WO 2008/156659FCT/US2008/007381 METHOD OF ISOLATING STEM AND PROGENITOR CELLS
FROM PLACENTA CROSS-REFERENCE [00011This application claims the benefit of U.S.
Provisional Patent Application No. 60/936,237, filed June 18, 2007, which application is incorporated
herein by refetenne/ississentirety. BACKGROUND 100021Human stem celtsrasentetipnient or
pluripotent premsor cells capable of generatin a variet%%gf mature human cell lineages. The use of

such cells in vanibUEIREE SRR ABHI AN SRR PR FELLATREMBIEENTAS such as in

regenerative medicine and in tissue/organ replacement. Currently, sources of stem cells are limited.
Embryonic stem cells, which are deriveelf{%'gl*ﬁm%ﬁcgre difficult to produce in significant numbers
for practical purposes; current procedures for grow maintenance in an undifferentiated state of

suﬂl%ﬂlls are thipmph@gii@umb@rS@m@c[@ﬁ@Qﬁiéﬁo\Rm@ﬁmi Baﬁﬁamnai_iaﬁtiplab@nta becomes a
non-funcigrakorgRmARCs L PiCaly Higsatd adn R slacaa SOt R iR e slam celisand other

multipotent cells. For example, placenta-derived multipotent cells have been reported to differentiate
into mes&ABFRAl lineage cells, including adipocytes and osteoblasts; neural lineage cells; and
endodermal lineage cells such as hepatocytes. [0004]Umbilical cord blood ("cord blood") is a source of
hematopoietic progenitor stem cells. Stem cells from cord blood are currently cryopreserved for use in
hematopoietic reconstitution, a widely use%”‘tﬂ%ﬂ??e‘iﬁf& procedure used in bone marrow and other
relp@iR iransplafiatianstéaocedl blaed drpotan evpboipoardipeialis:orylhpcassilcd @adesiarachfor
possible (i use.inhensame indiidualatplater ine. Pecause, he corg bigod cls A generally
used to treat the same inaividual from which ey were o alnedn(i.e.,%e onor an Pgmplen are the
same indiitdls aionties o edrepblivet cos| i¢iaseitre ssamativemedikiuk ooy to HAtIFEPTSAHLA) as the

‘recipientlpgitidual, MGReRle. JNGIeLS AHARIR! £E Hﬁ‘f?{%&'.aﬁh{.ﬁ}?&%%@h%é‘i‘ﬁ)’ﬁfﬁbﬁg&ﬁ disease.

[0005]The major drawback of cord blood as a source of stem cells’is its small volume, and therefore,

limited ndiebEddteepmnbenes. Ateskdlsbie prpdicsin sienTnsat puwbes foyprasisad mwaesssior

successful fransptariatien Pp k- dwahidienaat1ae0iai RS SHANEAda b aul-2 MillignBenmatopoietic

stem cells. Transplantation in an adult human generally requires at least
complex and cumbersome.

[0003} Following birth, a mammalian placenta becomes a non-functional organ and is typically
discarded. The placenta contains multiple stem cells and other multipotent cells. For example,
placenta-derived multipotent cells have been reported to differentiate into mesodermal lineage
cells, including adipocytes and osteoblasts; neural lineage cells; and endodermal lineage cells
such as hepatocytes.

[0004] Umbilical cord blood ("cord blood") is a source of hematopoietic progenitor stem cells.
Stem cells from cord blood are currently cryopreserved for use in hematopotetic reconstitution,
a widely used therapeutic procedure used in bone marrow and other related transplantations.
Cord blood from a newborn individual is cryopreserved and stored for possible future use in
the same individual at a later time. Because the cord blood cells are generally used to treat the
same individual from which they were obtained (i.c., the donor and recipient are the same
individual), the “donor™ cord blood cells have the same human leukocyte antigens (HLA) as
the “recipient” individual; therefore, there is no danger of transplant rejection or grafi-versus-
host disease.

[6005] The major drawback of cord blood as a source of stem cells is its small volume, and
therefore, limited number of stem cells. A cord blood unit is typically about 100 ml, which is
sufficient for successful tfansplantation only in children, as it contains on average about 2

million hematopoietic stem cells. Transplantation in an adult human generally requires at least



2 x 105 stem cells per kg, which makes cord blood sample an inadequate source for situations in
which higher cell numbers are required. [00061There is a need in the art for methods for long-term
storage of placental tissue; and for improved methods for obtaining ample numbers of stem and

progenitor cells fremplacentaiwhichiias heeneenigaaned. ditgeturemd@oit Uss-Ratent No.
7,045,148; U.S. Patent No. 7,147,626; TI.S. Patent No. 6,059,968; U.S. Patent No. 6,461,645; U.S.

Patent No. 7,16%%%’?@‘?*5‘?"?’8%%@%? LAHBReRN G O5846853888: U.S. Patent Publication No.
2005/01764@80; U.S. Pitent RubligdtinniNert2005/6068681 1S ePattmbuliphtionaNess2@07/0009880;

U.S. Patent PUBJaion, Ng. 200R/0RSTEA2, b RAIGHNR, 2R3k s BRIRRNO 83,273

SUMMARY 100081The present disclosure provides methods of cryopreserving Stem and progenitor
cells in a mamniEiBRprEREthich s PretheersTsebdning fetal stem and progenitor cells from a
cryopreserved magamadian placenta. Cells obtained by carrying out the methods can be used in a

variety of fagyapewitic apaliclions-(900Baln ane gspegh Jerg,s providsd afethar gf qptaining fetal
stem and progenitor cells form a cryopréséerved mamma}lan p a'ceﬁ%a, the’'method comprising: a)
perfusing a crydpPée8psed thdintanalien platérta WithPates|Retioht8oledidn Tdlvpridinblisrtiagent that

induces mobilizafionwfastemansdiormragenitaraeh vt adolkoedhyessal of the-plassntaivherein the
mobilization agent is AMD-3100, or is a biocompatible non-ignic surfactapt, an e 1e that digests
tissues, a throm3Biyie Séﬂ%%l,’oltz‘%tﬁﬂltgﬂte%fglh‘fﬁ%qgﬁ%§gg%@%%?fgan‘tg ‘)Pé%‘ﬂle{r(;%}r%}f & Hhobilized
cells from the bioc2vesseswdieiein thenoNecidd Tels tobnPriset fidtall 4dd. prdgenitor cells. BRIEF
DESCRIPTION OF THE DRAWINGS [0009]Figures 1A-C depict hematopoietic stem cells derived
from term placenta and cord blood, differentiation assays and long-term culture-initiating cells.

[0010]Figure 2 depicts a paraffm section of hiF@¥4dtcenta, stained for CD34 and CD117.
[0068] The present disclosure provides methods of cryopreserving stem and progenitor

cells in a mammalian placenta; and methods of obtaining fetal stem and progenitor celis
from a cryopreserved mammalian placenta. Cells obtained by carrying out the methods
can be used in a variety of thefapeutic applications.

[0008a] In one aspect, there is provided a method of obtaining fetal stem and progenitor
cells form a cryopreserved mammalian placenta, the method comprising: &) perfusing a
cryopreserved mammalian placenta with a collection solution comprising an agent that
induces mobilization of a stem and/or progenitor cell into a blood vessel of the placenta,
wherein the mobilization agent is AMD-3100, or is a biocompatible non-ionic surfactant,
an enzyme that digests tissues, a thrombolytic enzyme, or ethylenediamine tetraacetic
acid; and b) collecting the mobilized cells from the blood vessel, wherein the collected

cells comprise fetal and progenitor cells.



[0011]Figure 3 depicts a paraffin section of human placenta stained for CD34 and CD38. [00121Figure
4 depicts a paraffin section of human placenta, stained for CD34 and CD 133. DEFINITIONS [0013]As
used herein, the term "stem cell" refers to an undifferentiated cell that can be induced to proliferate.

The stem cell is capable of self-giaintenanee. ol el §ReWal, eRRING that with each cell division, one

daughter cell will also be a stem cell. Stem cells can be obtained from embryonic, post-natal, juvenile,
or adult ti808 Stem cEiean peplsrsolsasrritlitpttentethdaéred TFHugemadtasene 48dused herein,
refers to an undifferentiateceahaarivedstannd siemeealbunetiminetiisetla stem cell. Some progenitor

cells can q:tjce progeny that are capable.of differentiating intg, more than ang ¢ e.,WO
Sordt 1 wsetghe st bl et e LR LR e et A

binding, refers t&RidRA-avidity and/or high affinity binding of an antibody to a specific polypeptide i.e.,
epitope ofyg1RPlypeptide .93 aRAIesiAnmPIecUs: EPhexampisantinagybiadingia agepitope on a
specific adhesion molecule or fragment thereof is stronger than binding of the same antibody to any
other epitope, pgﬂﬁﬁ.}larly those which may be present in molecules in association with, or in the same
sample, d80tt% specifidashedickmmolecoietinrntataest, . fuolbinddansore strordfoto@3pendic adhesion
molecule than tg.gnysother epitopes so that by adjusting binding conditions the antibody binds almost
exclusively to the specific adhesion molecule epitope and not to any other epitope, or to any other
polypeptide which does not comprise the epitope. The epitope recognized by the specific antibody can
include amino acids, carbohydrates, sugars paranegonznation of one or more of the foregoing.
Antibodi t bind specifically to a polypeptide % .,.[0.an adhesion molecule).may be capable of
pinding UL oty peptaE o A et T e B I o
the polypeptide Bfiitsrést)rSirhovedRbiminesibishesrblo ahddbimaing e e Hisestrible from the
specific antibody,Ringinenie Ritargel Relyprptisle B Jabynise @fiappreprate castialsy Insggneral,

specific antibodies bind to a given polypeptide with a binding affinity of 10-7 M or more, e.g., 10'8 M or
ore (6.0, 10.GR FOLKIOTGE P B THOS 0P 4 1 TR, Vo4 AU GFSIETD e M or lese
is not useful in thapitwiphrot dindbipantigefhatiendetpotablmtavd| Usingaomventiorfaisrethodology

currently used. 10@HalAsHoedhereiNhEiaMmSs e aimentd NealingeARd:hs Ik, relgkto obtaining

a desired pharmacologic and/or physiologic effect. The effect may be prophylactic in terms of
completely or pAFHERYBFETERGAY BUs RS E It B3f P tRe P iR r B APt liaR in terms of
a partial or completestiurecfor a disease and/or adverse affect attributable to the disease. "Treatment",
as used herein, covers any treatment of a disease in a mammal, particularly in a human, and includes:
(a) preventing the disease from occurring in a subject
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which may be predisposed to the disease but has not yet been diagnosed as having it; (b) inhibiting
the disease, i.e., arresting its development; and (c) relieving the disease, i.e., causing regression of the
disease. 100161The terms "individual,” "subject,” "host," and "patient," used interchangeably herein,
refer to a manimels/isedatling, but not limited to, murines (rats, mice), nonearfiaziniatds, humans,

canines, felines,.ungulates (e.q.., equines,.bovines, ovine rcines ri 165490174
"tﬁggafﬁiuticalljg ?e% |vee%1rrrl%u%t?t¢'c§fq‘ae |talé}ougsc§)ryh9eo)ﬁn%§anl%ogﬂéyt lehéﬁ%ﬁ%?tgg)?%c%&%pour% ora
number aihdéitshiphiafiihien odmgi sfore dridbady sermiptwfiotayprrsidel forapdianag izt disease, is

