing is desirably

per f or med usﬁumm@dre(md@fa mefbﬁitgﬂqoanmmasmrbea@ﬁli@)d furles d, such as water
or buffered Sa | i ne [ h S l'i quid.
Vi gor ous maé’ﬁlyﬁg°p5’fe ??1’%? 111§S&%d ll%m 2};& rlgh gorélvogla&ﬁb} olll%t}{e ﬁtm{tb?a ock or
damage t o t hdamel tosedebeniramaorapkdiosiiveo 'retmﬁsedecumm@ ttlarvedsd duebgi ned in a

refrigerator for another riod t I T | acenent
of the cyropiE&EAI%A 1:1 i}“\pf‘\a/gaseertgerg%cfp ‘%&gﬁm%@%% 1%91?;{) Ma ?@gprgs%g

addi t i on 5of oﬁmumssluesam;ﬂale@i dnieqer.isel segimt pes:uhtmnnxgurtbst:a:sneesdhetteltbfsmue:an t hen
be used to r.ecoyer viab s re i ing the sane
practices estdB V‘é&rﬁ‘é’é"‘f‘g}g Ee%%\ygsrw%g V]iag. \Ms}elﬂ Fg %lregr%?)ﬁg%%%gord tissue.
The present sniedthgds ﬁrhlpslyeuhallahce&gt h”éhdre&cg«zmteﬁ x@f&sekseihdsgrdtrm;feaefbm\a able from
20cord tissue th een. fr.o nd stored cr eni cal The viability
of such cel %8N alﬂg ﬁ'@fﬁ Bired m&%ﬁj 8r|¥°pre?er‘f1%8&t{&e%g)hhllnqauvé)lsl%%estabI i shed for
this prpOS%uﬁ%ﬂV@r@fe&{M)}M1mhh&e%teahsddﬂ1yy of the recovered cells can be
confirnmed sinply by Trypan bl ue exclusion (a procedure that identifies dead
celI's astt hose which are unable to exclude the dye), or in a nore

sophi st i cat exheprepagd tistiy ﬂ@kﬁtiﬁﬁbieﬁ@yip%ﬁ@[ﬁﬁ@bélman tito 2 58ezthk vhit itereconf i rm
DNA synthesis is occurring. Thus, the term"viablg" ig used herein with
ot er ance.t dRBITSre o PRI hie 1ov 1<vE Tt Feat T RERPEI ur 1 her
desirably diod¥nent, de @Blalrerstdahbtiting tHi@ised a0 sAGthRr@Nsltcedifie a

characteristics of adherence to cul ture bstr sequent spreadi ng
and prol i f er8Fa refloctRe [FpIPETage E’LPE%’H“tv'? & ’tbgfowsa%gﬂbaﬁg PrEpgivde 22,

parti cul gy | yorRaRed abddt 8Mdub, e 2okt 181a1aMOSH 3-8l Eodrb@/[@@%%f@&dy RPe and
proliferation phenonmena characteristic of_ viable HUCPVCs. In particul ar

embodi nent s fEfezingés RoplPERL WHE aqeatreliedsite -108] I€¥2¢tecovered fromthe stored
unbilical cord tissue are progenitor cells. In other particular

enbodi ments, the viable progenitor cells are recovered fromthe

peri vascul arlt wihbe appresiatedithat teecfeosen tissuelcan hernsed Grestly anssirlingmpteddr d vessel s

ctorage and TaEeiEhy Al SHEER Ak EPRE Shdk e Ml h AR AL EAEC, e the
or gani za( on70sf, cooexdiitit & agsomn c@hﬂﬁrage«fltcfoédd@b@uid) terafere bpnsek selatively
promptly so that the cell death that can occur over time at this temperature is avoided.
More preferably, according to the method of the present invention, the frozen tissue is
placed into cryogenic storage, i.c., is stored at a temperature at which cell metabolism
is in stasis.
25
Thus, after the tissue is frozen, the containers comprising the frozen tissue is
preferably transferred to cryogenic storage, in the manner already developed for the
storage of similar cells and tissues. Suitably, the containers are stored in the vapour
phase of liquid nitrogen, at about -180C to -200C. In the alternative, the frozen cells
30  can be stored cryogenically in mediums other than liquid nitrogen, such as liquid

carbon dioxide or liquid halocarbon.

The tissue specimen can remain in this cryogenic state for long periods of days, week,

months or years, for retrieval when a source of progenitor cells is required.
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whi ch conprise a plurality of containers each conprising an unbilical cord
ti ssue sanple. Such a collection or bank of unbilical cord tissue sanples
constitutes another enbodi nent of the present invention. Each bank of
tissues will be acconpanied by a catal og denoting, with respect to each
sanple, any information that 10is usefully associated with each sanpl e,
such as sanple origin, with reference for instance to the donor i ndividual
and perhaps a geneti c or nedical history thereof, the date of storage, the
identity of SO duce a th this
approach, t g@\jgﬁ véﬁk & Sreé@?‘\éwgw‘glgn tf%gStgléelgtug?U% ?L%Fw?bg%iﬁ%e&ﬁ \gof t he

ti ssue and irécswrnlpe:rcesatacmdhhgto taﬂpteﬁdnemeaﬁmhoglocmﬂwlanswduetmﬂsel ect
particul ar tjssues 5f or i.C lents,or to treat
particul ar %ea‘irt‘ﬁoﬁcmc‘f%ﬁ’aﬁ??wéoﬁo&%mHIE(SISfué 00\?\émrln°\gla§%lf ewf')‘#J 0 eﬁﬁétsubse%'l Ps in the
case whesse tréamoat @ﬂ’tﬁdcﬂybmmefans Thendsueessiad ﬂaamd foessehcesegiethtod beari ng

perivascul ar V\har on' s re er d dures
descri bed i n"384™ e(S %gﬁ%ﬁ{:@ﬁ(ﬁir&gg}eﬁ% |n8§(31°c 4#?&%%) qulgplr%ﬁ{ V\l)04/ 072273
publ i shed AuQUSs$ suibble 2004 texﬁp’&htMSoE@ﬁSis@hﬂ&ﬁM Onaathaivad, orjiidratad herein by

i 1§ cal comd: ERRLEAS RIEY et /0 pVafes b DeuEr Srianbiete Behiel (ped

bel ow. Theseul BASVIIOiBe, aficktht em& Iwaﬁhe'ﬁ@o aaumtrraﬂﬁoumme DivSd. Tlor d
perlvasc lar cells

25 The noted ref ces rocedur e
Do et o et P o AR e S e BT T EC BRSE R orr e
yields a unlaquateeeiﬁufﬂmwhmd, ep., B8 Bciretdsaaothbissiap tle prodlighidr ati on, the

presence of osteo enit and ot her. _human pro ells ncludlng
cell's which "83%?51‘ a3 E’igtolﬁg’re tsfucdhdesiral iy v anged t??ctg }é\?‘i?‘ﬁ’irﬁ?‘flﬁ‘/geﬁ&f %ers (human

30!l eukocyt e @M ik gemini Al hedpiltkRd ﬁl@@auﬁ/&)retam@ ircelelrigeaipst! fat dmoel S @ usef ul
source of progenitor cells fromwhjch to one and ot her connective

tissues i ncIGAPhG REERY Fyrthgrdiivpig amplﬁt@me TP SRRy A

al | ogenejisc tkansfighript ddieoeNididlonee hilrfet @oRAtHgeAL s, for therapeutic
purposes. Mre particularly the procedure provides a Warton's jelly

extract, wherein the extract conprises human progenitor cells and is

obt ai ned by ﬁle%ﬁﬁﬁagGes%raﬁ@&b@&n%ntﬂa%sééharféc@oersndbfé delts Q@@éﬂt%lhn{ o the
vascul ature of human unbilical cord, in a region usefully ternmed the

per i vascul arthgéwee, ysinghesepprctass psjablivhed for rgeqvering Yinhln c¢lkifonsieshi vascul ar
zone, and frQam yh £ hmnt @%F&E REGHDA R e%%iés%e%@ov@egﬂ&@%qﬁat gféaﬂa‘tﬁ(l: gombe

referred to as perivas t1ssue. e extraction procedure SU|tany
resul ts A0n aordetsucatbat mthenlfw?gsmmqrai ¢ryodenigallyf ﬂ“bmi@bllllbsof@ﬂcllmﬁﬂ ical cord

bl ood, epit hc%n}) conrfﬁ‘m %ang %}Eetlec!hﬂ qggs m}ﬂﬁhé%fed E‘(J?%l%@rﬁ&% cells derived

fromthe vastu vascu Structure is
defi ned as tCGmvenientiyate |vrab1lsmjaof thedicavearid-ehdsenrveican fofned Gianti by Givasn or venous
vessels. The,l et S5LB% ndi3adhin@ Bhetdngl mbiihiol Aeuniiarton' s

exclude the dye), or in a more sophisticated manner, by detecting incorporation of

25  BrdU, to confirm DNA synthesis is occurring. Thus, the term *“viable” is used herein

with reference to cells that exhibit an active metabolism, and which further desirably

display, for cells cultured based on adherence, the characteristics of adherence to

culture substrate and subsequent spreading and proliferation. An example of such

viability is shown in Figure 22, particularly panels A and B, which demonstrate the

30 spreading and proliferation phenomena characteristic of viable HUCPVCs.

In particular embodiments of the invention, the viable cells recovered from the stored

umbilical cord tissue are progenitor cells. In other particular embodiments, the viable
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jelly extracts isolated fromthe bulk Wharton's jelly tissue that has been
separated fromthe vascul ar structures. The procedure thus provides a

nmet hod for obtaining a human progenitor cell, 15conprising the step of
isolating the cell fromthe Wharton's jelly extract obtained in accordance
with the invention. The procedure provides a cell popul ation obtai ned by
culturing of the cells present in the Wharton's jelly extract,

i ncl udi ng a ppegpuitatceirrrofecostaldpro hemet wscwer Whartont jell Gppdaviton of MHC
-/ - progenlt r ation is
characterizé r%ﬁﬁ%%ﬁ%%§§§§§§&§gf%ggggﬁﬁgﬁggﬁgge Fned&?gklomjng cul turing
of the extracted cells under adherent conditions. In another enbodi nent,

the extract g lebegaggrle%ﬁ{ea% hheR a%f%i\ %@oJe y %rggég?es%ﬂh%r t&&H 1R Rnfon

non- adher ent her ent opulation present Wthin the
super nat ant niakapbisdre Bf ometizacned cméltilssieg nmwagmrmﬁ-vctladdwf ‘eartksGondi ti ons.

Thi's PA T racf ;83whﬁjég%l‘6?a‘ﬁgﬂ¥fc%&%§§f‘% 'cgﬁmghg%% 2l ﬂ%&i%ﬁ:‘d ti%Eu ¢ he

initially pIa{ 0 a new om1t e as
non- adher ed semples Stich eattotl!acmntoo barﬂxeafclmbtlwaiecosdmﬁsm:@mpﬁa|censpmw-ess | s

repeat ed Lok SR dRnl bASky L LANRT BLAI G, bERRTRARE | Nt anot her

new T-75 fl4sk T'n or remal ni n This PA cel
popul ati on coapsjasied ba asatbkogﬁamm&om}oﬂesmpng emhtsannpbeehdysinﬁ)h‘aatgonmﬂmn

culture under |t|ons [ erates rapl and formnms bone
%nggl ISSOClbgte r\ﬁl& eél% SS yléj C-lh as Pa ﬁ]OVIe(Se ?

nodul es dnd 'F 4§ 2s° T means to
i ncrease t hangtarek ¢ thé daﬁbln ardéniduat add ;&rha@oh atredc Mmmmaﬂl hisenzyemdf, thedi gest

I | at j Th | d f tted
ost copr ogeni PGt sertie BhEFSEY oF S aie) oM BBl e e Per 4Tt ng 1 nto
bone cel | s whan utudppiiact] thatissiebapbsaneeveab rgufiplre e fitsreabhef tht 88u¢ equi red

for such diff ren iatio here is Y0) rov ded a t.hod f roduci ng
connecti ve taing ‘eﬁeﬂthe ﬂlaﬂﬁ%ﬁﬁ%i%lcg% ePbF&é‘*%“FEEEP«SeS ﬁS@%e tissue

and nuscyse tfbﬁ@é%th%ft&hlaﬁ@d‘ﬁéhts%ﬁﬁy ttdaepasﬁ@ma{ed&w%ﬂ@mbm cell's obtained
fromthe Wiarton's jelly extract to conditions conducive to differentiation

of those cells into the desired connective tissue phenotype. In this 10

respect, therd BURRE gl hrotdIRk c&fs(?x\[lifé%ﬁsefv@{eré e sti28 tidfue 4R G&bdISod N
cel | -based therapies including cell transplantation-nediated treatnment of

medi cal condessebyegments Seasivs peryigeudr Mharon$ jelly, reference may be made to the
procedures described in our co-pending international patent application

20 WO004/072273 published August 26, 2004, and US 2005/0148074, and incorporated
herein by reference. More particularly, the isolation of such progenitors from fresh
umbilical cord tissue, and their properties and end-uses are described below. These
progenitors are referred to as human umbilical cord perivascular cells or
“HUCPVCs".

25
The noted references teach a procedure for extracting cells from Wharton's jelly of
human umbilical cord, which yields a unique cell population characterized by rapid
proliferation, the presence of osteoprogenitor and other human progenitor cells,
inchuding cells which display neither of the major histocompatibility markers (human

30 leukocyte antigen (HLA) double negative). The cell population is a useful source of
progenitor cells from which to grow bone and other connective tissues including
cartilage, fat and muscle, and for autogenic and allogeneic transfer of progenitor cells

to patients, for therapeutic purposes.



There is al so provided a conposition and the use thereof in tissue

engi neering, 15conprising progenitor cells in accordance with the invention
or their differentiated progeny, and a carrier suitable for delivering such
cells to the chosen tissue site. There is provided an extract of Wiarton's
jelly (W), as a source of a rapidly proliferating cell population
conprising human progenitor cells including 200steoprogenitor cells, as
wel | as i mmse prtedt Baprosedurasprovides aWhay siglig ettfachyheeitthon can be

referred to e%actf'Wm@i@lrﬁdnﬁﬁ&geﬁf%r@e@@ﬁd‘(@@&&h&f byl ddkeMc fgdslish ofThe HUCPV
cell population constjitutes rich source of nultipotent progenitor cells

that are unitfu¥harpry Hglly prﬁh@rﬁéwb%vasséatyredﬁ hymps, vigbilicd gerdh B B4I0R he

25variety OﬂméﬁlJuﬁH&ﬂﬁ@&hﬁ&hﬂﬂ§z&ﬁQﬁ@hﬁﬁQnEhﬁreﬁﬂeh%h@wﬁﬁ%&M§SCU|ar Zzone
of the V%arton s jelly fromwhich the cells aré extracted can be referred

to as pefi vaseyasatanzoss gad fram whiddhepiogemtor ¢als arcerhnetysh sijetsalsr cel | s”
refers 1o celfSed t@% p%JaLcu@drftxgs%E eﬁ‘ﬁé é&ﬁcﬁﬁﬁqﬁéceg&g QatbR) L&fts ang{ or defined

conditions into cel i ven phenotype. Thus, an oOsteoprogenitor cel
is a pr ogemett@%ct tat 48 eﬁqqatnallw e fiomraells OElénltlh@l %@é@l@ﬂwttwi& eHlger and

ultimately 9&&%&9(‘&11& bfs&yeid’%@@el%eh%deﬁ'oxﬂ@Q%as&%%dt&@%fﬁéml I shed for

such comm t nment and ferentiation. pr ogeni tor cel
"i muno- i ncm@t\@mular@?rucwgmdwgbmﬁuemq 1§t1@ac‘e¢dta ml\ﬂdmgltla 0§henot ype t hat

is negatjgve fof it v@%s%gsag%% res@ eﬁl@gh?an; ﬁwﬂn&&%ﬁl Jthé%ﬂoﬁ%s I

maj or hi stoconpatibility conpl exes rogenitor ce i's also
referred tojﬁb’rc’éifh@a?smawdlﬁ@m tﬂ@h@k&f}welgatsuq}lef tisgye t hM—l@enﬁepar.ateTlhe HUCPV

cel | populaqhﬂpmg gﬁ;ggla&&n1vw is also characterized by "rapid
5proliferation”, (e ers to the rate at which the extracted cells wll

grow rel ative to ot her known progenitor cell popul ations, under conditions

that are st %@?Fo@e%&% et g@%{aeg z?fneﬁ\‘ngil% rabfth e%aolﬁnnda‘} ég!gelnscﬁ%nappr eci at ed

fromthe exper S presente owt in Figure 16,
t he prodéni tcompgghg thpepp bﬁtsolamg:tancdbﬁldah@lamthm gty edqrstt chbdnetl i25 hour s
and as quickly as 7-15.h0 Hw%nmand t hus expands far nore 10rapidly than

ot her known osteoprogenltor ¢at popul ati ons and ot her progenitor cel

The procedure provides a cell population obtained by culturing of the cells present in
the Wharton’s jelly extract, including a population of osteoprogenitor cells and a

20 population of MHC -/- progenitor cells.

The extracted progenitor cell population is characterized as an adherent cell
population obtained following culfuring of the extracted cells under adherent
conditions. In another embodiment, the extracted progenitor cell population is

25 characterized as a non-adherent (or “post-adherent”) (PA) cell population present
within the supernatant fraction of extracted cells grown under adherent conditions.
This PA fraction is derived by transferring the supematant of the initially plated
HUCPVCs into a new T-75 flask to allow the as yet non-adhered cells to attach to the
culture surface. This process is repeated with this new T-75 flask, transferring its

30 media into another new T-75 flask in order to harvest any remaining PA cells. This
PA cell population comprises a subpopulation of progenitor cells that, when cultured
under adherent conditions, proliferates rapidly and forms bone nodules and fat cells
spontaneously. This technique provides a means to increase the yield of adherent cells

isolated from the enzymatic digést cell population.
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popul ati ons extracted fromW. The cells and cell popul ations can be
obt ai ned by extraction fromW of human unbilical cord. Unlike the prior
art such cells are extracted fromthe W that is 15 associated with, i.e.,
proximal to, the exterior wall of the unbilical vasculature. The Wharton's
jelly that is associated with or very near to the external surface of the
cord vasculature lies within a region terned the perivascul ar zone, and
typically remains associated with the vasculature when the vessels are
exci sed fromytBR CREais@rolRedONBulabn bMSLANEE QkdoBRpediRr 8fsr act Wiarton's
jelly fromthe cord, or to extract the vessels 20fromthe cord and
associ at ed \hupgterived by gieipyoperty ohgidfereahitingamp posereHs MBEMEFILItAn thie Wharton' s
jelly withinptHisMEpII%AGRUSIREARP i b WknChriastiatiyPi cal |y been di scar ded
in prior art practice, 1s a rich source of progenitor cells having the
char act e_r5i stics herein described. Accordingly, one exploits the tissue from
this perivasguleal izPRsviatd 4 H,%th%%rtzp%uésng 8brln¥ctB® ti@su%?i‘rl(:lﬁ&nftr ghneusef ul - hunman
progenitor cells, termed HUCPVCs. 25 In enbodinents, the V cel |
popul at i on itissuehegrtilegedispuce adipgre tinmie ppemesriclisshe, phisheampaies g sep davi ng many
mar kers | ndiseabdong <Ofs bl RGP ABWIRRFGIN RIrad ROGREABLODALRAI D
phenotype, i.e., CD45-, CD34-, SH2+, SH3+, "Thy-1+ and CD44+. O particul ar
si gni f i cancdifferersiaperpef] these gells istodhedesicedeqonpestivg Bssee phangtyas IwdkiBouring cell's
30 that are Lt i i.Ched Lty e KA Lve of

that g S thy Gl o ol RAAYr WIS B duSlh BelTRY &ﬂ-basmh b
pericytes. ‘F ektragte “cel opul atlron Senerualll_ﬁey is a norp g‘?%lgél/cal ly
honmogeneous ifidhplindhtcistaneplawdtionpagdiated treotmenivbf oedienk prdgpas, didepigaandct i n,
desm n, and yibeptin, and provides a very useful source from which desired
cel | subpopulations can be obtained through nanipulation of culturing
conditions and sel ection based for instance on cell sorting principles and
t echni ques. i r - ilical cord
care is take%%fﬁ%(%%‘gﬁoﬁ@gégg@?}é\dgﬁ%g%}%?lgggeg%ht%%iflg\q}galuglég@ﬁeregc ing cells of
t he unbilsi cabmpdsidg plogerdior egisthalchalkn@etithshomvemovhékirdiffaeithedof t he UC,
and cells derived fromthe vascul ar, . str re.of th r.d re vascul ar
structure ié’r%fgp?”r?élgag‘émfe Sém%ﬁ?oéggh\feﬁlp %%clﬁ cr%lés Péﬁea%(ﬁgegél\?%uﬁ}tg?g of arterial
or venous vessels. Obtaining an extract that is essentially free of these

unwant ed cell.s can be, achi eved car ef. l. ushi ng _and. washi ng of the

umbi I i cal co refﬁBﬁvﬁjF‘??%e’ﬁTagtsﬁ?%W? Sﬂ%ﬂ’i évvuﬁnasﬂfg‘érﬁ? %f%alﬂap@’yssecti on of the
vessel s fr orpryifefatifg édliepoptiaton chafriviag Sehsn p@peradboselibenchatigf ul Iy pul | ed away
fromthe surrounding cord tissue.in whjch case tpe perivascul ar tissue is
exci sed 4fi t HFsfeARogRlioppalls, aspvefljap immuaonoompsient &liSt hat , with care being
taken to avoid extracting these unwanted cells, they may still be present
to a small extent in the resulting extract. This is_acceptable provided

t hey 15000urﬂ‘&jcex%a‘i‘?dé“&lléﬁﬁ‘ﬂatf%&a? Grefared e &y usiae umbilicat ¢oed Bvesla resul ts
present ed hQi®jdPv) cells. The HUCPV cell population constitutes a rich source of multipotent

progenitor cells that are unique in their phenotype, particularly as revealed by the
25 wvariety of cell subpopulations contained therein. The perivascular zone of the
Wharton’s jelly from which the cells are extracted can be referred to as perivascular

tissue.

As used herein, the term “progenitor cells” refers to cells that will differentiate under
30 controlled and/or defined conditions into cells of a given phenotype. Thus, an
osteoprogenitor cell is a progenitor cell that will commit to the osteoblast lineage, and
ultimately form bone tissue when cultured under conditions established for such
commitment and differentiation. A progenitor cell that is “immuno-incompetent” or

“non-immunogenic” is a cell having a phenotype that is negative for surface antigens
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i.e., observation of cell colonies derived fromnmesenchymal and
specifically nmesodermal origin, frequency and rapidity of fornmation of
CFU-F, CFU-0 and CFU- A, and characterization of HLA phenotypes observed in
the cul tured popul ation. 20The tissue that lies within the perivascul ar
zone is the Wiarton's jelly proxinmal to the external wall of the unbilical
vascul ature, and lies typically within a zone extending to about 3mm from

t he ext er nalasspeipted fithtchpes LandsbissIl ngigrthiginopmpetislity spgplexesX Mot iSeeh zone can
lie within %m ool r t I | .any one of
the three vgi?g&egcg. %%ea%orrgg{}% h%ﬁggnvés aﬁ :ﬁ oLrﬁb E@%‘{%f‘f"@%?)éh&%éy Ig% /ira'éadi |y
achi eved using 25the techni que described in the exanples. In this technique
the vessel s @L e ussd i sglis per se are
used as the 1?tﬁgist rat %@11‘31}0 ‘r‘r‘?‘%’{%’ﬁé%‘&‘gﬁ%‘%gg’e#‘%sg?ﬂgé‘}‘%}?eg?g Ig It% racted. Thus
cord vess$el praddemiiony, whichiefers weth¢ rage b vhpbirthaerdetipdeclls wgld geowarelativs ci sed

ei ther surgi Y/ 18 . i | s been
washed t hor (;{}Jg h|:ryknt%£))\m %@g&égﬁsgﬁ{ﬁ?%ﬁﬁl nré cAg?tg}%hf}%gﬁgg%ﬁgédm%ﬁant s. 30-the
vessel s beamrognitdieclhexpensiol. sewilMesopiesipted romuibs experiventtirondist her eof , are
t hen i ncubat t | r [ TRd] a5 chAhRsphat e

buf fered salp?%gﬁ%b%gﬁg’cagﬁt%gfﬂr?&ﬁggg%ﬁéenrz%;&lng?’g)ﬁgdbr:égﬂ ?%(ram?ggst I ntg}gt he

col | agen matwiihin gfleastaboptstsi hoasand ag quickds ae’-1 hhovns, ohd thheexpendsriedner| | s

resi de. ,kor thi r po i ' M . ' ' le, at a
concent rigti o lﬁttlﬁaﬁr?aleﬁgﬁor‘%n%gc%ﬂoggﬁuég %%%&38%%1% %ﬁh‘t@%@r ‘irgg%#%[}& or nore,
e. d., 0.5ng/pohulatidne ceneyeddronypd, concentrati on and incubation time can
vary, and alternative extraction conditions can be determ ned readily

simply by nmonitoring yield of cell phenotype and popul ati on under the
chosen condiThe@els anBaell poysitaainsecan de bbigined by etttaagentase Worfdembn at i on of

4ing/m (e.qg.,, .1-4ng/ S, al so syi t abl e over shor i.gestion period
of about 3 ﬂ‘gthﬂécat g'y%n{jh kedhq piifF & .Su&?ﬁ%aeteﬁtéac&lﬁo&%eﬁ{th‘%ﬁg ends of the
vessel s 1ar e dsdoefdted@ithGl.¢. pRpedmabiof thaesteta@vdief siuapeiiativabamerd Mdeext racti on

mediumto avpjd contam nation . by agents contained within the vessel. It
Wi Tl thus beVisimaarin e it ptpoittibothas Vohne: Fupr sxepputece o HsesBht i al 1 y
free from comsgtulht@edeRitlif a repiddl thingal thegtiidaPlat Avle] @l tgedalis revgss el

endot helial cells and vessel snooth 10rrus§I ordin &td%nt he

. e cells. Ac
present i nveRtacrd vatiche yasswpfure vehepthy egse wgﬁ‘ifrawﬁﬂ Gh e

cryogeni cal | gy in@BckelcRBreS BLrabl @RhkdIes Etclg?r@rﬂ R cofd, P BERIrGct ShcAdeBselsn @ manner
permtting the extraction of viable I4 V progenitor cells fromthe stored

tissue. 25 ditiethegpidend ipsraciatss Yyraston'nnllyc drhapeempskadlyi heer Fwnd 89t &€ on
procedur e ar gy 0k pONALLBhRS R w RoPFashidfly B Thschiathps n s

wel | as EDTA. pt1 mum c agenase concentration is ZI ng or

di gesti on penripoer af practisels & richasauresig hrogenitos selishguing theecharetalistigs i ve is to
use 0. 5ny/ , - oo 1ot ] .1 er j : enase
concentr at rghr?g&[g?%sg?%ﬁug‘t%?g? fé‘ﬁéi é\Ael ."gf&’p g{hf%l.sgu%eﬁs%% dgﬁﬁén&agflg%gz@b%ﬁﬂl s halted
at or bef or ght Whaness @l abe gpuncetfor ghefpl haevangrogdejtoneslls howmed HUGE\x. e 21,
occurs af different tine points depending on the coll agenase concentration.
After about 24 hours in the 0.5ng/ nL col | agenase extraction nmedium e.g.,
12- 36 25houris enmbudimeais, th8 HPM Pvoeel | popalntialit elfaraboized By thopresericaof he 4. Ong/ nL
col | agenase

progenitor cells having many markers indicative of a functional mesenchymal (non-
hematopoietic) phenotype, i.e.,, CD45-, CD34-, SH2+, SH3+, Thy-1+ and CD44+, Of
particular significance, the population is characterized generally as harbouring cells
30  that are positive for 3G5 antibody, which is a marker indicative of pericytes. The
extracted cell population generally is a morphologically homogeneous fibroblastic

cell population, which expresses alpha-actin, desmin, and vimentin, and provides a

very useful source from which desired cell subpopulations can be obtained through
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extraction nmedium the vessels are renoved, |eaving a perivascul ar tissue
extract that contains human progenitor cells. These cells are expanded
under conditions standard for expansion of progenitor cells. The cells can,
for instance, be selected on polystyrene to select for adherent cells, such
as i n polystyrene dishes or flasks and 30then maintained in a suitable
culturing medium The extracted cells can be cultured for expansion, wth
or W thout pranpulagies ebauiltoring endisigheindeleetion bgsed fprdastance nacell edngof stirred
suspensi on, - i : i nstance by Baksh et al in WO02/086104, the

di scl osure ggﬁ({ﬂﬁll(g% %tg&gﬁg%por ated herein by reference. The extracted
popul ati on of HUCPVCs can be cul tured under adherent conditions, and

non- adher ent,. c esi j : I.eG khJ urt her
Cul tar mg. " TEeeid sl Bkt o R B s R e opul 't on
by a pr openskiractibn ploogsatdmnsl axvduingseliad thaumiibddl sord hinet aapeibelsl gellsThus, the
procedure PlOYLAaRAMCM AL AR LoD Gh R IR LBk GE bt oext T act ed
from perivascular 11 ssue, e cel'l's havi ng e propensity to format |east
one of severaid, dhértenenliat stetirgie defined petheityrddagditiveg, bsdie apeépdventizelr t i | age

cells, fat I S [ |'s constitute
t he non- adhga?(grrlf%SI Og p%lg I oe%!;eg %%E%%c{}&ﬁ{ ﬁ?sgﬁ{‘ﬁﬁ%gjﬁé gfgﬂ(gsrgent

condi ti ons. uBweited edlls saraveacbisyed mewrdiyl flshingridryashing ofp teivaddogl erd

ti ssue-extracted 10HUCPVCs U r [ . Lt 2ct hn he

non- adhgliéentpngreiol d}sﬁgcﬁaﬁ%‘?’\%db ncg%ﬁgﬁg%bﬁgﬁq%gésg ﬂifr?\%ﬁ%@%g? g?lr]t%i cel |

popul ati on Uideesselongh dlscdrscansiefyyhulledawdy) frex pendreasidthgpopisatdion or (2) to
cause differenti atiﬁgpt here? o a desi o uring

f.int I |.L,.phen .
condi tions JEBFLISY SRS RS ET* AT eaﬁlfe/ﬂlggfgsasgllsi gﬁég%ggfpr?%% expansi on
and di f f er enhdtavitiothre Besngetdlenyb iafoié extiuerigd theselbwiined EUSRYesmbypopitieat i ons can
be cul tured and ex an%gd unde{h stalndarc% adh]ﬁ'r.ent cutl $1uri ng%ﬁ nditions. As
i s reveal ed MEFYI'H 2 ST HIAHHLPE FEEBE FEShu It 1P BHEPAP'S PR ¢ conprise
t he i mmuioi r@@arﬂae{;] ﬁ&ﬁuefwy 6 fovi mnmaﬁgemgm,thmmgeeﬂ ie@.m,praaﬁemﬁaﬁ,c hylmal
progenitors. 20 The cel]s. present (n e extract can, ei r directly or
after their &xpBasEyagan O‘ItfénsCBIrOP@Ei et O’é’s"f‘%lgﬁﬁ“i%é’ﬁéloangée?ﬂﬁfit‘c&ﬁ%s to provide
expandabl e syRp@RMhRdHRN %e@%ni:ﬁﬁlﬁl@aﬁﬁi@iﬁy sftbingatioh oRCgUME ITFRNERAE YPE. Thus,
there is further provided perivascul ar tissue extracted cell popul ations
that are enr@RéEhFHteriFalian @ dtldhphenplyrsscirysrsd ip ErsfalPres PoRMatios,
250st eoprogenitor cells, cell populations that are enriched for

i mmuno-i nconpetent progenjtor cells, and cell popul ations that are enriched
for mul t230potldstiissnedhas Hieewithip dreriictiviscdan J08¢ tsibg WhpEOT siellv Bror iesd #pde ent .