Sufficieng}& Bse reamenl iR dizeass Jhgpiheranpidoaliite Wah epitope on a
2008/156659PCT/US2008/007381 effective amount” will'vary depending on the compound or the cell,

the diseatedifig 3dhesonmylseriars Beemonidnreetds strnesshapbing ok i sampBt OB e the

present igyeRHRn éﬁi%ﬁé?{aﬂﬁﬁﬁﬂb?%d&é&r&ﬁi&?rﬂ@d@é%@%mﬁkﬁbiédﬂl\ée QR iaablwikddo
particular. embodiments described, as_such may, of c%%rse _va?rﬁ/ Itis al oﬂg)%be understpod that the

terminol oy RFstAPRSPBIRIFs 15 HHRSASEHG AER6PIBIRAISH eﬁ’zfrﬁ’(t, e cifodd RSP shot
intended $pebiimiingos inokthe: seape ahthelgressnipavention yildjestimitethdinly dopdhi@appended

claims. [00191Where a range of vaI]]ues is proyided, itis upderstood, that each interyenin: ue, to the
tenth of the ﬁﬂﬂbé’ ?h?énfg\slv%r RiCORIEeS ifewc%élr?tg& céf‘ecaar y dicta egl 5 I%r\%ﬁgg?gg?v%ggr_l %aé??ljpper and
lower limittbétlapitoange anehamyhethyelgieptdowtbrdessingtvaimpriscHst endoed. rdhgepisoehcompassed

within thedpygnfion, The yanek cadiuer itz Ahiese s male oiRags/Iey, Bidareadentl be

included in the s r ranges, and are also encompassed within the mve_ntibn, subject to any
specificappmhineidretiafipneatmom oldbe forgaoinmofetihadies ibgtbing snacifiedy dhe or both of the

limits, ranges,exchiding sither LA eldhestjnsiydrddpils rpalaminsibdasbipieidavanton.
100201Unless defined otherwise, all technical and scientific terms used her%in haf%/{%t same
e

meaning ¥e%o i ERlaeiStelda By bha 8 isinGRe SAFMEFRONE S WRiBRYRRP ion belongs.
Although iatiyesietiseds wegk vinting) ostailarombbinditentisedhiibediesatibediivenalie specilso be used

in the practice gr es Lngntogf the present |n\{%ntlgn:_ghe referred metthods ar;d rPaterlaI are now

. . tFOLS.
described™RHSeBHE &t ?ct) od Rerenar m%élrsgra?g%r rein 0)}1 Feference to disclose and

describe thecifiethoiisdinshindnate gaisnpdypersistionithitrbividiol tfEuICAHONS eraeltad.g.»
10" M or more (e.g., 10° M, 107% M, 107" M, etc.). In general, an antibody with a binding
affinity of 10 M or less is not useful in that it will not bind an antigen at a detectable level
using conventional methodology currently used.

[0015] As used herein, the terms "treatment,"” "treating," and the like, refer to obtaining a
desired pharmacologic and/or physiologic effect. The effect may be prophylactic in terms of
completely or partially preventing a disease or symptom thereof and/or may be therapeutic in
terms of a partial or complete cure for a disease and/or adverse affect attributable to the
discase. "Treatment”, as used herein, covers any treatment of a disease in a mammal,
particularly in a human, and includes: (a) preventing the disease from occurring in a subject
which may be predisposed to the disease but has not yet been diagnosed as having it; (b)
inhibiting the disease, i.c., arresting its development; and (c) relieving the disease, i.e., causing
regression of the disease.

[6016] The terms “individual,” "subject,” “host,” and "patient,” used interchangeably herein,
refer to a mammal, including, but not limited to, murines (rats, mice), non-human primates,
humans, canines, felines, ungulates (e.g., equines, bovines, ovines, porcines, caprines), etc.

[6017] A "therapeutically effective amount” or "efficacious amount” means the amount of a
compound or a number of cells that, when administered to a mammal or other subject for

treating a disease, s sufficient to effect such treatment for the disease. The "therapeutically
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[0021]It must be noted that as used herein and in the appended claims, the singular forms 'a," "an,"
and "the" include plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to "a stem cell" includes a plurality of such stem cells and reference to "the progenitor cell”
includes refevermestosesse or more progenitor cells and equivalents thereafdaosentsanehzse skilled in
the art, angd sa Jgg{fll]b It IS wﬁih\gr n teg I_ijli%t th tﬁ'é"@% ma dboer glrgftglﬂ {Reedigégg{agﬁxtggé@?%eI_ement.
As such,et & SISAMENT is inteAded to Senve as antecedent basis for Use of such exclusive terminology
as "solelyyid trdyianseigbtlike. i Thersabim Witk treatedcitation of claim elements, or use of a "negative"
limitation. 100221 The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothingggﬁrein is to be construed as an admission that the

pré®f inventioRefoisdhe Atrrent is ventiemie lrbersieprched ity Wikt wsksrierdibahiish. wo

2008/156659R TV SRRU k- Eumihamihadaes afRublieatinprowidedmayhe different from the
actual puplication dates which may need to be independently confirmed. DETAILED DESCRIPTION

100231 THeAl5Re ehs Wdartrns el iRr e TR e VUSRS HORBe AR R PAA FEE8RE: methods for

cryopreseeing fetatieiitemmgenipacelisnot anmadedmlisnpbatentanan thmetheds! fibe pbtaining a
population of fetal ceﬂlgeﬁiom acry re%arved mc?ryrgialian placenta, where the fetal cell population

0
compriselsrl‘s’?g%oﬁrvl‘a or prlcr?dteerdlif’or1 telis. S\aé)@gj%c method of cryopreserving a mammalian placenta

gelidmlly involvadhperfusing afvalmm i pldsbiitas videastend thefasioniaritningnpresahative
solution GRPRPIAY Biisashan Bt aRaHIaN o vasRAlaieL- R Bk ahana CImRBsRvIive agent

The cryopreservative solution-perfused placenta Is frozen and stored at a temperature below 0C, and

can be stepeer frddaysT miias, tib MAge 6nY ey o0 SitedgoiEEEagoRIgE A Ti94hin placenta,

e.g., a hugian Rlaseiiapissel NiaieshinslnicrRhsetiaas i which Riaaantal stemssargiigprogenitor cells
may be required for future use in an individual, e.g., days, weeks, months, or years afﬁ:er the individual

is born. THBEEEIBBURAFRIIFBHY (R BARSSS Uk R MU Ceries e e GENIB CRERIEMEIthYENR, they
originate frennibgisivaitiecause; thecinty sandediitieicels ohtaineckirolibe flacentd is the
same as the prospective recipient individual, the possibility of rejectiqn of the cells he recipient is
reduced & nlf?ﬁg’t ?ﬁ?.%éﬁgf 8m‘%rggmé%rt53rn§§ § %‘é)‘ﬁ%%ego %rn(éﬁ%}%%rr? gﬁ&?ysi%ﬁ)?%%éﬁged placenta in
large nunhlogts aee glsthechpedtic iy ieffedtive numbers of cells. Furthermore, stern/progenitor cells

Obfaiﬁ%‘f from ARG ,IPJ%{%Q}%ﬁ??é&lﬂ{f&\él%@s\é?Jﬁ%‘chfeﬁiﬁrHé%%‘?&E%%'{ﬁeaélﬁ{Qr

differentiated cell types, including, e.g., hematopoietic stem cells, neural pro%enltor cells,

mesenchyieailiBERh aaisoaiy IHETHOD S OreeRY B PRESERY M8 TEMISROS ENFIER CELLS IN
A MAMMAL AN PhACENTAJQR2RLEbaRraseat nvantins aroyisessnatigisdae cappiasendng fetal

stem and progenitor ) ) i .
can also be used in the practice or testing of the present invention, the preferred methods and

materials are now described. All publications mentioned herein are incorporated herein by
reference to disclose and describe the methods and/or materials in connection with which the
publications are cited.

06021] It must be noted that as used herein and in the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to “a stem cell” includes a plurality of such stem cells and reference to “the
progenitor cell” includes reference to one or more progenitor cells and equivalents thereof
known to those skilled in the art, and so forth. It is further noted that the claims may be drafted
to exclude any optional element. As such, this statement is intended to serve as antecedent

ks 1%

basis for use of such exclusive terminology as “solely,” “only” and the like in connection with
the recitation of claim elements, or use of a “negative” limitation.

[00622] The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is o be construed as an admission that
the present invention is not entitled to antedate such publication by virtue of prior invention.
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cells in a mammalian placenta. The methods generally involve: a) perfiising a mammalian placenta
with a perfusion solution comprising an anti-coagulant, a vasodilator, and a cryopreservative agent;
and b) freezing the perfused placenta at a temperature below 0C. [0027]In some embodiments, a
placenta is oviaimest faiewing birth, e.g., from one minute to about one hawurfalRwiga Bigih. For

example, ammali lacenta i .obtainc?g from apout one minute to aboyt 5 minutes, from about 5
minutes toﬁ%g&tgﬁﬁ ér?%?en% %Cgu rom abaut 1 %{% %\g%rggg §Bcy FPEER iR utes to
about 20 wiimitewmreed abbat2&painigtely tovabioued0 minutes, from about 30 minutes to about 45
minutes, or from about 45 minutes to about 60 minutes following birth. [0028]Once the placenta is

obtained, the artery and the vein of the placenta are cannulated and connected to a perfusion circuit. A
perfusion circuit can include a pump SR &IHESPESERETIONay further include a heat exchange unit

angipz3 blood oxgsRatar iiN0RIT HeRRILYSIRMEaN BE SRl QVal AJaMBRIA MR Bf from about 4C
to about 37C, e.g,, from about 4C to about 10C, from about 10C to about 15C, from about 15C to

about 17ESHON AR PRECIET KBS IEBhBCRERPSHRIN seks i ammmmpatarpinseais wd reehedbout 25C,

from abo@28EaigigbeybBaiakiar Sraeabetl 0 kap3AEd Raamaismbadimenisctbengerfusion is
carried o%taf ro[?m temperature e.e%., from agﬁout 17C to ab%ut 25C %% from about 17C to about

20C, from 5Bt 2R B B S BT AN R oS ar L6 SsTIOHTHE BErfusion solution

includes aryepriscoagglantaanabadijEomant ey presensgitriusge ntnbherpddu piateselutian can
also Inclugi.Ane.olr e ghalssaledeang. caihion doxide, and anlnerl gas J0g3HR lable
anti-coagulants include, but are not limited to, heparin, €.g:, tnfractionated

vasodilator, and at least one cryopreservative agent. The cryopreservative solution-perfused

placenta is frozen and stored at a temperature below 0°C, and can be stored for days, weeks,

months, or years.

[0024] Cryopreservation of a mammalian placenta, e.g., a human placenta, is of interest in
clinical settings in which piacental stem and/or progenitor cells may be required for future use
in an individual, e.g., days, weeks, months, or years after the individual is born. The cells
obtained from the cryopreserved placenta are largely not maternal; instead, they originate from
the fetus. Because the “donor” source of the cells obtained from the placenta is the same as the
prospective recipient individual, the possibility of rejection of the cells by the recipient is
reduced or eliminated.

[6025]) Stemy/progenitor cells can be obtained from a cryopreserved placenta in large numbers,
e.g., therapeutically effective numbers of cells. Furthermore, stem/progenitor cells obtained
from a eryopreserved placenta can provide a variety of stem/progenitor cells and/or
differentiated cell types, including, e.g., hematopoietic stem cells, neural progenitor cells,

mesenchymal stem cells, etc.

METHODS OF CRYOPRESERVING STEM/PROGENITOR CELLS IN A MAMMALIAN PLACENTA
[0026] The present invention provides methods for eryopreserving fetal stem and progenitor
cells in a mammalian placenta. The methods generally involve: a) perfusing a2 mammalian
placenta with a perfusion solution comprising an anti-coagulant, a vasodilator, and a
cryopreservative agent; and b) freezing the perfused placenta at a temperature below 0°C.
[6027] In some embodiments, a placenta is obtained following birth, e.g., from one minute to
about one hour following birth. For example, a mammalian placenta is obtained from about

one minute to about 5 minutes, from about 5 minutes to about 10 minutes, from about 10

5



heparin, low molecular weight heparin (e.g., Lovonox, Fragmin, Anti-3CA, Axrista, etc.);
ethylenediamine tetraacetic acid (EDTA); hirudin, a hirudin analog, refludin (Refludan, recombinant
hirudin), bivalirudin (Angiox); a coumarin, e.g., warfarin (4-hydroxycoumarin), (e.g., warfarin sodium,
also known S80COWHN&EHYg; see, e.g., U.S. Patent No. 6,512,005), a counrarintsnalege(see, e.g., U.S.
Patent Ng. £ 443,835% S0 ramiin IRIRIGr & soagulation fciar Jombilgre.2Rinicin G Bathway
component; a tissue factor pathway inhibitor; an anti- platelet compound; a vitamin K antagonist; a
platelet agjfratsatioabpwilitonienfisinoiiemm phenivay mimiss e abost 68 mites colleiwinmbithe like For
eXRIBRE: SUItabisBOthEQRMAANT Bk 8 AGSNRAAHERR cRBR OthcaRis RdieRSpRIRAdione,

clorindione, coumetarol, cyclocumarol, dextran sulfate sodium, dicumarol, diphenadione, ethyl
biscoum&CBRARICE IRV BRABSHIB SiTRMEoP METdHSIRS HEBUIFRIHAGHHE RRNBRIBSB AR Ykdhitlione,

penstosamapEisdfatRiRReNHRACREL AP EAYRICNbIBBaDAiBeRIGRIamide, tioclomarol, and warfarin.
S éﬁ%j anti-coggulants include those that, at the concentrati gs/a ount‘i sed, do %- ave
si;f 8

nt adverd’ BREEROB LSRG AL MRSHERS QA T 1haBSEh. [0032] A
suitable amgqunimhbouanticcraghdant®d)) bennedoange©tdraroal el 1fiidimhtowmalcdacCo@ddiml, e.g.,
from abo U/ml to.ab /ml, fr t5 U/ml ut.10 |-from_ about 10,U/ml to about
20 U/ml, ?Irr{)élr(r“;’a Oon&tag?)l\%/)\yr?l] ooa%%ﬁlt? %@?ﬁﬁ‘ﬁé’?ﬁ %tbtfc{))tjate 3?8 3\%%%%\9{/ PR %9 H t
2008/1568%59PLTIL) §20087007Z8 L &habBC Uinloffopmaivout 5 e abwetboiC7 Itsamheor from about

75 UIm1 tg,8baut 100 4ipL-Fg3zIs viakle &ﬂ%ﬂ‘i‘ﬂéﬁ?E’é&ﬁ}ﬁ%?&gé‘%&%ﬂ@%%@q@%l%)ée””’

moxaverin, hydralazine (e.g., hydralazine hydrochloride; drazinophthalazine monohydrochloride;
Apresolineey; dittyciFamithoyhn] BQi&ﬂI%@H&%@%nyﬁo%ﬁ%%%%giHémﬁ&?ﬂ@riarnﬁ@faﬁﬁﬁ%,
nitroglycenncigogpsids dinitrate, diazoxide, nitroprusside, diltiazem, amiodarone, isoxsuprine, nylidrin,
tolazaoline (2-benzyl-4,5-dihydro-1H-imjdazole), and verapamil. Suifable vasodilators include those
thdP%4Pihe concErtRIHGHAPARIHHED (Rt RSP R RIGTH Car i AN S B S SRTESEN Rty of a
stein/progesitor iellpprésemi solibplaceiita. (A0 Stttablede/episserwativeyggeniarbrelude, but are
not Iimitegiéo o Iene;: gh/col; dimethyl sulfoxide (DMSO0); formamide; glycerol; polyvinylpyrrolidone
(e.g., PV 18 oo yeatrﬁy enegéiycol; as polyvinyl alcohol/polyvinyl acetate copolymer; an amphipathic
pht¥i3blipid-devugabisrotphodidstds iechide ot rophospnaet dtinke f@RCY, s enniasthamatidmine
phosphodliester, alveerapasPheipnsigl.diphosphgtiglycarpl, fis. Anagmphingitic gamolyte, e.g.,

betaine, taurine, acetyl-L-camitin€, etc.; a polyol sugar such as myoinositol or trehalose; and the like.
Two or nfdPEleRFeiBEE iR Aifeitid €aR boubiudincohipiAmmleu refidiaRefladervative
compositigasiBaiaienifdin R GRARRES MANEFOLHL GRRROSIHOR AT ARsainegh i HanRaignt
Application No. 2Q007/0009880; Viaspan (DuPont; see, e.g., U.S. Pat. Nos. 4,798,824 4,879,283; and
4,873,23678hidt ﬁ%&ﬁ?&&ﬁhgmgw@wmi% R SO NEnorrediVative soluion
as describegrrid SiaRatert Nz 71220588t vl THE7THESN@3bidabintedibhone, dbggprrfusion solution
can also jndlyde as-0rmere.of dissplyed oxygsn.saihon dioxide. and.an inetl gas, Sylfaole inert
gases inc ug)e, e.g., e.g. ﬁeﬂum, anon, rypton, and’xynon. The o}(}ygen fension can be in the range of
from aboplaidetrroripgundabota00 Kantkiprasy 2 plataletbamgrdgomiktgbicoabofib@oiytic Hg, from

about 25 19 {8 ARAKHEQ B fIRM:ARoNL IR Hade.ahaut TR0 gyTam At 75 mm Ho

to about 100 mm Hg, from about 100 mm Hg to about 125 mm Hg, from about 125 mm Hg to about

150 mm PiglEnS- B SERRPSOURH L GRET A RS ipRMA Pieméndient alssindiors o raslabout 200 mm
Hg. [0036}lnsamearsmadimenisadhe arif siRnsalsli aiptaRBithe g NRNssuanR f4ore of an
anti-micrg%?figgn%néic%grrnoa}/\é)ﬁtl ﬁ%‘fﬁ%ﬁf} ﬁgg%m%%?n?@%é{é% Is%%mm, oxazidione, penstosam
polysulfate, phenindione, phenprocoumon, phosvitin, picotamide, tiociomarol, and warfarin.
Suitable anti-coagulants include those that, at the concentrations/amounts used, do not have
significant adverse effects on the viability of a stem/progenitor cell present in the placenta.
[0032] A suitable amount of an anti-coagulant can be in a range of from about 1 U/ml to about
100 U/ml, e.g., from about | U/ml to about 5 U/ml, from about 5 U/ml to about 10 U/ml, from

about 10 U/ml to about 20 U/ml, from about 20 U/ml to about 30 U/ml, from about 30 U/ml to



[0037]Suitable anti-microbial agents include, but are not limited to, agents that-inhibit growth and/or
viability of Gram positive bacteria; agents that inhibit growth and/or viability of Grain negative bacteria,;
agents that inhibit growth and/or viability of acid-fast bacilli (e.g., 7 WO
2008/156659RCHMISABEB/007381 mycobacteria); agents that inhibit grovethramehies viabslity of a yeast
or fungal cell: s that inhibit d/or viahility of a protozpa; a.}gddhe like. S 'tﬁ%e

anti-micré ?atzsgﬁ}%ﬂlhéﬁ}ag# B‘&‘?%Q\Sﬁ?\%w?ma§8‘d"?og, wﬁ'gc?arr%{ %%tﬁ%%‘%fcs, e./gr;r.1 i %)oe%l?giutm, erivatives
and analdgmbf penicillin, cephalosporin, etc.; carbapenems; aminoglycosides, e.g., streptomycin,
kangygycin. andglie, e, JagalAe AIHLIONGS oft Go AREATY Bk BRI Bl BRCHAGARMICIdIN

mupirocin; chloramphenicol; thiamphenicol; fusidate sodium; lincomycin; clindamycin; novobiocin;

polymyxifsgrifarAiearinashrdosblerién; rbiéreyaierishouatnermpaahydresplands; dwspiokipa®ins;
anti-folat%iﬁggmﬁﬂﬂfé,qqieeﬁaahfmmﬁs@-ﬁimﬁhcm(inbwiaﬁﬁgmmmrﬁrﬁ%m&@%@m@e:
synthetic antibacterials including nitrofarans, methenamine mandelate and methenamine hippurate,
nitroimid &SR HBITALS, Hersrog i MERORES S8 iU ezt ATMGdES TSy K RRHRRe PEEFR A minosalicylic
acid (PARleytinseribensaprsaiyci- ethiondmisie), piihiaapmide ShiabRiaaosd] adek viRnayein.