Further, th eex&ﬁlllall Waft Bf'thg %m%m’c- g&?%%&e,saﬁh fied tgﬁ??%ygg{;%i b Qeﬁeeexwﬁ@fngar €

positive for the pericyte mar , using
to about 3mm from the external wall of the vessels. Suifably, the target extraction

zone can lie within about 2mm, e.g., about Imm from the external wall of any one of
the three vessels. The extraction of W] from this region can be readily achieved using
25  the technique described in the examples. In this technique the vessels are used as a
carrier for the WJ, and the vessels per se are used as the substrate from which the
progenitor cells are extracted. Thus cord vessels bearing a thin coating of
perivascular tissue are excised either surgically or manually from fresh umbilical cord
that has been washed thoroughly to remove essentially all cord blood contaminants.
30  The vessels bearing the proximal perivascular tissue, or sections thereof, are then
incubated at about 37°C in an extraction medium such as phosphate buffered saline
(PBS) containing an enzyme suitable for digesting the collagen matrix of the
perivascular tissue in which the desired cells reside. For this purpose, digestion with a

collagenase is suitable, at a concentration within the range from about 0.1mg/mL to
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thereto, and to select only for those that are negative for either one or
both of the 30MHC class | and class Il markers. The cell popul ation can

al so be enriched by sel ection against other surface markers, such as by
depl etion of those bearing CD45 to renove hematopoietic cells, for
instance. As is revealed in Figure 17, the distribution of MHC markers
within the progenitor cell population is altered by freeze-thaw ng. Upon
passagi ng ofl0fmehl. cehprs, e.g.hShe/aduciepnamame. dersshietive gad ingebagian | s i s

rel atively GoRsbAOLLIRGEAORLI LARLEASEiiOMRMR derchlified FEANARGK,OT MHC
doubl e negative celf's 1n the progenitor population is 5increased

si gni fi cant by nionitorsig elg bfeedibhbwsitynswing gofulasion jupder theralgsenjcanditienspr ogeni t or
cel | popul ati 0 & MAC alubl8onsaat e RRENYDAL MQIshur t her
characteriz%%9%§ﬁ§%éé%gg%§%@§$yst8g?ncﬁegse |ﬁy%réq§éncy£$gl_3mfng

freezi ng5 Swchbloweri sigriersdigretidropemed of shonhkhemute g nhheurs). Byritg that
preparing a . aly _ CSLord loa b€ ko for the
desired perF%%%hfﬁtkﬁ#@gggﬂggﬁ%ggﬁgﬁggokﬁg?kgggEﬁ%éﬁ?s ggﬁ%be 10st ored for
many years itffe @esitivednediinetorretid edntaminaterf by agents cprtaiderscwvitlyn KleGeskslbl e
negative pr ni g or | il ' o it act as
herein desc%ﬁ%@&%gﬁF%gﬁgﬁﬂegggﬁ an%gggF?@g%éﬁ%?gﬁgﬁﬂPﬂggﬁ%gﬁm? é?eof,

subj ecti ng bhedexis; ambiliosl chrdapithaial ¢eiernest] andothslial edlsiand vesaglgmiohidn
culturiqg thes&ggqgn cells. The resulting cells as noted are potentially
useful t'0 i NATEE “Fissue formation or repair in human subjects. The cel
popul ati ons obtained fromthe extract or froma suitably enriched fraction
thereof, are useful either directl r. fal.l owin helr .expansi on to provide
20di f f er ent iERGTEL ﬁ“”ﬁ&"ﬁ‘t’ﬂ‘é’%‘i%‘h"s“f Yoo 5 ﬁ%"eﬁrg%&c%%r’ae@ ¥ able for their
fractionati @fyogadcatiys ianghesntd framndhd Pozeh hecryog@xisatusd ion eanacgstraiingshed i n
the prior art. Expansi.on ceed,. for,instance, .in the presence of
factors sucﬂ“agﬁPﬁmﬁQﬁﬁab%?ﬂ%&%gPF%EBE¥8??f%ﬁh &P yent s known in the
art. Thgscell population, and particularly the osteoprogenitor cells
therein, can pe subjected to differentjation usin ondi t | ons, 25est abl i shed
for the gr oﬂ‘ﬁerélfgeﬁ NESTEITRES (RAt CHEheSF mtﬂﬁé&ﬁpmggz%ug %%@gbop ation of

ost eopr ogenigioml E@renibika0.65 36 nig/AMitie SWdius BDT QT THhpupuegeni tor cel |
popul ation, referred to as conmtted osteopro%eni%ﬁigighave shown t he

abi ity to @PHIESRISACIIECRTAtan fYENims By @ S1a55tBITEY T APIRER ALSS

Al ternati velyperkiie sRShRRBE QIR @.%{ﬁﬂlf&sf ga4encRttl S 8led dhtealiRdirdIM
suppl emented W th one or nore agents that stinulate 300steogencsis, such as

dexanet #4s orsellagepasg gericentsions fe pragehintogure 8| | Besiablygfigestipeis halted
at or before the vessels begin to degrade which, as shown in Figure 21, occurs at

different time points depending on the collagenase concentration.

After about 24 hours in the 0.5mg/mL collagenase extraction medium, e.g., 12-36

25  hours, such as 18-24 hours, or after about 3 hours in the 4.0mg/mL collagenase
extraction medium, the vessels are removed, leaving a perivascular tissue extract that
contains human progenitor cells. These cells are expanded under conditions standard
for expansion of progenitor cells. The cells can, for instance, be selected on
polystyrene to select for adherent cells, such as in polystyrene dishes or flasks and

30  then maintained in a suitable culturing medium. The extracted cells can be cuitured
for expansion, with or without prior selection for adherent cells, under conditions of
stirred suspension, as described for instance by Baksh et al in WO02/086104, the

disclosure of which is incorporated herein by reference.
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cultured with supplenments suitable for stinmulating differentiation into

ot her nmesenchynal | y-derived connective tissues (Caplan, 1991), including
cartilage, muscle, tendon, adipose etc., all in accordance with standard
practice in the art. As a practical alternative to in vitro culturing of
cells in the cell population, it will be appreciated that the cells can be
transplanted in vivo to induce the formation of a desired tissue directly
Wi thin a pathestracy pbuldion 00HECPVMIB chmbesdul turel ondeatallomend bolgittiesi s pr ovi ded

by inpl anting, osteoprogenpitar, for the benefit of i ftering fromb5
various bon dc'%ﬂ'i‘é‘?dggfi‘?fg,egﬁeélg%@é“st%‘éﬁlﬁ’eﬁllag%{reaé%?eg? veﬁ%ﬁof @B‘?\ grr(i%i/{mitlﬁl udi ng
bone fract urgesapospsdiREMOT @1 sre cRitadieridee aapsubpomidationbs @ phopeagitylts ed to
attenuating _ nal adi es, of ot her .connective tissues such as, .but not limted
to, cartil afEm bhore nodesa) ?ﬂt 8?!gfﬂ%’??nﬁﬂ’ﬂf Oit{\ggﬁg%grg%et%ugrpé%\g%%tagr cells
present §n {daRtc@globulp@pidftdgaifitarcellspairhdtaiiran pyrivasdulialtisee) the téllss respect

gi ven the substantially reduced rejection respanse. fhat,can . ected

10f ol | owi ngP#Yieg wePFP;?F%é? ogh at {564’ Oﬁ%‘éfosf’ e rdgfﬁe\%%}%ﬁﬁ'fp St %ﬁes i? ﬁg@égl s can

be provi dedpase @15 QAMGEE CEIBNat Ealis bhemuatigellh,silkgimswehprdgeritonsafsul for their
delivery to the tissue sjite selected f i neering.. The cells are

present ed iﬁoﬁnﬁ’é‘%@eé‘P‘T'é‘H’FW\%E?CﬁP“Pﬁ@egﬁ{m&“@f’%g?@rf’ efeé& expect ed t hat
15an ef f ect iyligds! SEASRNVAE bbtained bycilfieing aRgerfasamriBaictaxuriddd cel I's, e.g.,
104- 106 such as 2 x 105 cells, per dose. The car(aliﬁ%ré%g% ect eg for, delivery

of t hosa0ceHUCrs wpdpsadberepisapdupts; siectipgthg eop RORUIBVYL A%lir es

est abl i shed HQreul§ideMBs YorOdan¥leatteB pe@lidtion ubfer@ il nymsissl to (hexpaldl s are

expl oi ted for purposes of bone tissue _eng;i neer i ng. | n orh'{e enbodi ment, the
cel I's are prad@apdyionior @)4e eavss filerentiation dareof it f desred Sk RICROMR er i al

20t hat ser veghfnd QhdkibdCudehe 1Rl e Bbs@ilrdaiPlstidlisial for saeNexpahdiéh that is
defective or fractured, or is surgically prepared to receive the inplant. A

variety of mad dificeangatigneassypmplficd he&itarriers for this purpose. In a
parti culygr enbodi nent, the carrier is fornmed of resorbable material such as

cal ci um phosphate, PLGA or m xtures thereof. Equivalent materials can be
used, provi déd HIHRV subponuldtions eanebecuitpred angt ¢xpprded ugdes pleadapdbeieieRly f or mat i on
and delivery -t 0Si t:] i i i

compat i bl o el EpSRTRe et Mca B 3y SBRUASE BRMANRREREEAENY (o1

del i very of t¢ hempisogeninomoimedrhpetenit bt ndnriginylegsneh prigedtosyuerd as PBS and gel s
i ncl udi ng hyaISurC%nring] %giegitOIQel atin and the Iike with equival ents 30bei ng
usef ul provinéfjea"tﬁey 1:)po%sess‘ the pH and ot her properties required for cell
viabilityg. It will also be appreciated that the cells are useful as hosts

o R o e PP ey 2o LR Bick Sy DG TRES SPaldi B sHe & Tt

using established techniques to provide expandable subpopulations enriched for cells
of a given phenotype. Thus, there is further provided perivascular tissue extracted
cell populations that are enriched for multipotent mesenchymal progenitor cells,

25  osteoprogenitor cells, cell populations that are enriched for immuno-incompetent
progenitor cells, and cell populations that are enriched for multipotent and
osteoprogenitor cells that are immuno-incompetent. Further, the cells can be enriched
to select for only those that are positive for the pericyte marker 3GS5, using antibody
thereto, and to select only for thosc that are negative for either one or both of the

30  MHC class I and class [ markers. The cell population can also be enriched by

selection against other surface markers, such as by depletion of those bearing CD45 to

remove hematopoietic cells, for instance.
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genetically to receive and express genes that upon expression yield
products useful in the tissue repair process, such as the various growh
factors which, in the case of bone tissue, can usefully include PTH, the
BMPs, calcitonin, and the Iike. The cells can al so be devel oped as
transgeni cs for other purposes, such as by introduction of genes 5t hat
alter the cell phenotype, to nake it nore robust, or nore suitable to a

gi ven end- ds&revasisddd Rigated Tothe dREitnHonetY B markerg @Eeihraossitthe f ol | owi ng
exanpl es. 1?%{}%3@{5& REEEPEERLL B UfdnPAEHARDr Mharki e Jel Iy The UCs

were coll ec romfull-termcaesarian section infants | mmedi ately upon
delivery at frewsngeiddRCgovigraeeatveeills ssgelafipdpranglantmygigal vinckeassdda. The UC

was transf eped HVint BEqRHEAGOIHE hEh1BnSIa8Yd defis WPRE Blog&RE fbplidlgn REdi um (80%
a- VEM 20% aﬁti i’ot%cggl, and i medi at gtl% tran;portgc(i)gto og(?lﬁl abgr atories at

t he | nst §t utnereofed 3amBi fsnibeinicalisol@gebiolpuinedarzimn gl eep tgrogsmitvercti ty of
Toronto. Al %@Jﬁ%ﬁ,déég%ftﬁé @h% Héu%ie(}%ﬁve%ﬁeﬁ’é@fp% aRef iR TReaseRlibgal Ly in a

bi ol ogi cal ety cabinet. T was washed i'n Phosphate Buffered Saline
(PBS) (- My2the pragisity to inceres inisguaney fodlaping feeszingcBudbifreetie SC bl ood as
possible, andelk M5! e LS AAGk: btk BRoAEANAINGIo M MBI | ength of
approximately 6 cmof cord was cut vmtﬁ_ sterile scissors and placed onto a
sterile cor kelbpreprsationder thodesired miniedr &rvdll b appredsted haoudscdlsyankes ret ur ned

to the pgdi e%ifg)ljdg%a@g%@é&gﬁegand placed into an incubator at 37C. The 6

cm section of cor tw sted" against its helix, and pinned at both ends
to reveal a snooth and straight surface of the UC epithelium Using fine

25scl ! | - al-apg s length t
ovenr ohe el YERefiblor BREGANE P Cddlinfeeplile GRABNRI QDR b b T 7010 1O

t eased fronebtamingarerivagnlbadsuasinag as hereinldgsiribed ge aoMHC duklepel , and the

t eased away i: i it el . . I j down. This
procedur e rgg%%:h%%%h}cﬁgq ﬁg&%%ggﬁgsggé%%ge , xg%%%\lgmhta ﬁ%?ttgér%?(geje vessel s
enbedded5i n fieezing)amd thgn sulnaing hite ffozomedindThare80dngkelatstmtedtdnan helically

along its |ongituwdin X|S. I e . 1 nst.ant bat he the section
with 37C PB 91% 'OV AP %{r’]igtgérhdzjc%%%féjvr\@%ﬁosna%?&%&\?%g‘gg S\?lmglte{;utx'f orceps, it was
teased away fromthe W along its length until it was free of the bul k of

e ) R P Sl S PSR e, & oot o
direction tewadod dré Ssefil @ffher Dectlylor aAdwiny thiit gendi@t hoehvidehe vessel was
syroundgd WA Sepnor| TRLELY, 1AM Bl ne,cel o Rp A Kl The
cl anp, NDSquYhd SnrthinPntOfindSt MER ExJalsi6h @8 kQailishédigfhe pridk @€k ERgintibe
can proceed, for instance, in the presence of factors such as 11.-3 and Stem Cell
Factor, and similar agents known in the art. The cell population, and particularly the
osteoprogenitor cells therein, can be subjected to differentiation using conditions
25  established for the growth of bone tissue therefrom. Remarkably, a subpopulation of
osteoprogenitor cells that arise from the culturing of the progenitor cell population,
referred to as committed osteoprogenitors, have shown the ability to differentiate in
the absence of osteogenic supplements. Alternatively, the osteoprogenitor cells are
cultured in a medium supplemented with one or more agents that stimulate
30 osteogencsis, such as dexamethasone. In addition, the progenitor cells can also be
cultured with supplements suitable for stimulating differentiation into other
mesenchymally-derived connective tissues (Caplan, 1991), including cartilage,

muscle, tendon, adipose etc., all in accordance with standard practice in the art.
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5 passage of fluid either into or out of the vessel. The 'l oop' was

i mredi ately placed along with the scissors into a 50nl tube containing a
0.5ing/ m col | agenase solution with PBS (-M, -Ca2+), and placed into an
i ncubator at 37C. The remai ning two vessels were dissected in a simlar
fashi on, |ooped, and also placed in the collagenase solution in the

i ncubat or. Subsequent to the renoval of the vessels, strips of W,
10const i t ut Ang pretidalalteendtiag ta ingiraecultarng of celisinithe el naplaticsy Bavibbe t he

epi thelium %ﬂ)q%% Fﬂltﬁemeﬂs oth ﬂytﬁﬁl%ﬁ? edVt: Bﬂo&&ﬁd&&'tﬁ@ﬁﬁﬂﬁﬁﬁ of@l ution. The

remaining e ayer was I sposed in a biohazard waste
cont ai ner. JhEedtssne ﬁirf@tlmwhiwea@h%eﬁy\mlﬁ ﬁbutqw&er”éwﬁi farmagios@f @siedin of UC,

producing 1 ol F@Wﬁﬁmyogt@(ﬁ%em&, folrafa%%nemfpmem@é@wn@rﬁom ssue strips.