Suitable gnti-mjcrobial agents include those that,dat the% ncentrat'gnns/a ounts ysed, do,not have
significan Bﬁvg‘r%teaéﬁ&c?&‘%?ﬁ‘%ﬁ%‘%%ﬂﬂ’f%‘?% A B AT LR BrRLLHR the piac A

[0038] Suitedbidiryytd kistes:gmogenitpowveth factonsithat gdecdrddancluded in the perfusion solution include,
bu ot limited. - ;i!;QH!%t' -Sti ing [- locyte
cotﬂﬁgﬂmulatiﬁ%%%%’t%?&(g%é%), gran%{%%gﬁgﬁgp Qégiygg'gmﬁg%tt% lﬁ{iomeggc%ﬁé M-CSF),
megakaryégeptbyésifxisikridMERY: ficormfcngbiteroh pelyyiniemerdidangne-a), \Bor8ensus

interferom JfMl o DR By ey 1B HSTSHIRh 2 dhethel oot brrike: 2nl kb Hptnid--5, IL-6, IL-10,
IL-11, ILE?L:B,yand the |k%£,? a stem cell factor; Iemﬁia}%hibitory fggt(%r LiTT)hjj%cigstatin M (OSM);
erythropdiBaFPhABIdisHsRtipEsRNOfiRFIY)} frescie BRAMBOARMRARIIRE Heru oIS BilARAEAMM S des one
or more gIhéPristEBiRfOr KRG HRBDbMGsaY disHeSHIhaEINAY0RU): BhHRGRRHRG sHblwale
anti-oxidants {')nclude, but are not limited.to, N-ac_etyl-:i eine; glutathione; vitamin C; itiamin E; and an
enzyme Sufth 5P EAFAHEE, a&%&b@%&?&é‘%ﬁs?ﬁcutﬁs%‘f gopé%% asé &ny %“b“’esr‘é@n%&%%ﬁ% “f040]The
volume ofsthielpdikesiDmesalution thatpscasedirangenfsean docwt@ hmdidaiboun.1600akik e.g., from

bout 25 . b 00. . I, f
ot oog BRI Ml R R 1 A S MO B BB T T
from abotiit §6® Ruteatnniicaborro iR 7ANE 800 \insraahBuP 7m0 61, $roni-abatat7dosml to about
800 ml, frpra@hout SRPomEL0 Alhauk POOINY, REHAR AU IAR- Mk i3 1abest 19X ML IQQ4LI The

perfusion solution can be perfused into an arter Ieadln[?]js; the Flacenta at a rate of from about 10
mUminutE S IR SoBYRRIFRFRTAL Ve BlufierraBsir s bl Hinute s ul 280ntfnindii%rom about

25 mUmipkée to about 50 nil/minute, from about 50 ml/minute to about 8

[0035] As noted above, the perfusion solution can also include one or more of dissolved
oxygen, carbon dioxide, and an inert gas. Suitable inert gases include, e.g., e.g. helium, argon,
krypton, and xynon. The oxygen tension can be in the range of from about 10 mm Hg to about
200 mm Hg, e.g., from about 10 mm Hg to about 25 mm Hg, from about 25 mm Hg to about
50 mm Hg, from about 50 mm Hg to about 75 mm Hg, from about 75 mm Hg to about 100
mm Hg, from about 100 mm Hg to about 125 mm Hg, from about 125 mm Hg to about 150
mm Hg, from about 150 mm Hg to about 175 mm Hg, or from about 175 mm Hg to about 200
mm Hg..

[0036] In some embodiments, the perfusion solution can further comprise one or more of an
anti-microbial agent, a growth factor, a cytokine, and an anti-oxidant.

16037] Suitable anti-microbial agents include, but are not limited to, agents that inhibit growth
and/or viability of Gram positive bacteria; agents that inhibit growth and/or viability of Gram
negative bacteria; agents that inhibit growth and/or viability of acid-fast bacilli (e.g.,

7



WO 2008/156659PCT/US2008/007381 75 ml/minute; from about 75 ml/minute to about 100

mUminute, from about 100 mUminute to about 125 mliminute, from about 125 mliminute to about 150
mUminute, from about 150 mUminute to about 175 ml/minute, from about 175 ml/minute to about 200
ml/minute, fronn @bgutal®0 ml/minute to about 250 mi/minute, from about 2b9attiminmiesio about 300

mUminute, from aboyt 300 ml/minyte to about 350 mi/minute, from about 350 mUrninute to about 400
Samino G OBk JEOIR ot TSR ATHLRG o TE50 ABEALD IR AAD about
500 ml/mimhiteét $OOAR dAd mrotedidinovea armearna)atidnhpl Hikentuisapler fusiechistitivial peehtsion solution at
a temperature, of from about 4C tq about 37C. Eollowing perfusion.of the placenta with, the perfusion
Conuton, e e AR P R LR SR N e
tempergtaceibélii@dg@émlasgprateem.fmmmmnﬁgﬁx@s@iab@m-&ﬁﬁnmyégg.km'@mmUt _
0.5C/minyie {9 hRUELCIMIMIR R A0t im0 hAHE LECRIRHIG,Tgm:A0aH, 1 SC/minuie

to about 2C/minute, from about 2C/minute’to about 3C/miriute, from about 3C/minute to about
AC/minutBUBHAGH Heirubsmispitdhiaapericty mndat soikamy;, meoserriadipdasyistasis stored at a
temperatipe idam RIeME RIS RBG (RO GpdaiabRyE M fusad R{ads 180 n8 dn; #Qsa koMt -50C to
about -100C, from about -J%QC to about '150C, or from ahout -150C to about -180C. For example, the
perfused THERIGRTATURS BB'SISIRY M TRIGHITRI St (BRI He HEMIRRIBIACENR CRPHRLS e in any
suitable stoiage weniaiiias, eygtheristenti®siorafeiccntinatitidfersier ageheamtitansndeingufé
information such as the iden{ity of the.qeonate and{or the mother frlom whom thg %It%centa as

i
obtained ;n%ﬁe Uate' S%Wﬁgﬁa emﬁ acen ?%%SS %%Pé)lr{lé%gf &°C0 “B‘Ss? 617 6 1aebzfoér u%ﬁuég ution; and

the like. Pheranformidttionressmiveriabiudackinda RéaRbtyyolowetia, daplentinge. ghivnariited form on paper
or other mediif- i R2LEodR.H05m ;aHHq}ﬁy'ﬁ?)lféﬁ{.@uﬁagle_gﬂtﬁrﬁwggfa%%%@%tamﬁ ey, gic. The

information can also be stored remotely from the container, e.g., on a Ccomputer-readable medium

such as dMEHprSERABPRAGIAYATS HifskiGR BedREYE Viesiisant mDEnT RESsE RISEY wWabiblyebreserved

mammaliganpiaeesiasuaprisasdetaptgmgeagenitor cells. Fetal stem/progenitor cells that can be
cryﬁ&rgserved within a mammalian placenta using a subject method include, but are not limited to,

hettitBhoietic StEHP RIS IHERESFIHEEEMRMYMATSISIATERS A SRy Hetrdeeridansopiicantal
multipotgmbhe!és HRRMGs) ,ii’mﬁid::émb aymiﬁryﬂse:&tﬁmﬁﬁ@ﬂ&t&ﬂQ@%mﬁ&ﬁﬁmmdgﬁ@pfaserved
ctorn/prog St T BT B 8 (S0 & 9 LU OB & r J65 3 RBa 7. rom
about 10fattonfol-EXFY0Ne fadraredsott EolonPRtioivD2 0081 56658HE R S200800738 L
(IFN-g), consensus interferon, IFN-B, IFN-y, and the like; an interleukin, e.g., IL-1e, IL-1§,
IL-2, IL-3, IL-4, IL-5, IL-6, IL-10, IL-11, IL-13, and the like; a stem cell factor; leukemia
inhibitory factor (LIF); oncostatin M (OSM); erythropoietin; thrombopoietin; etc.
[6639] In some embodiments, the perfusion solution includes one or more anti-oxidants for
reduction of oxidative stress that may occur during thawing. Suitable anti-oxidants include,
but are not limited to, N-acetyl-cysteine; glutathione; vitamin C; vitamin E; and an enzyme
such as a catalase, a superoxide dismutase, a peroxidase, and a peroxiredoxin.
10040} The volume of the perfusion solution that is used ranges from about 25 ml to about
1000 ml, e.g., from about 235 ml to about 50 ml, from about 50 ml to about 100 ml, from about
100 ml to about 200 ml, from about 200 ml to about 300 ml, from about 300 ml 1o about 400
ml, from about 400 m! to about 500 ml, from about 500 ml to about 600 mi, from about 600 ml
to about 700 ml, from about 700 ml to about 800 ml, from about 800 mi to about 900 ml, or
from about 900 mi to about 1000 ml.
[0041] The perfusion solution can be perfused into an artery leading to the placenta at a rate of
from about 10 mi/minute to about 500 ml/minute, e.g., from about 10 mi/minute to about 25

ml/minute, from about 25 ml/minute to about 50 ml/minute, from about 50 ml/minute to about
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about 108, from about 108-to about 5x 10E, or from about 5 x 108 to about 109 fetal stern/progenitor
cells. [0046]Using an above-described method of cryopreserving fetal stem/progenitor cells in a
mammalian placenta, the viability of the stern/progenitor cells present in the placenta is substantially
maintained. woressaspie at least about 50%, at least about 60%, at leastebagtit@baradileast about
75%, at least about 80%, at le bout.85%, at least about 90% least a 95%. at least about
98%, or gt I&@’P%@%&%/@%ﬁ?ﬁ %Tfaﬁlg}létr%}ﬁr%bgoélﬁ i&t@)&r}) ggf S lf)l}le%%é:rl it Sﬁ%‘ﬁp?l;qt:oen gngg}lcl)ergoperfusion
remain vistislet filifowingicuys freseabatiol2asrdesitibed abuvel Jeonxanuplefrimmbtabdld®0% to about
60%. from Aau’ OYR.APAYTRN 1o ARAULIO S0, ARENL LIl AbOU A afiout 80%,