15 Initiati ton Progeni t or ltures After 18-24
hours, the Varwpbmevven@twr@ndw@éeswnd Hiseiders apagticylarly tiedlyding hoae freefugus pensi on

clamp or sup #H(%tc%gﬂo?%p%%gﬁtte@a i@y LBELd waoraae@}aapgmra@i@%m& then

diluted 2-5tT1ines'™w 4 Centri ug 1150rpm for 5 mnutes to
obtai n the cainkctivesistuensuchgs, 2Obngh Eited toat:artﬂh@e,lﬁ%tammwﬁe tTheimmpey-s. After

removal of }Eﬁlﬁﬁ%ﬁﬁr g%%@ﬂ)tr ceﬁs%@es%x‘?tl ih FheWBH ?oﬂu@zﬁféﬁ Qﬁﬂﬂﬂﬁtulaﬂy Shidktie ' mes

vol une of 4% m nut'es at room erature In ofder to lyse any
cont ami nat i ﬁg?streqnbctbgimdtheeillbssﬁnﬁﬂbﬁemmlgmgsmwth@mh be exneeted uged agai n

at 1150rgm £ |solatethe cell fraction as a pellet, and the
super nat gnt Oq{OW§r?ge%EIP “ﬁﬁani% er counting the cells with the use of 25

henocyt oneter, they were pI ated directly onto T-75 cnR tissue culture

pol yStyrenegdl SsP?rifrftmspartlt Y}fé%elﬁ cah@g %@[d%d% &Z{P %8%%{}%& hours in order

to allowth $hé po ys yrene ace e nmedi um was
t hen changedoreprising 4 mammiayczﬁﬂ Fhibeir delivietysto dhet taskueasiic batwed thauginsermng.

r epr oduced t he procedur r.i bed .30abo

col | agenaseHLB %18 aE?pdg (lcg (588@%%’ e el%ﬂ%/c(afﬂg(;{n{t 1? )}rlggétg(ﬂglﬁtrs 2mg/ mL
for six1bouescantivatell dogé will },le fnake rhﬁgdfmm $0° tThe @tls acgned“ t@lshich aver e
passaged usi 1% tryps sol.utio at.. whi ch_poi nt they

exhi bit ed 86q80§7“§’cﬂ*?f ﬂ%ﬁ"‘énl{ge C%erﬁﬁ@gf’@éﬂgﬁl Ve ‘gﬁﬁdsﬁf}‘é 3 C%%BWE) and there

was evi denC@orgfyosnéﬂn[\ﬁraadadrd@de Wﬁﬁgi‘cﬁgﬁfrﬁ efsl@biliﬁhbd fb)lﬁdeia&rylrmﬂeeﬂlmr}ﬁler phase
m croscopy and indicate t changes in optica ties. Upon
passage, cefM8odigrrsdheelly a{éﬁeﬁﬁlgﬁef&f ff’g@ﬂﬁt@iﬁ‘??’ﬂﬁl’é ‘68 y]';”t(’;‘?fﬂ'ene di shes
or 6 well plabssnht, d¥1OB £€ Jewnm;thm SHRP ke Rt rasdifld 8Merifl75% a- MEM
or D-MEM 15% PBS, 510% anti bi ot i cs) and treated with 10-8M Dex, 5mM 13- GP

and 50 pBY/ nithaaseeste localizedhe w5l asan ppiantaedopesicdiat sdictiye o t hese cel | s.
These pl at egWGFaR, 6}9§ﬁfrg\,f1@g1meﬁ%ﬂs{0 ?ecer?ae tHe iRPEnO Oharew) dfufRerfal arCFU- 0

otherwise referred to as ' bone nodul e" formation. In order to test the
chondr ogeni Suigghfseasiceryiersfion thisqwrness- | 18 2 pasticaisr ereqdimepsythe easmgris forgedy

of resorbable material such as calcium phosphate, PLGA or mixtures thereof.
Equivalent materials can be used, provided they allow for the cells 1o remain viable
25  during formation and delivery of the composition, and are otherwise physiologically

compatible at the implantation site.

Still other carriers suitable for delivery of the progenitor cells will include vehicles
such as PBS and gels including hyaluronic acid, gelatin and the like with equivalents

30  being useful provided they possess the pH and other properties required for cell
viability.

It will also be appreciated that the cells are useful as hosts for delivering gene

expression products to the desired tissue site. That is, the cells can be engineered
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10at 1150 rpmfor 5 mnutes in order to obtain the cells as a pellet. Once
t he supernatant was renoved, the cells were naintained in SM suppl enent ed
with IOng/mL transformng growh factor-beta (TGF-13) (and optionally with
| 0-7M dexanet hasone). The suppl enented nmedi um was repl aced every two days,
mai ntai ning the cultures for 3-5 weeks, at which point they were harvested
for histology (by fixation with 10% 15neutral formalin buffer (NFB)),
enbedded i nggatiadlyitnrecaut ardrpregpicnestbduiponsxpageion yeldmsadicrusefibinpr esence

O Dr D is MR, ARAOBY ARl RS REERENGRCO HkiaRRIbACT Y cans

(al ci an bl ue PR AR assess pogeni ¢ difflerentiation capacity
of the cell 8ssut, hmyusméﬂ!e iiiahictei PATH, yhedBMP s calditomp, Bngvbiellikpl Theestls ganSM (wi t h

DVEM, whi CQ%V\%% de[vepre%C gqragy%,\a%s %r g?lé[ipeuéﬂn% ﬁuéh %g dﬁt%ﬁb&%n %90811%9 nf l uence.

At that 20 poi ium I pogeni ¢ Fnduction
medi um (Al Mha(zB&%l@omEMenB%)PBcSma%pMol obish,or frippuialrie ot hgmet end- 5pM

PPAR- gamma, 100nM Bovi ne insulin, 1pM Dexanet hasone, 200pM | sobutyl

met hyl xant ht'ife and 10% ant i bi ot i cs) The AlM was replaced every 2 days for
10 days at which point the cells were fixed in 10% NFB and stained with Q|

ey T S MERbRRal AF uls iRlefiof A BB in FRIIRARL GRS, P Y T

order to as enlc capacity y were initially
cul tured in T-75 cnv tissue culture flasks in SM(with DDMEM until they

r eached % C ueng i 0l Bl he, um was replaced with
myogeni ¢ rre ﬁYﬁSE%mF%%I@nE%"’%ﬁ% har ¥y %?fge serum 50pM
hydr ocor t i soheUasevel03ilanéd bomtfulceim cél'd@malkﬂ\s’bms infeqeh ameetiiavlgmpon? days.

Af t 3-5 3 Kk th d | t
Cur face (solo REDALOMEHSAT Biobrr = GeBeiTFirTah RO EoCBBa H HE P mrNa,  and

assessed bYtrﬁﬁs?&RdﬁJ?rthéﬁﬁgeBﬁ afenseriefvesavanalniipagRih (3096 0Q4EM, ncl udi ng:
MyoG MWoDl Myosi n_ heavy chain, gogenl n and desmn. .  Anqther

usefiil app?%éﬂ@ﬁ“?‘@“‘ébtaa‘ii Hﬁ“ﬁ@d’%tﬂé t9BIPPY Lo PuA LR OE GRAt ARG Ingtite 8F ogeni t or

cel I culsur @%maﬁeﬁ@l@ﬂ&i@&eéﬂgﬂ&hﬂg Udeerfig! dravidag. prot ocol : 51. Cbtain
sterile unbilical cord (UC) from caesarian-section patient and transport to

bi ol ogi cal safety cabinet in nedia (80% a-MEM 20% anti biotics) 2.
Vash the UCy rb&d§lfe§&bﬁﬁhl§z&np&}p@a%el@oma ﬁyauwwr%l RBSafedy Cut the UC

into appr OXI -2 inch sections with ar air SCI SSOr's
4. \Wash eaclqalsleetttTbtnUSowafzb@dnmeQSehmBu@@mﬁ &B@et( $)e(rMﬁe,1§?§ ruch resi dual

three times to remove as much of the UC blood as possible, and transferred back into

20 a container with medium. A length of approximately 6 cm of cord was cut with
sterile scissors and placed onto a sterile cork dissection board. The remaining cord
(30-45 cm) was returned to the medium-filled container and placed into an incubator
at 37°C. The 6 em section of cord was ‘twisted’ against its helix, and pinned at both
ends to reveal a smooth and straight surface of the UC epithelium. Using fine

25  scissors, the UC was cut approximately 1-2 mm deep along its length to reveal the
W1J. Starting with each ‘flap’ of cut epithelium, the W] was teased from its inner
surface using the blunt edge of a scalpel, and the teased away epithelium
(approximately 0.5mm thick) was pinned down. This procedure resulted in the WJ
being exposed, and with its three vessels embedded in it running straight from end to

30  end rather than helically along its longitudinal axis. Care was taken to constantly
bathe the section with 37°C PBS. Isolating one of the ends of a vessel with forceps, it
was teased away from the W along its length until it was free of the bulk of the W}

matrix. Alternatively, the middle of the vessel could be dissected from the matrix,
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10unbilical cord blood (UCB) as possible. 5. Isolate one of the UC
sections on a dry sterile dish 6. Using two sets of forceps, grasp the
epi t hel i um approxi mately 2mm apart, and pull away from each other, tearing

t he epithelium 7. Grasping the epitheliumalong the | ength of the
UC secti on, conti nue to tear 15the epitheliumaway, exposing the W
underneath : mlarly tqQq step 6, continue tearing the epitheliumaway in
‘strips' unfl?ifl Wé‘B;SWWFrﬁaac“élt‘i?S 4 e maigx é‘;ﬁ""‘%‘é‘mcﬂﬁﬁ‘ W&’é’ddgsér‘i‘d% orn away. 9.

The unbi | i cahcdpeadlitiRortibdblc tbRar ¥ s\ inBbEwlith HGHmbRE Wmmand the
ends | oose on the cut edges of the |X section. 2010, By grasping a

remai ni ng péfibe 67-parEne BT umhsditsRctetheesach prapthen ghinpspat boghendshe end of a
vessel W t huith@itedr A@hirgichN@andS $&R uzﬁﬁd?;pbﬁ sut@x‘éh It(ﬁéieat(f: 5 afd ol knd With its

surroundi ng perivascular tissue 11. process is repeated with
each vessel Pasggeiof flyidjcitheriga oppy OF“ F*@éfeﬁﬁl tTH’é @Herévasyﬁnﬁ"@d%lmﬂ@qeﬁx 2512.

Once rel easg@ng a&s the\é&gs%@é mtosa haead doﬂﬁaﬁxlr%?acé BROmI Id1agta8PSIRioh2 are
repeated with each section of UC until all the vessels have been isolated

ina steril éfﬂéf’éspﬁéégn Haebl apdplRegd intp gn nwbaﬁor 3y 71 aldierigmeinion tWessel

i ndi vi dual | yesQdls ﬁex‘é'd%@éb{edﬁﬁﬁrsirﬁiﬁr ?déﬁlf)ﬁ-qgopcﬁ ha%d%ﬁg ia@éﬂ’in%éo’li%% t oget her
with a suture usin knot into a '|I 15 Once alT of the

vessel s hav&!piedn &%‘éﬂ”@éoi MUesqaE P £0 the ﬁ@nqvéb?fsfh%ﬂ’fés%ﬁl seesiof Weo a 0. 5ng/ i
col | agengsesRlitdiih@perivisclad ﬁ%{aé |c@u1§Q5@1ythlai%sec e'a difife @ﬂlih@ﬁmtahd/ e, and

according to the present invention, thé vessels can frozen, stored
cryogeni cal PipcesriatorSAan twhes péih ks colaganassisalution. vT@b*pqnﬂmylg@pltlnqhel lpyesi dent

progeni tor (KURBYES)osb e o iaPEESENE cdRERRTTH A ANAOY 3L Bt 0geni tor s

resident in the thawed and treated cord tissue can recovered using the
met hod commetitithegemeiningdf-4psm of UG prathieingivte 2utybes witiptieedodpat@ a rot at or

ina 37C, 5 dNeubat oipoverni ght. 517. The fol l owi ng day, the
col | agenaseI{llgr‘gsgalS rlll(fct ?S@at ea with 1n fetal bovine serum

15
Initiation of Wharton’s Jelly Progenitor Cell Cultures
After 18-24 hours, the ‘loops” were removed with the aid of their attached suspension
clamp or suture and a pipette, and the remaining suspensions were then diluted 2-5
times with PBS and centrifuged at 1150rpm for 5 minutes to obtain the cell fraction as

20 apellet at the bottom of the tube/s. After removal of the supematant, the cells were
resuspended in eight times volume of 4% NH4Cl for 5 minutes at room temperature in
order to lyse any contaminating red blood cells. The suspensions were then
centrifuged again at 1150rpi for § minutes to isolate the cell fraction as a pellet, and
the supernatant was removed. After counting the cells with the use of

25  hemocytometer, they were plated directly onto T-75 cm’ tissue culture polystyrene
dishes, and allowed to incubate at 37°C for 24-72 hours in order to allow the cells to

attach to the polystyrene surface. The medium was then changed every two days.