0, 0,

from about 80% to about rom about 85% to about 90 rom about 90% to about 95%, from

about 95%b28t 296 s teiorabeir? S8 val/ mimitss drea abgeZ 5o eEE Seerhgtot¥hitor cells present
in the plagenia, BRIGISRSHMRI900 B aimia RieioloWingERRRIRS eRalii @96 $hTikatabgve. [0047]In

some embodiments, the viability of at least a sup-population of stem/progenitor cells is substantially
maintain@BEIH0 Y B EcEem 2hert 4PCmyrst ehodt s il mimim a4 prabeitd dsing a

subject methadufas exarnphe, til/sgima«embodiments, the viability of one or more of the following
sub-populations of stem/progenitor cells, is substantially maintained: hematopojetic stem cells,

o SR el S EDar RS RS0AR B A D e P AT L R B RO GENITOR
CELLS FrOp4raRY RRESHERY ETUNMANMMALTAN PokGh harfoe4ds]dhhppdsentdrwigntion provides a
method of ohtaining;fetal Sig er%”?r%%%% li H?efé?e{%ﬂtac'&(%@f _%ggy&%mgga@%‘:%rbp@cwa- The
method gDeneraﬂy involves: a) pe¥J using a cryopresetved mammalian placenta with a stem/progenitor

cell colle¢remuisiitivierpmpiisiy wdurgdnt thatirdites shobilfzatiomatdste abaricUoriprgenitor cell
into a blopd vesaekie o SealitrRhatiSH QR YoM ine PiRCSBLR: 2pE/Raallqstingdhe stem and/or

progenitor cells from a blood vessel of the placenta (e.g., umbilical artery or vein). The mammalian

placenta ls>ohéimtssEppbprede e (RIRY R BBRE Al Rb A &eperb e miRuRdA PPatEnta has

Eeen ]perw@ﬁﬁtéﬁ?,&rgﬂmrssgmmat@wﬂﬁm%&aﬁﬂggceleﬁukargb?ndagggﬁ@di?tm@%azntg has
een iroz 2! .an a een siore t ate erature below e.q. elo ,, dS described above,
s ey, U B L B ST AL b TS AL S Sk S BSE RS PABS rom ~

cryopreséiAet{ vz mabanup bentd S0TE |H1ERENGE R esefirBbthaived, 80§C brabigint t@e G riperature of from

about 4C to ,e.q. f bout 4 a , 10C t t 3,5C, from about
15C to a@%ﬁ@@ﬁ%@ ofutlr %@G ’tgra%%ﬁa%&??%bri%Oogtg)t%%g%%%b(%?tr%%%%%m}}%bout 22C to 10
WO 2008/¢868590canid SR0bs 0788 s amndBe@efrom about 25C to about 30C, from about 30C to
abﬂ}@;@fl(_?, or from ﬁ@r@ﬁ%@”p%_&@rﬁ@@éﬁ B Qo%ﬁ?ﬁﬂ?@&ﬁ%ﬁfé’ %ﬁ@&@éﬁ%ﬁﬁeﬁ]@ﬂ?% kising any method,

e.g., placing the storage container that is holding the cryopreserved placenta in a water bath, and

bringing tHE'MIACORtAINE a ThmperagaerBiifshT ab dist ue ofammtionAach aothsdsatitnefynd vein of
the thawed placentaaigd heneaminatachna it edhaness obtained; the date on which the

placenta was obtained; the composition of the perfusion solution; and the like. The information

can be included in a variety of media, including, e.g., in printed form on paper or other
medium; in bar-code form; in digital form, e.g., on a chip or other suitabie medium; etc. The
information can also be stored remotely from the container, e.g., on a computer-readable
medium such as a chip or other digital information storage medium.

[0044] The perfused and cryopreserved mammalian placenta comprises fetal stem/progenitor
celis. Fetal stem/progenitor cells that can be cryopreserved within a mammalian placenta using
a subject method include, but are not limited to, hematopoietic stem cells (HSCs),
mesenchymal stem cells (MSCs), neural stem cells, placental multipotent cells (PDMCs), and
embryonic-like stem cells.

[0045] A perfused and cryopreserved mammalian placenta can comprise from about 10° fetal
stem/progenitor cells to about 10° fetal stem/progenitor cells, e.g., from about 10° to about 5 x

10, from about 3 x 10° to about 107, from about 10 to about 5 x 107, from about 5 x 107 10
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ptacenta is perfused with a stem/progenitor cell collection solution comprising an agent that induces
mobilization of a stem and/or progenitor cell into a blood vessel of the placenta. For example, the
collection solution is perfitsed into the umbilical artery, and the stem/progenitor cells are collected as
they exit thewmhitigasasesn. In some embodiments, the umbilical cord hassegemssemoved: e.g., from

about 50% to aheut 90% or moye of the mtf]'lgcal ord has been removed. 100511 The thawed
Al BRI LSRR 1 GBSt PoLT Bt ARHd e of ime of from
about 5 mismfespemtmutilshour, e.g., from about 5 minutes to about 10 minutes, from about 10
miptes to about. 15 minutes, from about inutes to about 20 minutes, from about 20 minutes to
N et o e R e T N
minutes, Beforaliab@lagotmihetashidinheithe Stenirmrtsenito0 5 isTivestinavwedicmdaeenilian placenta is

perfused yith the-aleinipraarnitarsel eollretion.sqlution 3ba, lampRiAlSE: hlom AloullG:to about
37C, e.g., from about 4C to about 10C, from about 10C to about 15C, from about 15C to about I7C,

from abodl® 7 &t {EastaerD 6T o £ Asath abRw B o Heri 2bevt 8. ablrastaou b dt B36t, from about
25C to akpyhB38Ys, 50 Baatadidh 89854002 R0 1a §46Eo OF J59M FIRLEIAG I ARRUES (S c40PpR e

stem/progenitor cell collection splution comprises.an agent that induces mobilization of%% stem and/or
progenitdfdBf RECRBRSIEF G BELEPOPFRIIECHARE IRUSHIDS I IRITREERTR S ARSITEPA 38K and/or
progenitdfealkintple, londhassHiwiitheplaconafivaiudenbad B ebblinTited, Hom hiveomsatble,
non-ionic_surf t(detergent)..an agen disrupts cel esipn ethylenediamijne tetraacetic
acid (ED‘?‘%‘;ﬁ%’}%%z%%neg%g&é@l%é@%&ﬁéftﬁrgﬁﬁg o iéﬁ%g Frﬁ%ﬂrlgg |6faﬁs‘rtr and%?%a ﬂf’leégests
tissues; abeuithfddyiopealficf60% telilaahdSivn naletheet, 20%d thabowh@$?ouo thath88Selloadhesion

molecule,,jphifiis ook adresionmegialed S aslk adhesian melasuls: ARd 2. piombglytic enzyme.

10054]in some embodiments, the stem/progenitor cell collection solution comprises two or more
mobilizati§maigensblaiopewing sk opressrvatiompodessaibest ahavetem/progenitor cell collection solution

cofpg4iges a biogpHRatiRie RN ithsWiAGIANLARN ARNANTR M B HIY 8 BlRtSPHES iloP el
embodiments, the stem/progenitor cell collection solution comprises a WO

2008/1568 8P ERTSLBORIBTFS L TSLBATEOBIES REHITBRE SHMATRER AL SEH DA A8 specific
for a cell pidbasionsinglecutgeanstdtinid Wharekanpid, ttr $ieneahiddasiansmadeaulsliin bitsis eell adhesion
mediated by the cell.adhesion molecule. In other embodiments,, the stem/pragenitor cell collection
colution CATEOHLE LR DA Aol oL SETHACCRT AR B I AR D SRR R an
antibody theiatespetifitdorcal e astnesionainstec okél g addmayralsembauisd to the cell adhesion

moeculenatinst SRRERALRERIPRAVENTGR CREDE ISR RCES RTRINAIIRR Of

mobilization agents can be included in a stem/progenitor cell collection solution. us, for
example Fihas@ME4embodiments, a subject method of obtaining fetal stem and

[0048] The present invention provides a method of obtaining fetal stem and progenitor cells
from a cryopreserved mammalian placenta. The method generally involves: a) perfusing a
cryopreserved mammalian placenta with a stem/progenitor cell collection solution comprising
an agent that induces mobilization of a stem and/or progenitor cell into a blood vessel {e.g.,
umbilical artery or vein) of the placenta; and b) collecting the stem and/or progenitor cells
from a blood vessel of the placenta (e.g., umbilical artery or vein}. The mammalian placenta is
one that is cryopreserved using a subject method. As such, the mammalian placenta has been
perfused with a perfusion solution comprising an anti-coagulant and a vasodilating agent; has
been frozen; and has been stored at a temperature below 0°C (e.g., below "50°C, as described
above; e.g., at or around "150°C, as described above).