The results detailed below have been reproduced using the procedure described
30  above, but in which collagenase-based digestion proceeded either at 4mg/mL for 3

hours, 2mg/ml for six hours and at img/mL for 12 hours,

The attached cells were passaged using 0.1% trypsin solution after 7 days, at which

point they exhibited 80-90% confluency, as observed by light microscopy, and there
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(PBS), and the | oops renoved fromthe suspension. 18. The renai ning
suspension is diluted with PBS, centrifuged at 1150rpmfor 5 m nutes, and

t he supernatant renoved. 19. The pellet is then resuspended in 8 tines
vol ume of 4% NH4C1 for 5 mnutes 10at roomtenperature to |yse all

contam nating red blood cells, then centrifuged at 1150rpmfor 5 m nutes,
and the supernatant renoved. 20. The cells remaining in the pellet are

r esuspendedwisevideppd eiteineedizei dgreg8Morp B 2s-1vER|ed 1B4erPBSe 20%

anti biotics); i | : ry he cell
suspensi on %nécr%%ﬁaéﬁpg[@%tég?ﬁy %Qg&%ggg;g%eg?&%qgﬂﬁ%?g%go @%nt%r;% ge: flask, and
al l oned to pilleoMicfepiattdeiti@pin JAnetissge cafpss pol yseyrengplshpnerdrnvelf plates #the fl ask is
transferred, s 2T-75 £l ask.in.or 9. h: st L £ erent” (PA)
cells, 4x1d %QE%AH Seu?’p lfm 'zt%&e?lgéﬁgzi)%ﬁ n‘gt%{'i;l}ynlfi i Ptolpln%g\'ﬁgg 1rst PA flask

i s trans§ er 1@d ahthiatiospand Treatd® ¥ith fi DASKDdx0 S @MIBGPtand Ba @ tas@rbic k&dmi ni ng PA
cells. 24. The SMis replaced in.all three T-75 flasﬁs every Zyggys unti |
the cells rBdth TEqsPaEIq GaMEE o 1E% GRleKOEse BERHPRRONETHONHE S ar o

sub- cul t ur ed agPRssagest)for ORYOPRESERVAIEN ofs Wiek Fodd\BIfddfadbn CORD VESSELS
25The present invention allows for the retrieval of viable cells fromcord

ti ssue stored cryogenically, using the follow ng exenplified procedure:
Freezi ng | nf otistu@lestaR chov@galiScapasisy dfsiakatdld, A3 oUris viekednidhgwe, and the

ends were tied off i?)Owi th sutures forming | oops as descrjbed above. The
vessel s'ther @ ldp‘g&é‘él 9 AERyYiEs Wi?"‘%é F‘Vg”r‘%’b%c&ﬁ@s ‘{2“&‘5’& cledRef ROMPEPARNg 5 nls of
CryO- pr eser yad R vtk tedel £OAS hnfitdtdifeddh SROYphRIMhtedMNthNengRr UM (PBS) and 10%
di met hyl sul f oxi de (DWVBSQ). The prepared . ) 4
transforming growth factor-beta (TGF-3) (and optionally with 10'M dexamethasone).
The supplemented medium was replaced every two days, maintaining the cultures for
3-5 weeks, at which point they were harvested for histology (by fixation with 10%
15 neutral formalin buffer (NFB)), embedded in paraffin, cut into 6um section, and
stained for the presence of collagen 11 (antibody staining) and the presence of
glycosaminoglycans (alcian blue staining). To assess the adipogenic differentiation
capacity of the cells, they were initially cultured in 6-well plates in SM (with D-
MEM), which was replaced every 2 days, untii they reached 60% confluence. At that
20 point the medium was replaced with the adipogenic induction medium (AIM} (88%
D-MEM, 3% FBS, 33uM Biotin, 17uM Pantothenate, 5SpuM PPAR-gamma, 100nM
Bovine insulin, 1pM Dexamethasone, 200uM Isobutyl methylxanthine and 10%
antibiotics). The AIM was replaced every 2 days for 10 days at which point the cells
were fixed in 10% NFB and stained with Oil Red O which stains the lipid vacuoles of
25  adipocytes red. Finally, in order to assess the myogenic capacity of the cells, they
were initially cultured in T-75 cm? tissue culture flasks in SM (with D-MEM) until
they reached 80-90% confluence, at which point the medium was replaced with
myogenic medium (MM) (75% D-MEM, 10% FBS, 10% Horse serum, 50uM
hydrocortisone and 10% antibiotics). The MM was replaced every 2 days. After 3-5
30 weeks in culture, the cells were removed from the culture surface (see subculture
protocol), lysed in order to obtain their mRNA, and assessed by rtPCR for the
presence of several myogenic genes, including: MyoG, MyoD1, Myf5, Myosin heavy

chain, myogenin and desmin.
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tubes were then placed into a -70C freezer overnight, and were transferred
the following day to liquid nitrogen for |onger termstorage. Thaw ng 5A

t ube containing the prepared speci nen was renmoved fromliquid nitrogen
after 3 days in storage, and placed imediately into a 37C water bath. Once
fully thawed, approximately five mnutes, the specinen | oops were placed
into a coll agenase di gest nedium as descri be above and placed into a
rotisserie in a 37C incubator. After 18-24 hours of incubation, the

di gested vegsel s remaved, . and progenitor .cells . were 10.isol.ated using
t he proceduf go%%rsuw?ef?sﬁaéjgmg‘éb@e@t%l?% °B ‘fais%ugarélﬁs%eid%ﬁ% ROAPUPEBI ates and
cul turing i euiturchBh% beBSadapppl, enmnthe thlloedligprotatdo as descri bed above, viable
cells were identified by Trypan exclusion An inproved nethod, was al so
devel oped, as follows. The vessels with associated 15 Warton's jelly were
renoved §rom tlheOwemdteaitdinstiéidal core dJCNtream segmkmt sctidnquatient azd irizp@s, or

about 4cm lont, uysin he renoval techni gue d ri hed, above. The
renoved vessel s@éﬁ’é‘r’@%ﬁﬁ f%ﬁﬁﬁ%{’?@?iﬁn’%@@%%%‘@= ?@%é{‘&f‘?}w oi d crowdi ng)
vve[)e tlhen pl aczedwiaﬂaltﬂ;é)%dﬁ‘:ﬁﬁ)l st@ﬁl&fﬁ&%@ﬁgggeﬁ@ag?@gi ﬁi@’]ﬂsm a 50nL centrifuge
tube, |InL per vessel. In ace o e % FBS, djfferent serum containing

m xtures or 20" bé‘&ﬁ%%u‘egﬁgﬁ@r%’é‘afe}ysh%H‘°3§c°i‘8%‘é’%l? # PR BSCI8tRer) and 80%
DVEM or ot her 4iregliach &b 28010110 2£ & dterflelb 1@ PBDto rdii6vd d4ash eqantugi Ni Ng t he

vessel segnents in th Q' serum sol utjon were then cooled transitionally
by firstY] ncubat‘f‘ﬁtd}‘?ag@?g/glwﬁﬂ?gkaﬁiﬂﬁ’s%\blﬁri dge at 4C. The tubes were then

renoved, and tsheisyessat 6f heUe seétans bek d8ttdre &klyOpr eservati on cont ai ners,
known as cryotubes. One vessel segnent 25was added to each tube. To the

cryot ubes contai HiRgMOEs\0é £aears. dness thecrpubelum anproxingiely Rev aagntnds ol ut i on

(90% Serum  10% fIMER a3 FrofPQAYE dthBS e g epitHefimOf vessel, or enough to
fully subnmerge the vessel. The cryotubed vessel segnents were then pl aced

in a control | dd ¢upring thaepighelivp slone il el effbet Coeatpnqenptiaye totesguci ng and

hol di ngy4 he tenpgE alitheRurh Qwah WhosinfWe WkRIGRLIET . the tubes wvere
transferred to |iquid nitrogen storage (vapour phase), |abeled for

i dentificatiof;, Hmdamniorpteniheentane teagghe epjhchipawapime sipgkint! To t haw t he
vessel s, the cry, (B HEif - iquid nitrogen storage. The
vessel s were rerfﬁ%}ebgﬁ?aro thgp@?%ﬁtﬁﬁ%@@%n ng{rﬁg‘\%/\vgyd to thaw for 10 m nutes
in a 37C wat ePballe unittiical eessdy showvlgrpe tesrlyweicidlet thewngh tha Ve, end thdends 50nL

t ubes, and wash i i ng about InL of the PBS per vessel
segnent. The 5 ?lg%gézg)ngmge?%?\g%%ggthgggn%#?dg'i n the PBS were then allowed to

incubat 0 n t He. By pdgengd red@jnitgopartaritheepDMBOm Witleomneusftfootpscaal theBS i n
cach e vas & 16D FRYBLE Bl e P BRRLBH S BAEH IO ot 200t ore
are ready to serwgh assuossdinggerivhsculaabidsee {0Opr)0geni tor cells, including
Y P I GHRAL 28 SOr 00,58 AN OSEH LBG g bt o0
underlying W1 matrix. ‘
25 12. Once released, each vessel is placed into 37°C PBS.
13. Steps 5-12 are repeated with each section of UC until all the vessels have been
isolated in a sterile 37°C PBS-filled beaker.
14, Then, by placing each vessel individually on a clean, sterile surface, the ends
can be ligated together with a suture using a double knot into a ‘loop’
30 15. Once all of the vessels have been ligated into loops, the loops are placed into a
0.5mg/ml collagenase solution in a sterile 50m! tube, In the alternative, and
according to the present invention, the vessels can be frozen, stored

cryogenically and then restored, maintaining viability of the resident
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To confirmthat viable cells are recoverable fromthe tissue so preserved,
the vessel segnents were subjected to the digestion procedure noted above,
the cells released 15were plated as described with reference to Figure 22,
and the cells were counted in a ViCell-XR machi ne using trypan bl ue
exclusion. Followng this, cells determned to be viable were plated in
standard culture nedia as nentioned herein, and denonstrated their ability
to form col oni e@regmit@r(éﬁluqi’é@ﬂ esingibe givesan miethogcandthe viatdepkoBinit2® Thi s

met hod resul ted LgqGeldfe W{H{v%ar@rt?eaghggﬂq MR SRbe {e?f\tepa% u%ﬁl % Which are
removed fromthe standard di gestion pr ocedur e. £hods have been
attenpt ed, i ncl udéthef ¢ommesnsingpt B¢p the di ssected tissues in 2510% DVSO t hen

step frozen atg-igGofol L RYEHL Y 5 X REESRRUL ORI ELDAR,T esU Led [

very few viable cells, own I n panel LI'O? ASSAYS
Cell Protifer é?ﬂ&w fﬂé@ayg Q@Dthelcn@ﬁ&eme wseddlyatphwghgml fetadbberdue rfmoccur ri ng

every 6 days), %5;{ ? s Q44 gllnlt}% éﬁ%e%d‘gh.at ed into each well of 24
ay

6-wel |l tissue cu e po yrene p ates. s 1,2,3,4,5 and 6 days of
culture, four 1§fT}tehem6nmISﬂlSpp¢Satnes dihsedewiplaEBagedtridmdd ahid S6mhi ©r der e

counted. The ex i ese cells was plotted, and the nean
%ﬂﬁﬁ& |3k q%’éf??éﬂﬁa!t zﬁ{t‘ re%v&«?

doubling tinme for the ce ese cultures was calculated. Results are
shown in Fi gdPelledell¢tts thih tesyspentod 0B timet valimee afclib NiHaGl foi frnifiuses t he PVW -
cell culgure is | t,ur ro Duri ng
t he Iogl(?ohase aﬁp&g‘%mﬁﬁeg&%an&% g%gnt%rg%a %eﬂ%lo‘%@cﬁ%&hg |f|]§ %orrpar es
with literature arlébmxedorcﬁauinhiemgmﬂmqresspamﬁatatbmwum@@ 36 hours for bone

frarrow masencb.pnﬁ{ o%ﬁ% IIC a{n%%gg?r} %ﬁ% are 1oSl] etl,nlded glsgngrgexﬁgg me 3 2 days

for mesenchyma em ce riv Ffom ad pose t 2001) .
For observati on (B8%p-MEM, 588 FB%) 2004 dhtiBidticd,SMit MRquRA BSaghtedon sBX 105 cel s
were plated intq 4 T-75 flasks (n=4) and fed with SM whi ch was repl aced
every 2 days. AfFBIP°BOUEYS of culture the cells were subcul tured (see

subcul t iy e pr ot onflceRbgiyensionddthes Plafeki @ato -5 Hiftee-UisQirdFol fstitenPgask onet er .
Ali quot of 3x105 %§@b| s were 10seeded into 4 new T-75 flasks, cultured for 6

days, and the pr evetopmliieatiy was repeated. This process was repeated
from PO t hrough D% hefayd 1eQhferdAMMR @ the flask is transferred to a new T-75 flask

in order to harvest the post adherent™ (PA) cells,
23. After 2 days, the supernatant from the first PA flask is transferred to a new T-
20 75 flask in order to harvest any remaining PA cells.
24, The SM is replaced in all three T-75 flasks every 2 days until the cells reach

sub-confluence (1-2 weeks), at which point they are sub-cultured (passaged).

CRYOPRESERVATION OF WHOLE UMBILICAL CORD VESSELS
25  The present invention allows for the retrieval of viable cells from cord tissue stored

cryogenically, using the following exemplified procedure:

Freezing

Individual cord vessels were isolated as described above, and the ends were tied off
30 with sutures forming loops as described above. The vessels were placed into 15 mL

polypropylene tubes each containing 5 mLs of cryo-preservation media, consisting of

90% fetal bovine serum (FBS) and 10% dimethylsulfoxide (DMSO). The prepared
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Figure 18 illustrates the CPU-F frequency of HUCPVCs. The frequency of
1:300 is significantly higher than that observed for other nesenchymal
progeni tor sources 15includi ng neonatal BM (1:104) (Caplan, 1991), and
unbi l i cal cord bl ood-derived "unrestricted somatic stem cells” (USSCs)
(Kogler et al., 2004) which occur at a frequency of 1:2x108. Figure 19
illustrates the proliferation rate of HUCPVCs with successive passagi ng.
The i ni ti al BESWHTS g Plarwd gl 00h Hasaer aterpehi g peers Banssmrdilies at PI, whi ch
drops and nRiipkiRay tdis@ld nitbged GoOned tchih @i¥dg3- P8. The celI's begin to enter
20senescence thereafter and t%elr proliferation rate begins to drop
rapidly. Interestingly, when observed during the first 30 days of culture
(Figure 20)ThddskPVCs derive 2x 1 OH) cells within 30 days. As one
therapeutic dose (TD) is defined as 2x105 cells (Horwitz et al, 1999)

(Hor wi t 22 EM BPOeIebiinsy the prepansa sRECERETIRS reaey e mairuirbritregen allsed M et al .
Tr anspl ant alivk irf Y088 ad 9 ERR WMk Rl 86 S 70T W AQNBHIRIHLO Y eRd W d
25mesenchymal cells in children with osteogenesis inperfecta. Nat Med 1999;
5:309- 313. PProyiRepeirdive arnwess thy sperinry lapasHysie nlpceddyte agpliagsnasadigestand 1, 000
TDs Wi thin 2daidaus d@bkribddboVé Snd ioed VA tdtisdehig W £3 A incliti®orPRfEMSUI ar

ti ssue-derived progenitors conprise different 30sub-popul ati ons of

progeni t or karg aof inqppptifingthe disgstprbynsseht VR rengyed.and peoseniior sglscwre ed

"commi t {ed"sQ5{8 AREOHE BtIcBduré Bl RARBEAC LG @qng&l Au@liitutd Yatko fOrm bone
nodul es, as shown herein, in the absence of the tulturing supplenents

nor mal |y r eddiberinggniSnidlcEBS sipmlcaiented media; dsq asriesasibediabpye.cidbaring in the
presence of . flexABHEOASRNEy TGS xR tted osteoprogenitors thus
differentiate spontaneous?y to formbone nodules. Also within the

progeni tor popul ation are osteogenic cells that can be induced to form bone
nodul es, Wh&RidipthtddfGlndd) whlBPAATRBES Ohollble. TRAMLLALIARIOARe SUCh as
dexanet hasone, 13-gl ycer ophosphate and ascorbic a0|3. hus, the "total

ost eogehi c" Whatiorpaistly ateregamgyedfrosel thegomd agd sertioged intolsegheentaboatoin®i t t ed

ost eogeni c ! LEar' p | atl y 1.5t ost eogeni c
progenitor"§g%%8ﬁ§%%§ﬁ?“aﬁggT§%{g %ﬁ} gmﬁ%%gﬁﬁﬁuﬁ%ggﬁ%?qgg%lgﬂ%hat can be
i nduced t o mimblel wstd segmeatsrigut Hé0 smtreoy eni wbdlitd Heidcatwdingowerpat hway. The
actual ratig between «&0mi < and ! i tied” ul ation is

appr oxi mat el'y" ﬁlzaie, '%%E&(Q’E)C)M§ﬁém%(§%o Se(?%%dn@{]ﬁgmaostoéq“ coesfrgu egﬁti’ec

pr ogeni t or " iipbped @kdebningide bhthe YOWHA Y, tidliraps teengenmteinib@piogetd dror "

popul at 5(5) . g)lgnaast%gxy {)e L%SC&, suélna%l I)ﬁ% s?eruorIl (ll:ékeorbo%?eeﬂ gn%rSIalﬁnigM%M)BF (gt éres of the
media suitable for cell culturing. The tubes containing the vessel segments in the
DMSO/serum solution were then cooled transitionally by first incubating for 30
minutes in a fridge at 4°C. The tubes were then removed, and the vessels were
transferred to cryopreservation containers, known as cryotubes. One vessel segment
25  was added to each tube. To the cryotubes containing the vessels was added 1mL of
cryoprotectant solution (90% Serum, 10% DMSO as above) per 4cm section of

vessel, or enough to fully submerge the vessel.

The cryotubed vessel segments were then placed in a controlled rate freezer overnight
30 (about 6-12 hours), reducing and holding the temperature to about -70°C. Thereafter,
the tubes were transferred to liquid nitrogen storage (vapour phase), labeled for

identification, and maintained at -196°C, for about one week.

28



progenitors was performed as noted bel ow. Chondrogenic, adipogenic and
myogeni ¢ differentiation of the cells has al so been observed. Although

ost eogeni ¢ and occasi onal adi pogenic differentiation has been observed
spont aneously, the other phenotypes were only observed when cul tured
15under specific induction conditions for the respective phenotype. Seri al
dilution and CFU-F assays Dilutions of 1 x 105, 5 x 104, 2.5 x 104, 1
x 104, 5 x lofhawithgvesees, thagopidss wereaenewddiprbiie §awd Risraeen ste@ee cul tur e

pl ates (Fal ¢RN%s3p3046)erdd; Fieh By &@éftuﬁééﬂan%%lg@y@to%évhfé% met{lﬁesr}H”ber of

col onies, conprising >16 cells, weré counted in each on day 10 of
cul ture, an®3&6rvater %GM$IEWWM®@Pfeaaéf?évdtq%ﬂav@%e@d nunber of

cell's requi hadcl o &fo%%@@)ﬁﬁ@u&% V0t IMRSF ERIFRPLE Mk selgtgt.ned to be |
CFU-F/ 300 HUCPVCs plated.” Based on this frequency, the unit vol ume required

to provide Bbes TUCPER s¢ats ip ﬁletPrBSpwre thee allowsh te dncnbase inghe Bidgs 3t was
cal cul at ed, 44@@0 RndRe DRAIE W&louHmf{coqum%a&fmm\{ﬁ@n ARbRaSpgded into

i ndi vi dual wel'l's on 6-well plates. Again, colonies conprising >16 cells
(CFU- Fs) weke tehss meesdnethalga for ro additional § prirutesgn fedrgeecFU- F frequency with
i ncrenental seeding. CFU-0 Assay 30During the weekly passage procedure,
aliquots of test cell populations were directly plated on tissue-culture
pol yst yr eneFplipvtiogidis mspesrpg, thetessehseasrantsi ane regd VB FERIVEM SOMBROEBBbIES entCel |

Bat e 10 S1AEAGlor 100 ABLKRL B OpliaRl i 00080 8L Dlapghieeet | 110 C

(167 unlts/nﬂ gentam cin and Dex
(10-8M, (3- gxtsa@mropmmmaan@dﬁgmat@ndeqbniag@oiemrkbe@&rmm(1@@;@/ m) , at a cell
seeding density of 1 x 104 cells/cn2. Cultures were re-fed every two days
for a period of 12 days. The cultures were nmaintained until mneralized
nodul ar ar eds confamabitethbisccioare rerovuhids fromehetisbservedredsbaldsyel 3 days) at

hi ch 5Pl M sbBieGHkL HESHES el B LR SLAGHSEINecGRRhaLI NG ed um

at the | ast ure re- anov i vé and prepared
for anali§si sereMdldted 4szaiedaribsd orith aefenenaerto Sipope2?( Esisthe b@ls werd coutet) kh :& Co KG

Stuttgart, el RS USEE B RS R LSRR S MR

cul tures un ase CORTFR ﬁftach
5- 2000 scanben@bkhﬂwdm@mdnimﬂﬂaﬁ@phmahmaﬁaaﬁﬁﬁh@mahmm@,&m vol tage of 15 kV

}Ngzn? Isfe Id a};?égﬁ%}%&g‘ﬁ&hﬁ%& isaztet (% der@&?}ésra%%%roth@erat ra?sss g]\gne inOJane s 5\%?18 ogi cal Iy

20
This method resulted in cells which are bioequivalent to the celis which are removed

from the standard digestion procedure.

Other methods have been attempted, including immersion of the dissected tissues in
25  10% DMSO then step frozen at -70C followed by cryopreservation. These methods

resulted in very few viable cells, as shown in panel C of Figure 22.

PROGENITOR ASSAYS
Cell Proliferation Assay

30  During the weekly passage procedure (occurring every 6 days), aliguots of 3 x 10*
cells were plated into each well of 24 6-well tissue culture polystyrene plates. On
days 1,2,3,4,5 and 6 days of culture, four of the 6-well plates were passaged and the
cells were counted. The exponential expansion of these cells was plotted, and the

mean doubling time for the cells in these cultures was caleulated. Results are shown
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In order to test the chondrogenic capacity of these cells, 2x105 cells were
centrifuged 15at 1150 rpmfor 5 mnutes in order to obtain the cells as a
pellet. Once the supernatant was renoved, the cells were nmaintained in SM
suppl emented with I Ong/nl transform ng gromh factor-beta (TG--13) (and
optionally wth 10-7M dexanet hasone). The suppl enment ed nmedi um was repl aced
every two days, maintaining the cultures for 3-5 weeks, at which point they

wer e har vesindigrok6.hit silbberpjed thyt the seublipmtingg fos theddy WhHRILFHMIE if or mal i n
buf fer (N8}, %%Fsda%posk fheRic@lchining Giliod. N5 @iiBAA BEGhiseNhe AAMISE ai ned for

t he presence o (anti body "st ai_ni ng) presence of
gl ycosani no’gllnymm@%b:lﬁ éﬁh@ﬁfﬁleT@@ éﬁwarf@)w“héttﬁia%‘r%@%?ﬁfip?% M8 for mati on

Of ehondr 0cy} g5, UAURT AR BB RRSmaRRI i Mlindn assess the

adi pogeni c erentiation capacity of the cell ey were |n|t|aIIy
cul tureds i n!EShehil apusd delaysfosmeseriimabstErpls dipvehitoB adipessitiased every 2

days, until %H% all Q@(ﬁg%r 804-%an B%@l%ratx@ﬁ with @&cc&@iv@gastsﬁ%%;f/gwl gim was

repl aced WI e adi pogeni ¢ I nduct1 on nedi um 3% FBS,

33pM Bi ot i ncetlgmm detedim dTHSHsks (spandistrvigy hlqmﬁwlf:@&ﬂiﬁéerwnsul in,
1pM Dexanet n%ﬁegggﬁ&%logégw‘% Wl OB %@ﬁiﬁlr%s@é@b&@t&@ﬂ%ﬂo@élou cs). The

Al M was repla ever 10 days at which point the cells were
fixed in 10%W5Barah@u8teémtédhwwhf@¢mmmt%ﬁéﬁu%953ﬁ§ £l Wi d vacuol es

of ~adi pogyt ge%g&ﬁ to A ’FJ@ glaﬁgnédltﬁxrgﬁ%#d"@ays, 04 m@tp'r&@ss%ff c&q{ttﬂg% cs, not

only under in on condi tions, but I'n their absence, I.e

spont aneous kepedDrd)- Misysroenss @hwem&t@rfrm@?&%@agb Porex %W@éﬂdﬁilnieseapam ty of the
cells, they were initially cultured in T- 75 cnR tissue culture flasks in
SNl(mnth D-MEM until they reached 80-90% confl uence, at which point the
medi um was FigpteaiBatiustiatel g ehifcquedy aftiJORY Cs.75b6 foeqvendy of 0940PBS,  10%

Ho 50) | | aced
every > day Sy BEAP GE HCaRE BN, SR ARh bl SibdoniidPGul TO2 TEP
the cul tsr elﬁwdimo,@sze@m uboof) (Capnprost pead ymbiliya ecrdiblpodrdgered o obt ai n
thei r mRNA, and as 9W§1B chc@%gés)}\(g %lgr 3%?%%4 %hi&eoccgﬁét anyOgenl C

genes, inclu I'n"heavy charn, nyogeni n and
desm n. Res lﬂeﬁ\&nﬁpﬁlﬂ zmﬂ Fidvee P9 dlasnes tief profyfecyibestanfdly CR Vs with nduct i on
conditions. s&c%es%@l%as@ggle\lﬁg Sl‘hse initial doubling time of 60 hours at PO drops to 38 hours at
P1, which drops and maintains itself at 20 hours from P2-P8. The cells begin to enter
20 senescence thereafter and their proliferation rate begins to drop rapidly. Interestingly,
when observed during the first 30 days of culture (Figure 20), HUCPVCs derive
2x10' cells within 30 days. As one therapeutic dose (TD) is defined as 2x10° cells
(Horwitz et al, 1999) (Horwitz EM, Prockop DJ, Fitzpatrick LA, Koo WW, Gordon
PL, Neel M et al, Transplantability and therapeutic effects of bone marrow-derived
25  mesenchymal cells in children with osteogenesis imperfecta. Nat Med 1999; 5:309-
313.), HUCPVCs can derive 1 TD within 10 days of culture, and 1,000 TDs within 24

days of culture.

As show in Figure 15, the perivascular tissue-derived progenitors comprise different
30  sub-populations of progenitor cells. Within this population, there are the so-called
“committed” osteoprogenitor cells characterized by an ability to form bone nodules,
as shown herein, in the absence of the culturing supplements normally required to
induce such differentiation, such as culturing in the presence of dexamethasone.

These committed osteoprogenitors thus differentiate spontaneously to form bone
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Tetracycline Stain Tetracycline (9 pg/m) was added to the cultures prior
to termnation. At termnation, the cells were fixed in Kanovsky's fixative
overni ght and then viewed by UV-excited 20fl uorescence inaging for
tetracycline | abeling of the m neral conponent of the nodul ar areas.

Scanni ng El ectron M croscopy (SEM Representative sanples of CFU-O cultures
were prepared for SEM by first placing themin 70% 80% 90% and 95%

et hanol forﬂfﬁﬂh@uﬂisofvﬂtm@heﬁmlgymiwgq“@ﬁ aferpsteogy et hah&r Yeor 3 hours.
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speci mens, wehehdaemethtivon feglacrironbdsminteviad psodicasifhiThuedhe Got8l i n a Hit achi
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saturating aloonte mm@genmrdsffe(réntm@@l phthwetyi ©ing acofal tabie betwlebotbeng conj ugat ed
mouse 1 gGl HLA- A, B.C .RE an L4 3 t 4C. The
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flow Cyéﬁ ( BB‘é’ﬁﬁ‘gﬁLd%?&i“f (E?I) isa ut quu /;Enea Sis. of ﬁ]& b’oné: %_Ol‘nd{'[jlg }t}égoﬁﬁg 0ADCXL4

sof t war S|t|ve taining e em ssion
of a fl uoresﬁ@mmrm@nﬁﬁoﬂﬁmuasmmdaéeieﬁ | evel s obt ai ned by >909% of cells

fromthe co 0 tlon stai ned with t ntlbodles(FITC-
and| P, con o setenB et ShEm G GOTHbe S R AR

Bi osci encespbsehet. Elﬁﬁiﬁgﬁaﬂl@lgenic atid d>cea$¢nallﬁj,imenibidﬁfermdm:ﬁmebeem wer e
collected. 10 All ots ted in EXP Anal ysi s, software. In
addi ti on tOOWW%ﬁ&W@GO‘{ eﬁﬁ%%ﬁ/pﬁ PYPHORUF St Sﬁs%DgwﬁeESX@gEdessed f or

ot her maskenfder WhkHictihdicliol ¢odditings foe fidlréspectivapk@ibtypepr essi on

Serial dilution and CFU-F assays
Dilutions of 1 x 10°, 5 x 10%, 2.5 x 10°, 1 x 10%, 5 x 10%, 1 x 10°, HUCPVCs
were seeded onto 6-well tissue culture plates (Falcon# 353046) and fed every two
20 days with SM. The number of colonies, comprising >16 cells, were counted in each
well on day 10 of culture, and confirmed on day 14. CFU-F frequency, the average
number of cells required to produce one colony, was consequently determined to be 1
CFU-F/300 HUCPVCs plated. Based on this frequency, the unit volume required to
provide 300 HUCPVCs (done in triplicate from each of 3 cords) was calculated, and 8
25  incremental unit volumes of HUCPVCs were seeded into individual wells on 6-well
plates. Again, colonies comprising >16 cells (CFU-Fs) were counted on day 10 of

culture to assay CFU-F frequency with incremental seeding,

CFU-O Assay

30 During the weekly passage procedure, aliquots of test cell populations were directly
plated on tissue-culture polystyrene in bone forming medium containing 75% o-
MEM, 15% FBS (StemCell Batch #: S13E40), 10% antibiotic stock solution

containing penicillin G (167 units/ml), gentamicin (50ptg/ml) and amphotericin B
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{0.3pg/ml), and Dex (10°*M), B-glycerophosphate (SmM) and L-ascorbic acid
{50ug/ml), at a cell seeding density of 1 x 10* cells/em®. Cultures were re-fed every
two days for a period of 12 days. The cultures were maintained until mineralized
nodular areas, detected as bone nodules, were observed (usually 3 days) at which
point the cultures were re-fed with tetracycline containing medium at the last culture
re-feed, then fixed in Karnovsky’s fixative and prepared for analysis. A Leitz
Aristoplan microscope (Esselte Leitz GmbH & Co KG, Stuttgart, Germany) was used
to visualize the tetracycline labelled cultures under phase contrast as well as UV
fluorescence and a Hitachi S-2000 scanning electron microscope at an accelerating
voltage of 15 kV was used to generate images to demonstrate the presence of

morphologically identifiable bone matrix.

CFU-C Assay

In order to test the chondrogenic capacity of these cells, 2x10° cells were centrifuged
at 1150 rpm for § minutes in order to obtain the cells as a pellet. Once the supernatant
was removed, the cells were maintained in SM supplemented with 10ng/ml
transforming growth factor-beta (TGF-$) (and optionally with 10"M dexamethasone).
The supplemented medium was replaced every two days, maintaining the cultures for
3-5 weeks, at which point they were harvested for histology (by fixation with 10%
neutral formalin buffer (NFB)), embedded in paraffin, cut into 6pum section, and
stained for the presence of collagen II (antibody staining) and the presence of
glycosaminoglycans (alcian blue staining). Staining confirmed the formation of

chondrocytes under induction conditions.

CFU-A Assay

To assess the adipogenic differentiation capacity of the cells, they were initially
cultured in 6-well plates in SM {with D-MEM), which was replaced every 2 days,
until they reached 60% confluence. At that point the medium was replaced with the
adipogenic induction medium (AIM) (88% D-MEM, 3% FBS, 33uM Biotin, 17uM
Pantothenate, SpM PPAR-gamma, 100nM Bovine insulin, 1uM Dexamethasone,
200uM Isobutyl methylxanthine and 10% antibiotics). The AIM was replaced every 2
days for 10 days at which point the cells were fixed in 10% NFB and stained with Oil

Red O which stains the lipid vacuoles of adipocytes red. Staining confirmed the
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SSEA-4 Cct-4 HLA-G CD34 (CD235a (dycophorin A) CD45 15 RESULTS Li ght
m cr ogr aphs of bone nodul e Colonies Figures 3, 4 and 5 illustrate CFU-O s
that were present in the cultures on day 3 and day 5. They denonstrated the
confluent |ayer of "fibroblast-like" cells surrounding a nodul ar area

represented by an 'aggregation' of polygonal cells that were producing 20
the bone-matri x. These CFU-O s were observed in both the Dex (+) and Dex

(-) cul tur efymaied ofladipdcaicedos puty kader irslugtino| conditioebut sisedetisirve passages.

absence, i.e., spontaneously

CFU-M Assay

5 Inorder to assess the myogenic capacity of the cclls, they were initinlly cultured in T-
75 em’ tissue culture fusks in SM (with D-MEM) until they reached 80-90%
confluence, at which point the medium was replaced with myogenic medium (MM)
(75% D-MEM, 10% FBS, 10% Horse serum, 50uM hydrocortisone and 10%
antibiotics). The MM was replaced every 2 days. After 3-5 weeks in culture, the cells

10 were removed from the culture surface (see subculture protocol), lysed in order to

obtain their mRNA, and assessed by rtPCR for the presence of several myogenic
genes, including: MyoG, MyoD1, Myf5, Myosin heavy chain, myogenin and desmin.