{0049 To obtain fetal stem/progenitor cells from a cryopreserved mammalian placenta, the
placenta is first thawed, e.g., brought o a temperature of from about 4°C to about 37°C, e.g.,
from about 4°C to about 10°C, from about 10°C to about 15°C, from about 15°C to about
17°C, from about 17°C to about 20°C, from about 20°C to about 22°C, from about 22°C to
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progenitor cells from a cryopreserved mammalian placenta involves: a) perfusing a cryopreserved
mammalian placenta with a stem/progenitor cell collection solution comprising: i) a biocompatible
surfactant that induces mobilization of a stem and/or progenitor cell into a blood vessel of the placenta;
and ii) an er¥praegiasdigests tissues; and b) collecting the stem and/or BrSjERRGE/EEIB8rom a blood

vessel of (i, PIAGENKA, 1, G0 PYSINARK SINATEDY ArehbiRscIplidinuobves abpetluing a

cryopreserved marhmalian placenta with a stem/progenitor cell collection solution comprising: i) an

effective HifoumabsuyfoXspdhaekydpsseared phreehtt digesedistns snumpirdoRdctiplg e Ytem and/or
progenitqf:6lls {rami Hae R NSRRI 1B 89 dPrEiBRIAy REAHIMERAS Bbicshdnaiher invelves a)

perfusing a cryopreserved mammalian placenta with a stem/progenitor cell collection solution
comprisiRg? _ * ; zyme that digests tissues; an

iSRS H tefdeRsTaMLH: BRI RILS £06; 144891t AF hat di i d b)
cofimsing the stene anRekpaRIQeRNdPMmeelaWeaplacinoyessetaiiiapiiaadtme[RSGIAS another
example, in some e%d&neg}t:s, a supject metho?léof ibtaininglf(tatal stem and progeni%% c(ells from a
cryopresRREG RIS HIHLR SEMRTSRUIOL B HOESH O SRIEHPE SORBUSHRE Hhishah Bhcenta with a
stern/progenitier mebitialiectiof seleticmdomprgimita biticamopeitiblel sestet inththpikaediscegomobilization
of a stem and/or progepitqr cell into a hlgod vessel qf the plac ’ et Sieqyapd/or
progenitoerx %@?gefr%hren%g % 8%0 vsgé%é %%stﬁg%ggz%?ﬂ%g%é ﬁ%ﬁg%ﬁé@ﬁ%ﬁt&%{ﬁ% stem/progenitor
cell collectidnasokalimatedasphsiner driberumphbor atitigda eptivserabodinee ot ciifeemhyigabosiem and/or

progenitqf,clls,fromaflood vasaehrbihslaceiaml98 dnoihaseRpdimRaIS Raiismethod of

obtaining fetal stem and progenitor cells from a cryopreserved mammalian placenta involves: a)
perfusind@®¥f&hreserved mammalian placenta with a stem/progenitor cell collection solution

comgRiging a biqeempaliidlenskriacianidpaiinddcasiehitizatinoehacsiem estiondregetisarteell into a
blood vessel of the placenia; b) collecting the stem and/or progenitor cells from a blood vessel of the
placenta2d°HEHE iﬂﬁletr?f éﬁ”\ﬁ@‘g %ﬁ&é%@ﬁ@f?H‘%ﬁpof)gﬂ%%ifg%%t%éﬁ%%ﬁﬁoaamm
stem/proge niiaues) | featiedtian Kbhitoneseongirising’ aniwnzyniethabcigbSiniissers, geaelating
enzyme-digested placental fissue; d) mechanically disrupting the 1e-diges lacental tissue;
and e) corﬁec?ﬁsg g%e%?eﬁ?(%éﬁl o ge st?reg)rﬁ‘{ﬂgg?rﬁ}é% %?fi%raﬂg |§F§§t6ekéq}§g%egr%a%%(lgb%5 1Method of
mechanicaiiyidis fgtirapentid8usiartek Hovhouh Ih endnvtesn drahgrkabvh I1H etidasdn St to

mechanically disrupt enzyme-digested placental tissue. Suitable methods include, e.g., mincing,
blendin?, etc. Mechanical disruption of enzyme-digested placental tissue results in a tissue mixture
U

th&¥988ludes pldderbavdimpmnsdierirasitng pradestartiedhe strradessai e salstidHom the
placentakgglisoinsUspepsiamycpassiibiie 4Sue hbireetrodgi-oncapware SieiRet @@C meshes

of various pore sizes ranging from 50 gm to 500 For exa , the placenta) tissue mixture can be
passed r &@SK} ﬁ%ﬁ&aﬁ?&}%s(gf%?@g%@éﬁ |ycs‘i%3h8¥*‘;;%2‘!é8 5i28" uar% uéﬁs%asﬁii% ())/uéll tissue is
removedatd a@lackaialodll suspenIDH(cromsibgle208(T suspensiSHf hashebnuwBtdided. [0059]A

| tal cell ' [ o ifi | st ' I th
pacenic ol ASPETS S Pl o o Smreorigglone oo otr

placentalacthypes’, inclu ing, e.g., epithelial _ ' _
fet@i0SEM/progeititortonlisograitare glosdntivnteplueenaimat st peeidint cadrbrs separated from

fetal sterg/BrogeRitar fellshy 8{19&593@5%&%%@1?@&@%%%Eafmm@@d@g%&@d%h@se@mfugaﬁon;
e

elution; positive selection; and negative selection, using well-established methods. Density gradient
centrifugaf@mﬁeﬂm%@t@@9&@1‘é&ﬂmwﬁéf&ﬁ@%@h%%gmm&é%mﬁsﬂdﬁéaa@la?s%mc ude,
centrifugatioricand kaakeo 10063 Rincrahes!isatherthamictrl semprapenioticeiBsihat are
present igeti?g hleas‘%grgtg.lg., ethylenediamine tetraacetic acid (EDTA); an enzyme that catalyzes the
disruption of cell-cell interactions and/or that digests tissues; an antibody specific for a cell
adhesion molecule, and that, when bound 1o the cell adhesion molecule, inhibits cell adhesion
mediated by the cell adhesion molecule; and a thrombolytic enzyme.
[0054]} In some embodiments, the stem/progenitor cell collection solution comprises two or
more mobilization agents. For example, in some embodiments, the stem/progenitor cell
collection solution comprises a biocompatibie, non-ionic surfactant and an enzyme that digests

tissues. In other embodiments, the stem/progenitor cell collection solution comprises a

11



cell suspension, can be separated from fetal stem/progenitor cells by positive selection, negative
selection, or a combination of positive and negative selection, using methods that are well known in
the art. For example, one or more antibodies specific for one or more desired fetal stem/progenitor cell
types can bewzoripledstesan insoluble support (e.g., a magnetic bead) to irntTobstiaesilsesantibody; the
immobilized antibo%}/ can he contagted ¥vithdthe Itat():e t ctell suscpfan?oré;c%ﬂda Qg%%netic field
applied, B PEERIER LA FGIRE BRE T RGP ST fef B Brogeritor call types. For example,
antibody tw D84 aeinttze, stuplbduadamtbgemstisdbesidn tine lirpwho hilid bids antiodiyseemrdgseitacted with

he pl I nsion: ic field. ' 4 f .
the plac %%‘%éi?H&ﬁ’&?&ﬁ%&%@%@éﬁf‘%&“Erﬁ'ﬁéﬁfl(;ﬁrl%&rl{%Qhé%tgf}cff XEBAES#%%EI Qb1iEabHSCs. As

another example, one or more ant es specl esire types (e.g., fetal epithelial cells)

can be céahiéenteoarpirssiubiecomnssit!ce npn-doniaghetedtaan eoammechiiZheeis Astisaiithe

immobilizgd, antibadnseR Hraaetartedaithibeniacaptal callsuapsnaianoand @ magaetic field
applied, to negatlvelégselect for and remove the undesired cell type(s). 13 WO

2008/ 15GEBePERTotesblss JBbPAS £ AEBTROR BRI e iShEHE S0 B atible”

non-ionicsufaciashiceap thataddtheseneantationiarann! wsachrégastent dubsiactiady reduce the
viability of a fetal stern/progenitor cell. Biocompatible surfactants, e.g., benzalkonium chloride,

cetylpyridi iﬁtr‘r?rthloride, an alkylaryl polyether alcohol (e.g., tyloxapol), various polysorbates (e.g.,
po[gésshate 80, Palyshnbaten?dy, ancbfurttrebpdiyethnratatee-sulsshad of o bmthipgl dtahsers tady.,
poloxamer 282). Bio atible surfacta iﬂd{g? -nonioni ionic, ionj itterionic
surfactar%?%u|%85F§qr%%%ln?ccgl?ﬁé%st%rﬁt§ inclu § 1@3{9 zﬁ%%%ﬁ%%&%stgp Farlgg'gr/l_léa\?ed monoglycerides,
diethyleneryppeeiemod ostoaratinatlakaie witca Sreousesaitaecyrdisating sebleercogipesng:
mOﬂO“Egﬁ%&&%ﬂ%% SYERLNCRASIRALALE BBAILARKESIE SeMARMPEOhRIEAIRIE AGnfHacrogol

stearate 2000, polyoxyethylene 50 stearate, macrogol ethers, qetomacro%ol 1000, lauromacrogols,
nonoxinoRoet ieTh R WadNapEapansdaR @ ZyaK iR Idessdiss e Bhfe s g8 heotisBte 40,
polysorbateifR ppelysaraig1S oRolysrdiniesss, dTahissideaifad In sarbianynenohbiaiae sQebitan

monooleate, sorbitan monopalmjtate, sprbitan monostearate, sorbita sesqauiol&ate, sorbitan trioleate,
%?1%]1 nta with 2

sorbitan USRS Qﬁ%llre’o?@ RS TG RREET R SR RRERRP S oIS hie surfactant is
tyloxapolsiEpliprapatiisacdiColiR:;Beratrmutietkphoptid g heaot ffotyivieamdatmedt yiémepxide dnjl
formaldehyde (also . known as tyloxapal), Ly iS;al n i In.these

em bodimaexrfg,z%ﬁlgxtggto#}l, efz)&rsets%esrlllf in %Hzé ];sr)tégrghi;%grici))tl Sr%t%ogr%:{gll %%e@fgééﬁﬁ%?glié §%§;11E:entration of
from abobto2d megsel tolaboers0Dla AmkogimarabbiscPmeryd iy abystie bpemighngfiom about 50

ma/1_, 10, AROKLLON MG KoM ARALAIQ MOAL O AROUE AiRY B2 Lo kb ARBHEERQ SRgsigAbout 200
mg/L, frorqn about 200 mg/L to about 250 mg/L, from ab%ut 250 mg/1_, to about 300 %LS fr%am about

300 mg/Lx8EERREySERYINt tFoMVibdEPasmeilyensemat BobdeeIE YrohisBatle0siiRg 0 about
450 my/LinerfEamiabiorhhaenme bl 3k B malksfQaa8H pietbeaembodiments, the

Stsargaenior celtmobtizaion aqentic 2 CXGIA AN 2Rt AHE 37 AYRASAG0 LR depvate o

phenylengnbisf{ogetindeos)d foisnls 418 dbtetetradzaeysiciéiragiecane jrisdescib edrinsthga Patent No.

5,583,131. Also suitable far are derivative ] .described in
s par R s B B B O e
present in thecstenatprisganiastané lhebikediion Dokilisnian @ o Aesnantenrse BEMaEBNED ing/L to about

500 mg/Ly, 6.6 QR PRk &%%?%@Mﬁhéqge@%J%%P&g%@@d@l%&%%%&@@ﬁ@g/h from
about 150 mg/L to about 200 mg/L, from about 200 mg/L to about 250 mg/L, from about 250 mg/L to

about 300 PlarsHRaBbRR B L HESISTE FOE ~ASSHRIO8RNF P38 S6H PP t8!4BRRt 350 mg/L,
from about 350 g/ brieraheist HOQiIReds, iermesabed A B8l Inghs thehent Ablomgidgdiifiorsigbout 450

mg/L to a}ggr%tf&%o Yo PR Placenta.