Results confirmed the presence of myocytes under these induction conditions.

15
DATA ANALYSIS
Tetracycline Stain
Tetracycline (9 pg/ml) was added to the cuitures prior to termination. At termination,
the cells were fixed in Karnovsky’s fixative overnight and then viewed by UV-excited
20 fluorescence imaging for tetracycline labeling of the mineral component of the
nodular areas.
Scanning Electron Microscopy (SEM)
Representative samples of CFU-O cultures were prepared for SEM by first placing
them in 70%, 80%, 90% and 95% ethanol for 1 hour, followed by immersion in 100%
25 ethanot for 3 hours. They were then critical point dried. A layer of gold approximately
3 nm layer was sputter coated with a Polaron SC515 SEM Coating System onto the
specimens, which were then examined at various magnifications in a Hitachi 8-2000
scanning electron microscope at an accelerating voltage of 15 kV. The images
generated are used to demonstrate the presence of morphologically identifiable bone
30 matrix.
Flow cytometry for HLA-typing
Test cell populations of >1 x 10° cells were washed in PBS containing 2% FBS
(StemCell Batch #: S13E40) and re-suspended in PBS + 2% FBS with saturating
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Tetracycline Labeling of CFU-0 Cultures Tetracycline |abeling of cultures
was used for |abeling newly fornmed cal ci um phosphate associated with the
bi ol ogi cal m neral phase of bone. The tetracycline 5labeling of the
cultures coincide with the m neralized nodul ar areas, which is visualized
by exposing the cultures to UV light. Figures 6 and 7 depict tetracycline
| abel ed CFU-0 cultures of Day 3 and Day 5 cultures of progenitor cells.
These i magesengetratigfs eyl 89 didutiyp) efvhesodlpwing cohjugatebmerse ézG NHHARY,B,Gnd
phot ogr aphef: I 8 s _were observed
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15 Fl ow tytGQ@tW,W&HHLFA»)vypgﬁgERhMBCKM@Wm(chkmm}@nuﬁtdrylIhngm@zel | -surface

antigens re i P e VHCs)
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illustrat esOhM@MbW%@@w’éi frgm tigswohtrel fopulpedrataionl with 26k inegat | ve
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in PBS nt ded nPBS+2%PBSwith

sat ur at |%r)1 ﬁl!%&o@%«%‘é F%?%@%Efﬁg)%fﬁutl ﬁ Y35f°° Pf%ref ol | owi ng conj ugat ed
nouse IgGI HLA- A B, G PE (BD B| osci ences #555553 , Lot MD76246) (MHC I),

HLA- DR, DP, Lot M)7484 C.11) d
CD45- Cy- Cyc ro!rir%g &ggbglogpgﬁgl (#jﬁéggqi%%’malﬁgwﬁ%'b‘bﬁ%ﬁ%%ﬁw PerBO %nnut es

at 4C. The I@&ikbrSS\MﬁlpﬁlB§(bltmIW1m$SMﬁSh6d twice with PBS 30 + 2% PBS and
re-suspended in PBS + 2% PBS for analysis on a flow cytoneter (XL,

Beckman- Coul t RizaeM am—FL USTTG 14160n DCXI A software
( Becknman- Coul fERErBosTtTve—gtarm efined as the em ssion of a
fl uorescence %o%tgﬁs) hat—excegeded vel-s—ept ai ned by >99% of cells fromthe
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15  RESULTS
Light micrographs of bone nodule Colonies
Figures 3, 4 and § illustrate CFU-O’s that were present in the cultures on day 3 and
day 5. They demonstrated the confluent layer of “fibroblast-like” cells surrounding a

nodular area represented by an ‘aggregation’ of polygonal cells that were producing
20 the bone-matrix. These CFU-O’s were observed in both the Dex (+) and Dex -)

cultures, and displayed similar morphology over successive passages.
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Sub-culture & cell seeding 5The attached cells were sub-cul tured (passaged)
using 0.1%trypsin solution after 7 days, at which point they exhibited
80-90% confl uency as observed by |ight mcroscopy. Upon passage, the cells
wer e observed by flow cytonetry for expression of MHC A B, C, VHC- DR, DP, DQ
and CD45. They were then plated in T-75 tissue culture polystyrene flasks
at 4x103 cells/cn2 in SM and treated with 10-8M Dex, 10 5mM 13-GP and 50
pg/ mL ascorbic acid to test the osteogenic capacity of these cells. These

flasks wer eTabﬁgaanhdgym@-@Cuﬁur@ and 6 of culture for CFU-0 or bone
nodul e, forpatio Any re5| dual cells %romthe passagi ng procedure al so

were cryopr c€Ef ige fa5Fling i fgplgreiowas uegd fop e umensvivolerBed GEIYR 15A1 i quot s of

1x106 PVT C[&!’lds;&ha‘ﬂﬁ{sﬁ)c&'f@@ﬁﬂﬂﬂe b:Bldg[UaI hkal phaed 8BRnE 0TS t%frécgax&f 90% FBS,
10% di e hylgéul phoxi de ( 50, Lot# | 1K232 and pipetted

into I m> polYPrgsdt ﬁ@lnwwlﬂﬁdgwgthtg%@iw fﬁgﬂw&ﬁr@q%éf&wﬁmo a -70C

freezer oveﬁmaglaéd,byadstgodiﬁg&némﬁ]f@doUhﬂaéholﬂngmmmdﬁydép%t@etméﬁcﬂ&:freezer for
| ong-term st or cryo-preservation, the PVT cells were

{haed: and BOIGHCRYCLHTI T B SSREREY § SRS LRIABHLT SHlsoM PR A B, C
MHC- DR, DP, DagadWlerdieratdl 15,66 ORAciRIIGT0RS¢en¥Bitnagm@larkdph¥b@pndahe PVT cell's

wer e thavved after one week of cryopreservation, recul'tured for one week,
sub-cul tured then reanalyzed by flow cytometry for expression of MHC A B, C,

MHC- DR, P, DQanahi Kif¥ron MRIBRopesSUl ts are presented in Figure 17. It wll

be noted that the frequency of MHC-/- within the fresh cell population is
mai nt ai ned T Slildi? s wschscrirdsndyesEM fndompatian pf miseralizedroallnges reairiaf t er

passagi ng, @hich 488G shOks 9@%&4\@@&1 SNKe EhEID’ gm%@inﬁlayst Rabyaad énor MHC
phenotype, this analyzed po Eu ation dla&ays a remarkably enha
1

frequency oforpgfjonghrghgh tedhagenesty minepthigetomgips in the mature BFUO. oFlgtl!hfé 8J\/HC / -
30phenot ypeg qan; usetil wrepﬁse%pgaam geﬁ&mrﬁm@g&gh@&ﬁtﬁ&ﬁj -deVT cells by

freezin Still further enrichnent Ts realize pon passaging the cultures
of the gfrew ously frozen cells. In particular, and as seen in Figure 17,

first passla?,? thjoytﬁﬁz){ﬂ-? ﬁ?ﬁ\vgﬂ ell's increases the relative popul ation of

WHC -/ - rea Yo and subsequent freezing and passagi ng of
t hose cel | sThg ﬂaiszytanetm—l@eaﬁﬁ)mm@pm-lswfdcclantdgengrepaes@mng hath M8G8% 85% 90% and

95% The fr Oﬁg%c?rﬂgatﬁ;ﬁu%Eo%efexese(l\ﬁié 8 (r)]ré{?rps rI t%d gyﬁ%’ upsog;ﬂu{yggc?f hurman

t her apy, given nogenl Adher ent
HUCPV cel | #olaed caly as HC 1 elighrof3 mnﬁgieamtmedﬂcs;v ﬁ)&@rﬁmej eghif horE ibe to

peri vasgcul ue ¢ enh ced n t he j e In order to
har vest ﬁ‘f hgﬁm W%‘b‘ﬁ%ﬂe E“egurf I5A§11 et‘l“’é’ Cté‘lf ?rﬁﬂé&’/@gng P%E’eﬁ?ﬁ‘é‘?‘ﬁét ant of
the initial ﬁbWH@eﬂ&dllsi'ibKﬁEé\brhﬁnM@ﬁ{hpwEﬁoﬁ. eftleaffedt oFeere-thawing was

studied as follows:

Test cell populations of >1 x 10° cells were washed in PBS containing 2% FBS and
25  re-suspended in PBS + 2% FBS with saturating concentrations (1:100 dilution) of the
following conjugated mouse IgGl HLA-A,B,C-PE (BD Biosciences #555553 , Lot
M076246) (MHC 1), HLA-DR,DP.DQ-FITC (BD Biosciences #555558 , Lot
M074842) (MHC II) and CD45-Cy-Cychrome (BD Biosciences # 555484, Lot
0000035746) for 30 minutes at 4°C. The cell suspension was washed twice with PBS
30+ 2% FBS and re-suspended in PBS + 2% FBS for analysis on a flow ¢ytometer (XL,
Beckman-Coulter, Miami, FL) using the ExpoADCXLA software (Beckman-Coulter).
Positive staining was defined as the emission of a fluorescence signal that exceeded
levels obtained by >99% of cells from the control population stained with matched

isotype antibodies (FITC-, PE-, and Cy-cychrome-conjugated mouse 1gGl,x
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10a new T-75 flask, and incubated at 37C, 5% CO2 for 2 days. The initially
seeded HUCPV fl ask was then fed with fresh SM After 2 days this
supernatant was again transferred to a new T-75 flask, and the attached
cells fed with fresh SM Finally, the supernatant of the third seeded fl ask
was aspirated, and this flask fed wwth fresh SM (Consequently, for each

cord, 3 flasks are generated: the initially seeded flask, the 15first PA
fracti on an@onasongletseiype mandardse BLbRioscienger) athichowpsdeanfirmed by Ipapisiee er i sti cs

of these cefieliRe SERMMMIMALEHeL Fot %hlsm,swaak exst%@%@@ﬁstql%de%verﬁpnf' rning
t hat higher cell yields are obtained i SO ing these PA fractions.
Sinmilar to Yere cplictedapll y1®éweaer¢§XPﬂ@séD6M@m813§o%@ve arapid
proliferation rate, spontaneously produce bone nodules in culture, and can
be induced ggp-giiffreceadis@éding Nt o the other three 20lineages: cartilage, fat
and nuscl e. Ti ssue Engi neering Conpositions conprising the progenitor cells

I n this %xahip @taclnddeceﬁewese mbs:ubmﬁﬁ)l(we@gvd)tmma GHYrtiypeinisplutibme aftcrr?n of
seed t he
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tube, and”thvpeal et dypasRbr BhoL D RISARDSI S nelBl NG B 1 LLed Pl PetLe

tip (wth a suction’ dianeter’ ensi on or cel'’s Was® sucti oned
and washed ¢tﬂmmjg:ﬂy<tthenesﬁ@akﬁ al axsﬂémﬁsu:m?t imTBNl, layd picpied Mxrlngl{ugp/ldmt down. The

scaf f ol t hi S, nsjon for 4 37C,
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hours, the Soaé ﬂmmmweb&emmmeﬁysf n,onmt, beanaws@femﬂumwﬁrmd} Olacede i nt o

i ndi vi dual | ] s of non:tissue cul e treated 24-wel |l fed with
i of S alfgtlendimalion dins Teihab e Fan b Tuaypete; HecdMnnarFop! aced
every 2 dayayoprbense #rffahbsusere  then fixed in Kanovsky's fixative and
prepared for SEM anal ysis (see above). Mer 14 days of culture, the HUCPVCs

conpletely gove resdrvtﬂhen af“fol d. As noted, the PVT progenitor cell
popul ati on PLfsELyagen 8 fﬁ dited to give rise to 5nesenehynal cells and

ti ssues; ot hghiqlonasy tmepvbvceﬁywewfn@ltgarémglefm%wlvaiu%scoﬁaarn%p&ff9’% for such
differentiati on To generate adi i nst ance he progenitors are

prepar ed atFBS.c e edimet] énipb%l(if()@ Q) s{Ségme Ihe659, dwosdl TilK238)mand i ssue
(OVEM tem o P 0. 5 DERACETRY QRTRREE rRe i SePoba MM 100
Um freezer overnight, and transfcrred the following day to a -150°C freezer for long-term
storage. After one week of cryo-preservation, the PVT cells were thawed and
20 observed by flow cytometry for expression of MHC-A B,C, MHC-DR,DP,DQ, and
CD45. A second protocol was used in which the PVT cells were thawed after one
week of cryopreservation, recultured for one week, sub-cultured then reanalyzed by

flow cytometry for expression of MHC-A,B,C, MHC-DR,DP,DQ, and CD4S5.

25  The results are presented in Figure 17. It will be noted that the frequency of MHC-/-
within the fresh cell population is maintained through several passages. When fresh
cells are frozen after passaging, at -150°C for one week and then immediately
analyzed for MHC phenotype, this analyzed population displays a remarkably
enhanced frequency of cells of the MHC -/- phenotype. Thus, cells of the MHC -/-

30 phenotype can usefully be enriched from a population of PVT cells by freezing. Still
further enrichment is realized upon passaging the cultures of the previously frozen

cells. In particular, and as seen in Figure 17, first passage of cryopreserved cells
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10penicillin, 100 pg/tnl streptonycin, 0.25 pg/m anphoteriein B) for 3
days. After 3 days, the PMis renoved, and the cells are fed with

Adi pogeni ¢ medium (DMVEM Hamis F-1 O nutrient broth, 1:1, v/v; HEPES buffer
(15 mM); Fetal Bovine Serum (3% ; Biotin (33 P-M, Pantothenate (17 PM,
human insulin (100 nM, dexanmethasone (0.5 P-M, PPARY agonist (1 P-M and
antibiotics), and cultured for 3 15days. After the 3 day induction, the