{0057] In other embodiments, a subject method of obtaining fetal stem and progenitor cells
from a cryopreserved mammalian placenta involves: a) perfusing a cryopreserved mammalian
placenta with a stem/progenitor cell coliection solution comprising a biccompatible surfactant
that induces mobilization of a stem and/or progenitor cell into a blood vessel of the placenta; b)

collecting the stem and/or progenitor cells from a blood vessel of the placenta, ¢) perfusing the
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[0064]Suitable enzymes that can be included in a stem/progenitor cell collection solution include
enzymes that digest tissues, where suitable enzymes include, but are not limited to, a matrix
metalloproteinase (e.g., a collagenase), trypsin, chymotrypsin, papain, pepsin, proteinase K, a DNAse,
dispase, caryaxypgpticiase, calpain, and subtilisin. Suitable thrombolytic eqzymessthatsan be included

in a stem/ roegfnitorhcollecti n soluttion#f%(g e, but age.not limited.to, stre tokin&s&yr‘:%%(inase, and the
like. AntiBoH e ARAH BRI SHREEiEH | KRISOHEL RIS TGRS Ihta S&iprogenitor

cell colIeccﬁsues,(gﬂﬁenatipgIem@mn~dfgélgmdpmml§muéfjd}mah@ﬂmﬂheﬁmmm@mhat, when
bound todhel adhesienmuleguie, bhibts sl adheslonmediloydaci el adiggion molecule

Adhesion rfiolecules include, e’g., ar intracelltilar a eSion molecu CAM AM-I); a vascular
cell adhegionpiediotadenty CAM; CD 106), a platelet-endothelial cell adhesion molecule (PECAM); an

intagyiy; a cadngsin, andraseleait HyANHRRMY dhak-spesficalhibinds-oAr adhegimmolecule, and

that, when bound to the adhesion molecule, inhibits cell adhesion mediated by the cell adhesion, is

suitable fBiethsy e hsrasesl irmsshisparll Siepicnayaadiasstse pesen e taemSuiiody" includes
?ntibody Qfe?ﬁﬁﬂ@fﬁéﬂﬂlﬂyé.i'gﬁgﬁdgegigpglngﬁatiMéim 'i%gﬂ%ﬁ?ﬂ@h@@ﬁb@ﬁlﬁﬁh aagw&anfir&ding
ragments of a monoclonal antibody (e.g., Fab, Fv, sgFy, and Fd fragments); chimeric antibodies;
omanizd i SHHIBLUTRR S B A S HES M O RESTBtE s ey tgenttor cel
collectionpbaiertiantcemp Miesacaafe st phatisddicas i phbitizatid nedit anstespeasidiobppagenitdrecell into a

blood ve%sses!lgfﬁtl?xc% lgéatgre&}ah'cl;he stergr/gg? enitor cell ctg)é!segpon solution can further cfcgan)?%e one or

more components, e.g.. a growth factor: & cftsdlgﬁé’;rgﬁs_’agent‘fﬁg??rﬁ(?gé%glzdﬁﬁéar%%ﬁgtlon 0
stem/progenitob e lmanfantarmishiht aipsantal grsvetimfabior candyaoksisest eredjodb7isoigble cytolcines

andior oylhleciorshal e beaEked in e Ubsian Aty nnbilecpiae gl micd o, a

colony-stimula e.g., colony-stimulating factor-1, granulocyte colony-stimulating factor
(G-CSF), RyFsHind S5t HIBEREITRA §€- c O~ SHAIRRIAGIPaL S (SR e ayehegakaryocyte

cokpoyegtimulatingriactatalareinigsferebntth itaderanaddttiN @) raansensus jeterde s |ohk-3, IFN-y,
and the like; an interleukin,

eg., IL-la, IL-113, IL-2, IL-3,.1L-4, ]L-5, 1-6, IL-10, IL-11, IL-13 and the like;
a stem céll FARBTEERARTAH ?tB’r?ffa&iS%”ﬂH’ﬁ);%t%%fgﬁ‘ﬁ%f%%ﬁﬂ%rkm%? Btk “tdmbopoietin:
etc. WO PoS#hd 68500heT A28 08 e 38420168 At} sl e -a rmnabhidlaglentatiickitle, but are not
limited to, p-lactam antibiotics, e. enicillin, derivatives and,analags of penicillin, gephalosporin, etc.;
carbapense'?rgﬁ)s&;n 5%%8@3%033%%%}%5%%%% osgﬁ%ﬁ{o ﬁ%‘%‘a%;‘}%%ﬁs,% n%%ﬁ% fﬁz%r;er%g‘grbo%légegéntibiotics,
e.g., erytiaeptrifiegatitylogensiyogrshot emitrilyeatiieidih imuaotive salevapmp hedhiegdatiyamphenicol;
fusidate saglitgy, i pGaEWEINCRGaRRY GHRRANORIRG: ARLYIMYXINS:FR MY SRESIRAMYs i)
tetracyclines; vancomycin; teicoplanin; streptogramins; anti-folate agents including sulfonamides,

trimethopHiPais ERdisaiisrRitbrertrr Bitinaghssmidiea) senbitugatinm crstidng ketuding nitrofurans,
mgtigoamine mapgsiateancometienamine:binprsataibitieIn]draclrsHesaolings flaespguinolones,
isoniaZid’cgitlhs%rsnp%gts?(thP gg ingen};ga%’ed from fetal stem/progenitor cells by positive selection,
negative selection, or a combination of positive and negative selection, using methods that are
well known in the art, For example, one or more antibodies specific for one or more desired
fetal sterm/progenitor cell types can be coupled to an insoluble support (e.g., a magnetic bead)
to immobilize the antibody; the immobilized antibody can be contacted with the placental ceil
suspension; and a magnetic field applied, to positively select for the one or more desired fetal
stem/progenitor cell types. For example, antibody to CD34 can be coupled to a magnetic bead;
the immobilized antibody can be contacted with the placental cell suspension; and a magnetic
field applied, to positively select for fetal HSCs. As another example, one or more antibodies
specific for undesired cell types (e.g., fetal epithelial cells) can be coupled to an insoluble
support (e.g., a magnetic bead) to immobilize the antibody; the immobilized antibody can be
contacted with the placental cell suspension; and a magnetic field applied, to negatively select

for and remove the undesired cell type(s).
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para-aminosalicylic acid (PAS), eycloserine, capreomycin, ethionamide, prothionamide, thiacetnone
and viomycin. Suitable anti-microbial agents include those that, at the concentrations/amounts used,
do not have significant adverse effects on the viability of a stem/progenitor cell present in the placenta.
100691 The walleatgasstem/progenitor cells are viable, e.g., at least aboutr80% s atoksastsbout 85%, at
least aboHEGQOg{g aﬁtiﬁast %bo}%t 5%, at least about 98%, or at least about 99%, of the collected
stem/progen‘ff’or%ae ST Y lability can be determined using any standard method, e.g., uptake
of He8H such ag propivieibicditea i taden uplbyait adoveltbaimnt et substantially by live cells.

100701 The,reaauery abl6ial sl Maaepilahaalis o n e iRceniai Bihggnae of from about 50%
to about 100%, e.g., from about 50% to about 60%, from about 60% to about 70%, from about 70% to

about 75SEIVHIREEBHAT 78 cRipearapatddesurfarintiotesbone! kesuresueriensAeYHEBIATo about
90%, fromnahoid F0¥ARPOMI9aKer HRELANRY. I394x0 81 OV R XOp SY S RAD AU 98% to about 100%.

For example, the F%gaortion of the viable fetal stern/progenitor cells present in the cryopreserved

mammalBH e A e KrarPatodRhatid SHY S BoBREDRIGIRS S O SHRNES RRYROUPRBIF 6okt 50% to

about 109%o:easher ) aBostcnPHitdeaheiit KA iftbmeateeibt 60 % -koako inl O % drommebonic/ 0% to
about 752,/{’1%%%”1 ab t7§% to about 80%, from agg;t gO% to ab?ut.SEf%, Hom tal{)ou 85% to about
SPGB P ISTAC A R e asAT S M G OB Sr S n TS5 ER 886 to about 100%.

90%, froma
[007 13 Stewripphypenides.cblis eioie gbd drommtepopeestiniedergbrrhalme ptaceatglysing a subject

method fe i "cO k it PRI I d ogenitor
cell popul e e e oo
90%, at |&&3taHHLR.IB86rwclctetralsAN0Ggpe e ledsra b B 5t9o9s. o st ¥ilisEsgenitor cells

obtained ysigag-sptigebmeiiraatsRiR! b asigitiVVheRaidRe colspind-SiemRIRESUiNiGglls are
fetal can be readily ascertained by determining the |dent|%/£b16 WO 2008/156659PC1/US2008/007381

of a majot FRB@ERAIERHAS thmelysorbeied&) ol inebatsblbe Y aebate fypprolsnitc8ls. Where the

collectedsiBivibagen|tairbrts Ashbildtiae, bieanmieadiiyAstasming woatpansiieh, colisiare fetal or
maternal bX determininAgﬁ%he identity

fa hur‘gan Ieuﬁoplyte antigen HLA% on the surface of the
stem/profJERitSIFEEIE SRAPRAT S ‘Fﬂﬁﬁf’gﬁﬁdgﬁ’@o ST LTS OS iy RRG68E specific for

the@6Byen(s), dihsrmsastbaditizoticthanereadidysanfaiiable s Eoveparin ply|dhepahtibothy Ica3,be
detectab irect indir ) indi f I I tibaody detected using
iy of 2 e g
immunohigtexsrebichylwseay! Bridseieniivg 00 729THER Alser loftBeserpremitotscetisxhpridan be
collected (RRIAING A ITQBmAFSYORIES SN IR VL L INAMMAN B RIEER I 81865 OFNaRAuLA06 fetal

stem/pro%fnitor cells to about 109 fetal stem/progenitor cells, e.g., from about 106 to about 5 x 106,

from abotft B 6845 &0t doForroihonbotitngs? to 2yt 8 saby feahibmb isnedotr abaout 108,
from abowbd 881D, #oxbbostlOB, MEromBbeut £xb08, oabebik0S fetalstemiregeuieaells.