Adi pogeni ¢ inedisasmhic selatorpepdaticarnd MG /e otlisue esatar Gam#i“heed yibseauentAdi pocyt e
Medi um (AM . (DVEM Ham s . F- 1.0 koo YU i 39 I um 1 p. M
dexamet has oﬁﬁée,m%@ﬁyﬁﬁﬁnr‘%aorﬁ t}llol%é éﬁnljsr}f1 eY(%%‘ ‘éﬂi% %?@L{Iﬁ@’f ! %I%Rk/{ef\gl-%pant ot henat e,
15 mV HEPES$0%4,33%4,)00% apé A5%iThe ifnzenliD0T péllyortseste potendipd) e very ueefidsn ng/ nil
anphotericin B),.with regular feeding. 3 days, ensuring to only 20
remove hal f ¥ tp%%ﬁyﬂﬁﬂve’?glﬁllrgﬂ?é |%%ﬁ¥ﬁ£%rﬁ' equal vol une of AM since

adi pocytes wll float if all the nmedia is renoved. After four feedings (12
days), cell E agﬁegé Eﬁgﬂ{g nq i lr\lkél b d.droplets. Positive identification of
differentia pocytes can be confirmed by

st ai ni ng wi Tie @kld oRedgénhimrdeddvired Rech thSperiviasoulay {issuh omndreceiinesd wehe be

gener at ed usyng, cell., Suspensi Qs BUGRATEN a2 SAAGARLEALI on of 104

cells/cn a mmtissue ¢ ure pr onot e

chondr ogeni HUCEMCS, the eupettlatant @dhaninttiat yseed el HCRNhanviesthwas replgdébeni® ng gr owt h
factor-133. The I ellets Vv til red matr Xzl nor phol ogy
and hi s% I o%f‘%“éi?fcf? 'Laﬁ]g\ﬁngﬁ’cﬁag‘%eagégﬁ:’g%c%%%’f ?/%:ég)ﬁ ﬁ%ﬁ&%%?‘%ggl ular matrix
during cul t HUEPVTDask ene thah dednyitdbiradtsd]. 468412 dys hermpongamivas pgapar ed at a
concentration of 104 30 l.s/cn?,and. pl ated, i.n 3 td ure

di shes. Th e‘@@&l@éé? %H%fﬁg’lﬁfaﬁ’é&%‘ %‘eﬁz&%@eé&%“s @d‘f%m%r?p@?%&l%gh% h 15%
fetal bovi ngupseitam ¢fRRShird ededdd ik kvat aspidaicd sind pirioflaskdeditio fresiiVum  MPM) .
At 1 week, e serum level in basal Tum (VeM) i repped to 2%
(myobl ast dk&%?"é’ﬁ’f‘Waf‘Ir(?ﬁCW&I’éﬁ%sw ge&ﬁrgF htﬁe E)Igjtllatuﬁrsg’sd%%ﬁ%&f glr%m nat ed

af lt er 7i Sia)é Sirst PAGraGtib:t a}i{d&ﬁehs%@driﬁk frediod) Simiks teideskl chiataltedgios opri at e
culture nmedium 5It w t hus be appreci ated that t.he. present inyention
provi des cr%éf‘e?ﬁl}éa‘lels?e“ﬁ’é@é’ieggﬂthﬁHEI“I?IyéﬁTdegS?IE' ‘fqnggﬂlé‘gttﬁiﬁlgggrfe e a useful
source of ViARkGrdUHIRREdyQaRMInL HesG BA factiad] BBniPE ap@e idiesiyusakal in the
production Of various connective tissues. including bone, and grogenitor

cel I's that HUCHVfrthess it eshsdpent raaidaroidestion gie, Tﬂ%ﬁﬁg‘iﬂ”élﬁtpécfdi” fi into human
patients tob&ire%% ROMNEGLIVEdldas BUBI6QAU LirRASHAD Glts/ e RBcP@R@ di seases and
10di sorders. The ﬁuman progenitor cells are generated fromextracts of a
parti culR8r HoergenkatilagarfaimmBimriselal cord Wharton's jelly, terned the
perivascul ar zone, extending proximally fromthe external wall of the cord
vessels. The cell population extracted fromthis zone displays renmarkable
properties, Tissed BuimgrinmGoupesitiins femprisingrthe plegeniiescdlls cel | nor phol ogy, as
f

pOiiTpgrin@ag tginpthe pie
w t nessed b he for i of . ANj . OC Ied 7 in all
Sorampilote Shsis ERPn AT GR@aEb it tlorealaeay Tt

subcul tured
commonly in the bone engineering field. In order to seed the CAP/PLGA scaffolds,

25  they were cut into Smm by 5mm cylinders, Then, a 2004l suspension of 2x10°
HUCPVCs was placed into a sterile 1.5ml eppendorf tube, and the scaffold placed
into the suspension. Using a modified pipette tip {with a suction diameter of Smm),
the suspension of cells was suctioned and washed through the scaffold several times
by pipetting up and down. The scaffolds were then incubated in this suspension for 4

30  hours at 37°C, 5%C0Os, to allow for attachment of the cells to the scaffold. After the 4
hours, the scaffolds were removed from the suspensions and placed into individual
wells of a non-tissue culture treated 24-well plate, fed with 1ml of SM and incubated

at 37°C, 5%CO; for 14 days, the SM being replaced every 2 days. The scaffolds were
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bone nodule formation without the addition of osteogenic supplenents to the
culture nedium as well as relatively high frequency of MHC doubl e negati ve
cells, the frequency of which is increased upon culturing of cells that
have been frozen. When used herein, the term"about” refers to a val ue that
is +/- 10%of the value 20qualified by this term Thus, a tenperature of
"about -70C' can refer to a tenperature that is within the range from 63C
to 77C. Thethkolikelhinkgmetlor efictise andprepeat fpobVedalies Genativye) dffter ence:

Ref erences (i i 0,35, ; Cel | Bi ochem Suppl,
v. 30-31, p.g %ggg%éﬁﬁcﬁciﬁggmnﬁﬁ%gﬁﬁﬁ?&gé g&@%‘f on, 2000, OGsteogenic
potential of vascular pericytes, in JE Davies (ed), Bone Engi neering:
Toronto, EM I - . . hymal stem
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Ar chi t ect ur meghcljmid tdbdedtissnes oo diastbend éy chitirzg voddyichadidnscor d ti ssues,
W th specia . . erl ] X r ig _Institution of
Washi ngt on, chggﬁ{n?ilg eﬂéflﬁxghgaffege%gﬁ%oﬁ;yg:o%géag N Xlggé,}%s’. fo%‘g@%%cﬁm Conget, P, J J
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mesenchynmal ., i eld s d.Cell. Physi V. 6,05 £3.
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L Wiss, B Mt chel | rii D Davyi rales, .B Hel w M
Beer enst r au %amﬁ&mgal%gg%, }%ﬁ“ﬁ” a$°é’ﬁ\€£‘S"BV’%‘P%A@¥$'!"I°§6%@dﬁamf?@<f°éé| s from
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Parry, EW 1970, .Sone, el ectron nicroscope o vations on the nesenchynal
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505-518. fetal calf serum, 1 pM dexamethasone, 100 nM human insulin, 33 M D-biotin, 17

uM Na-pantothenate, 15 mM HEPES, 100 U/ml penicillin, 100 jg/ml streptomycin,

0.25 pg/ml amphotericin B), with regular feeding every 3 days, ensuring to only

20 remove half the medium, replenishing with an equal volume of AM since adipocytes
will float if all the media is removed. After four feedings (12 days), cells appear
rounded with lipid droplets. Positive identification of differentiated mesenchymal

cells into adipocytes can be confirmed by staining with Oil Red O and Nile Red.

Similarly, chondrocytes may be generated using cell suspensions prepared at a

25 concentration of 10 cells/em® and plated in 35 mm tissue culture dishes. To promote
chondrogenic cells are cultured without serum and with transforming growth factor-
B3. The cell pellets develop a multilayered matrix-rich morphology and histologically

show an increased proteoglycan-rich extracellular matrix during culture.

To generate myoblasts, cell suspensions are prepared at a concentration of 10*
30 cells/om? and plated in 35 mm tissue culture dishes. The cells are maintained in
MCDB 120 medium completed with 15% fetal bovine serum (FBS) for 1 week

(myoblast proliferation medium, MPM). At 1 week, the serum level in the basal
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het er ogeneous: J.Cell Biochem, v. 81, p. 312-319. Takechi, K, Y Kuwabara, M
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Hi st ol ogy: Cel tissue biology, w York, Elseiver Bionedical, p.
997-998.  Wbwiteomd BrygetbE6e!liliatrogimampuricancompatest and ddpablpr frpnsglantation 1996) .
Ocford, UK, %a?{pflﬁé%ﬂé t\é(?feﬁf ¥ %?:Ei@ft?ssucp?onaﬂi%hgﬂ@ludﬁé bolEdildadtsihd |- A
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conpri sitg thedes.ePhe mfman progenitor ctlls gbperieritalram peigstsiof apryicylanioad cord
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in cell morphology, as witnessed by the formation of cell colonies occurring before

15 day 7 in all subcultured flasks (approximately 7-10 doublings) and the appcearance of
bone nodule formation without the addition of osteogenic supplements to the culture
medium, as well as relatively high frequency of MHC double negative cells, the

frequency of which is increased upon culturing of cells that have been frozen.

When used herein, the term “about” refers to a value that is +/- 10% of the value
20  qualified by this term. Thus, a temperature of “about -70C” can refer to a temperature

that is within the range from 63C to 77C.
The following references are incorporated herein by reference:
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conbination is refrigerated as a liquid for a period and at a tenperature
permtting the cryopreservant to penetrate the tissue, d) freezing the
cool ed combi nation, to provide frozen tissue, and optionally then 15e)
storing the frozen tissue under cryogenic conditions; 2)thawi ng the frozen
cord tissue; 3)treating the thawed cord tissue to displace the
cyropreservant with water; and 4)recovering viable cells fromthe cord
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5is fetal bovine serum 5. The nmethod according to claiml or claim 2,
wherein the cryopreserving solution conprises, by volune, from 5-25% DVSO,
and from 75-95% fetal bovine serum 10 6. The nmethod according to claimb5,
wherein the cryopreserving solution is 10% DVSO, and 90% fetal bovine
serum 7. The nethod according to any one of clainms 1-6, wherein the
unbilical 15cord tissue is unbilical cord vessel, or segnent thereof,
beari ng perWMikaclcAdMr Wharton's jelly conprising progenitor cells. 8. The
nmet hod according to

claim7, wherein the unbilical.cqrd tissue is human
bl 1§ cal cbr d oh eea Bgr e e Ua ategrer g SR 4R or o1 ai m 8,
wher ei n t hecdmiising@iad stp@ldl tissue is essentially free fromblood. 10. The
met hod accordi ng,to .an recedin | ai,m wherei.n the coolin rocess 25is
per formed at égdi‘.i‘ﬁa“&ﬁfé ] ge&“’ﬁ@’F ?tgrﬁgB?rdé’tss‘ﬂee‘é{é“tm‘?éherﬁoﬁ fiaee h"’lglbgefhe met hod
accordi ng to PRypaied 8¢ edielipdebRabMingdhek@pdoft he freezing process is conducted

at about -70C. 3012. The. net hod. . accordi ng to any precedjng claim wherein
t he cryogeni c stor gQgpg“%ﬁﬁﬂﬂEF@&“QFH%%GﬁTp@ﬁ%%fgﬁ qif”ne met hod accordi ng

to any one of cl ai®gp o&mamdlgahelanbmmwidraisidwmmmesi@mmmbﬁ per f or med
at about 37C. comprising serum-containing cell culturing medium and a
cryopreservant, and
10 ¢) subjecting the combination to a cooling process in which the
combination is refrigerated as a liquid for a period and at a temperature
permitting the cryopreservant to penetrate the tissue,_
d) freezing the cooled combination, to provide frozen tissue, and
optionally then
15 e) storing the frozen tissue under cryogenic conditions;
2) thawing the frozen cord tissue;
3) treating the thawed cord tissue to displace the cyropreservant with water;
and
4) recovering viable cells from the cord tissue so treated.
20
2. A method for preserving the viability of cells present in umbilical cord
tissue, comprising the steps of
a) obtaining umbilical cord tissue comprising viable cells,
b) combining the umbilical cord tissue with a cryopreserving solution
25 comprising serum-containing cell culturing medium and a
cryopreservant,
¢) subjecting the combination to a cooling process in which the
combination is refrigerated as a liquid for a period and at a temperature
permitting the cryopreservant to penetrate the tissue,
30 d) freezing the cooled combination, and optionally, then

e} storing the frozen combination under cryogenic conditions.
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14. The nethod according to any one of clains 1 and 3-13, wherein the thawed
cord is treated by imersion in water or buffer at about 4C. 515. A nethod
according to any one of clainms 1 and 3-14, wherein the viable cells
recovered fromthe stored cord are human unbilical cord perivascul ar cells.
16. A nmethod according to claim15, wherein the viable cells are recovered
by 10di gestion of the Wiarton's jelly. 17. Unbilical cord tissue, in a
cryopr eser ved st at ghamnethedmpoidiigng clairo enclior 2,0ieran thhatyopregervat ver abl e i n
a viable state, whg%ir prepared by the nethod according to any one of
clains 2-14. |15 18 ilical cord tissue according to claim17, in the
formof a tissue bank conprising a plurality of containers each conprising
a sanpl e of Sld t a nts of
each cont ai ne% @ﬁ%f"?f‘ccgfda’},g(c)t?813{1}12262%%62%? %Qgh &gmgﬁg H&?{z}?ﬂren 17 or
clai m 185 wherei n Isl‘f@talﬂdiﬂdels@@fn.cord tissue is cord vessel or a segnent

t hereof, bearing perivascular VWharton's jelly conprising progeni tor cells.
20. A net hod for recovering viable HUCPVCs fromfrozen unbilical cord

25t i ssue, conprisi Mge i:nhﬁoﬁb@pﬁ]iﬂg‘th clejrobtoaiclainm @, velreyay dhi cogiptopersingr ed cord

ti ssue, wherein the cord tissu fre h Jd.cal cord
vessel, or a segnmeft i HePEHIScY |Lr’1rﬁe§r§)§10%:|§§t/°e ggfff%@?sbgﬁ?gbg arton's
jelly, and has beelfetaarbepxaéeﬁuxby a met hod conprising the steps of 30a)

obt ai ni \%9 said unbilical cord tissue, b) conmbining the unbilical cord
tissue th a cryopreserving solution conprising serumcontaining cell

cul turing nedigim ante DB according to claim 5, wherein the cryopreserving solution is

10% DMSO, and 90% fetal bovine serum.

7. The method according to any one of claims 1-6, wherein the umbilical
15 cord tissue is umbilical cord vessel, or segment thereof, bearing

perivascular Wharton's jelly comprising progenitor cells.

8. The method according to claim 7, wherein the umbilical cord tissue is

human umbilical cord tissue.

20
9. The method according to claim 7 or ¢laim 8, wherein the umbilical cord
tissue is essentially free from blood.
10.  The method according to any preceding claim, wherein the cooling process
25 is performed at about 4C for a period of at least 20 minutes.
11.  The method according to any preceding ciaim, wherein the freezing
process is conducted at about -70C.
30 12. The method according to any preceding claim, wherein the cryogenic

storage is conducted at about -196C.

13, The method according to any one of claims | and 3-12, wherein the

thawing process is performed at about 37C.
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c) subjecting the conmbination to a cooling process in which the conbination
Is refrigerated as a liquid for a period and at a tenperature permtting
the DMSO to penetrate the tissue, d) freezing the cool ed conbination, and
5e) storing the frozen conbi nati on under cryogenic conditions for a period
of time; and then 2) thawi ng the stored cord tissue; 3) treating the thawed
cord tissue to displace the DVBO with water; and 4) digesting the Wharton's
jelly associated with the stored vessels to 10rel ease vi abl e HUCPVCs.

14, The method according to any one of claims 1 and 3-13, wherein the

thawed cord is treated by immersion in water or buffer at about 4C.

5 15. A method according to any one of claims | and 3-14, wherein the viable
cells recovered from the stored cord are human umbilical cord perivascular

cells.

16. A method according to claim 15, wherein the viable cells are recovered by

10 digestion of the Wharton’s jelly.

17. Umbilical cord tissue, in a cryopreserved state and comprising progenitor
cells that are recoverable in a viable state, whenever prepared by the
method according to any one of claims 2-14.
15
i8. Umbilical cord tissue according to claim 17, in the form of a tissue bank
comprising a plurality of containers each comprising a sample of said cord

tissue, and a catalog referencing the contents of each container.

20 19. Umbilical cord tissue according to any claim 17 or claim 18, wherein the
umbilical cord tissue is cord vessel, or a segment thereof, bearing

perivascular Wharton’s jelly comprising progenitor cells.

20. A method for recovering viable HUCPVCs from frozen umbilical cord
25 tissue, comprising the steps of:
1) obtaining cryogenically stored cord tissue, wherein the cord tissue is
fresh, isolated human umbilical cord vessel, or a segment thereof, bearing
associated perivascular Wharton’s jelly, and has been prepared by a method
comprising the steps of
30 a) obtaining said umbilical cord tissue,
b} combining the umbilical cord tissue with a cryopreserving solution

comprising serum-containing cell culturing medium and DMSO,
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c¢) subjecting the combination to a cooling process in which the
combination is refrigerated as a liquid for a period and at a temperature
permitting the DMSO to penetrate the tissue,
d) freezing the cooled combination, and
¢) storing the frozen combination under cryogenic conditions for a period
of time; and then
2) thawing the stored cord tissue;
3) treating the thawed cord tissue to displace the DMSO with water; and
4) digesting the Wharton's jelly associated with the stored vessels to
release viable HUCPVCs.
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