0TS SR LI e s Bem et ol popuin s et
CD34+, &t mai atsabbet 368itivglfofromaboundié mgditioreiomatersgd giranearumid@afLD38.,
CD90+ GPARR SRR, AMLHRARk: 356,581 16 Shiasie zgd as
0063} In other embodiments, the stem/progenitor cell mobilization agent is a CXCR4
antagonist such as AMD-3100 or a derivative or analog thereof. AMD-3100 (1,1'-[1,4-
phenylene-bis(methylene)]-bis-1,4,8,1 1 -tetraazacyclotetradecane) is described in U.S. Patent
No. 5,583,131, Also suitable for use are derivatives and analogs of AMD-3100, e.g.,
compounds as described in U.S. Patent Nos. 7,169,750 and 7,183,273, AMD-3100, or an
analog or derivative thereof, can be present in the stem/progenitor cell collection solution at a
concentration of from about 50 mg/L to about 500 mg/L, e.g., from about 50 mg/L to about
100 mg/L., from about 100 mg/L to about 150 mg/L, from about 150 mg/L to about 200 mg/L.,
from about 200 mg/L to about 250 mg/L, from about 250 mg/L to about 300 mg/L, from about
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negative for various lineage-specific markers (lirc). HSCs can repopulate the erythroid,
neutrophil-macrophage, megakaryocyte and lymphoid hematopoietic cell lineages in vivo. In vitro,
HSCs can be induced to undergo at least some self-renewing cell divisions and can be induced to
differentiate toothasamadineages as is seen in vivo. As such, HSCs can ke ingkraeghiofifferentiate
into one qQr. more_of erythraqid cell egakaryogyies, neutrophils, macr pt}ﬁ es, and | hqid cells.
1007 211m SRR AL L P Bt aP R B o To R AL B scem
cells. Neuwsalbsiersoats/ (Y 5% @ eboapablargf/difteteniiadbpnmi®.neurons, and glia (including

oligodengggc tes, and astrocytes). A neural stem cell is a multipotent stem cell which is capable of
Vi

. mes - e .
multiple ons, and under specific conditions can produce daughter cells whigh are neural stem

cel@0@tineural Srotpdiiterayoiiestthat c_anﬁgénwmt@bia_gtst@ngmﬁhiétgg @@@.Q@é_ﬂgigomm_ to become
one or m%@l&ﬁ@%ﬁggﬁﬂ%@‘ﬂﬁ%&ig&q ik cellfesnaatiely, Meteds RiobirIingAnchaulysing NSCs are

known in the art. [0075]In somé embodiments, the collectéd stem/progenitor cell population comprises
mesenchifErsRsI G lnase o By 4P 8RB IME ) CBMBIRF de RYRAT 8RR He embryonal

mesodermaspisolatabiBeaditRenarbariavhkrRiedifasemtiate tbanmmssligpleone, cartilage, fat,
marrow stroma, and tendon. MSCs can be characterized as CD90+, WQ L

0081156 ETPR P IR P 5 B ORI B FREF PR SOUOE 919 B¥a-. and
CDA45". Methads$isttisblatineg:prottianitiinckMSE ate dhadika.in the art; and any known method can be
used to’\?‘%t@kr%l\ﬂ%gfg %“%i%!, Lél dh(ﬁat. No. 5,736,396, which describes isolation and culture of

human eealso, e.g. dqieudhiet an ((2004) Stem Cells 22:649-658); and in 't Anker et al.
((299BFIStem CelgiRodi33Bal b he100RE¢hinersieaiploadimiencs!ltbel lcotlet sdustemifsivdesitor cell

populatiog,eamprises; mplipetent B'@&?%ﬂé@ﬁﬂ\éﬁglwﬁg%ﬁ%ﬁ Usn MRG58 R auead oy

differentiation in"vitro into a variety of cell types, e.g., adipocytes, osteoclasts, hepatocytes, etc. See,

e.g., Chignodecatleinbiits sebmdbesismmeniaiodbpsdy, sl adhesinecnodestien/pdigeimorelsrsiean be

further mapipuiated inAmai-avarisinQioMaxsictak examiedbe roAesied steripregenitor cells can
be sorted, to obtain a desired sub-po§ulation of cells, to remove any residual maternal cells, etc. The

stem/progBriBPtRRIEHls b8 cOHMaGBA IRt it esmenthrlah ifATamm MAEpS SRS 4 cells
from diffeseniiatifin, Deaditbrian AgientdhatiinduceamibieinipaogpaitncaeH smdiffereniitiesioio a desired
cell type(s). .The stem/progenitor cells can be, genetical odified, e.g.,,the stem/prqgenitor cells can
s e e D e R R b 2
factor, a ¢itckihedizebloodsclatdhty @ctuﬁqoS@thei $hdrapébﬁdim)aypépﬁdm_. @H@@témipedgéﬂitor cells
can be St gl IRLRRRY AL LG WELAITRORRLRN RiSE IS hD adsiignfyaar more such
manipulations can be carried out. For éxample, the collected stem/progenitor cells can be sorted, then

cultured Wighegloagetitibriinfaaciscaadngfmament af fespagcdemrhpsRodne gnditeridxample, the
collected gtemiproae npmealls; cheic ukiredivilh AR.acentihaldaducas dfferentiatipngben sorted.

100781Methods of inducing a stem/progenitor cell to undergo differentiation in vitro are known in the
art; and a‘ﬁ?/ known method can be used. See, e.g., Odorico et al. ((2001) Stern Cells 19:193-204).

{0066] As noted above, the stem/progenitor cell collection solution comprises an agent that
induces mobilization of a stem and/or progenitor cell into a blood vessel of the placenta. The
stem/progenitor cell collection solution can further comprise one or more components, e.g., a
growth factor; a cytokine; an agent that induces differentiation of a stem/progenitor cell; an
anti-microbial agent; a growth factor; a cytokine; etc.

[0067] Suitable cytokines and/or growth factors that can be included in the perfusion solution
include, but are not limited to, a colony-stimulating factor, e.g., colony-stimulating factor-1,
granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating
factor (GM-CSF), megakaryocyte colony-stimulating factor; an interferon, e.g., interferon-a
(IFN-g), consensus interferon, IFN-B, IFN-y, and the like; an interleukin, e.g., IL.-1q, IL-15,
IL-2, 1L-3, IL-4, IL-5, IL-6, IL-10, IL-11, IL-13 and the like; a stem cell factor; leukemia
inhibitory factor (LIF); oncostatin M (OSM); erythropoietin; thrombopoietin; etc.
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100791A subject method can involve: a) inducing differentiation in a collected steal/progenitor cell
population, generating a mixed cell population that includes undifferentiated stem/progenitor cells and
differentiated cells; and b) separating the differentiated cells from the undifferentiated cells. As one
example, HS@s sagbasaduced to undergo differentiation in vitro into a vagigty @heifierentiated cells,
including, e.g., neutrophils, granulocytes, macrophages, myeloid cells (e.g., B cells,. T cells), etc.
[o(fé'@%,ﬁi one exHE PLIBIEAHRLARGA TR PVOIDE! 4T HehHratifg PrSCa RSP SR of
collected sirizilfirpdesnitaiwes imdanalopinsyemgitifeceptiatomah the Hedspatemyeloid cell lineage
cells, or somr(laoofhggsli leage. Vt¥<9 %%O%%S 659PCT/I§1§d28l0quQ7381J?QS%J’?A%.a{]other example, a
subject method can mvdlv’g:"as) irP&umHg c’ar%?%%ﬁbnessﬁn‘ aep%lﬁﬁ atbh By o el%stb%%tem/progenitor
cells, gerepabiregnsiomixptbpopeikatibacofasiniffersntidiedistpimdellsidocmahdimonfocytes; and b)
separating, cardiomyacytes from i nqis lat !1'38[‘3: rdi e .he separation step
can invoIv_e1 co&tacting’ the mixed ce ’popg%?g%{?w%%‘ an ﬁ%g@@g&%&%@éﬁ%&? i’om_yocyte-specific
cell surfaBéaRAPis: SRRSURSTAY Gal setpeygliak s iRNODBATF driespiante stppies@atam dntirielisulture
conditiongggalemeah £anBRmce o Jiflpraatateinid AneMianaLae!h AR atacue, an

oligodendro%e, or a neuronal precursor cell. As an example, a collected stem/progenitor cell (or
populatiofY BFEH AR bR Bring HEndyean B baneminG A iRk at e rgamis that bind

growth fakiguRes pitks iodaremateensiehm enidegiRiviahes SeuUhsl €l EamhbetelyiR-atviidament may
contain a neural cell ﬁrléyf)grtiv%%%cell lar matrix, such as fibronectin, Other methads for inducing
! an ar

Qe CaIFh PR RPERLTABREIY S SN InP R ROt R S atent No.

differenti&fion of 4 Ste uron
6,887,706iarmlalzh & BatentiNoiY, BlilaBRGarlarkerd el iterashiriciedbpiruthateanttelimited to, -tubulin
11l or microiubille-associated, in AR istic of Qlial fibrill cidic protein
(GFAP), present%n qstrocytesp;%a éc?t%())cere arosﬁﬁ%%§§§€%%§%%§§§:tg%ﬁé%??ﬁéﬁ% characteristic
of oligodétrdupeesifeatihrsesvridadhe, rlaggaeristic of neural precursors and other cells. A mature

nepyggy! cell camhegnaragiaEzestbyANARRIINY IR SXHRSS 9NG: MR IBERE sloMI ofiMasShoogeven, or all
eight of: 160 kDa neuro-filament protein, MAP2ab, ?Iutamate, synaptophysin, glutamic acid

decarboxdRaeeAt¢SADFPRHOERR A FASkRR S& A IeaatPEaHh ik O Re ehscreriialed cli§%orming
neural pregistied aeltsprpdrancalls andiostgiahaabzicataalse he-chasadiaiizedysaxpressed markers

characterirgé'{g 0 gifffal{len;@igp C "es'ch eaisn }/(gtr%igliffer%ril |at% .g ) culture can he identified by detecting
molecules sué’é’asgrha?f(ers of tﬁ% neurosctoderial iesge, ?}ﬁaﬁ&%%l%? HBE%?&?S%&?%&S?%EH&,
neuro-filasvedapratgibe iviARRab, glutamate, synaptophysin, glutamic acid decarboxylase, GABA,
ey B A s ok -2
staining. Fegaidcotexiooddis. arpiiere rhampil% totketed08te fgmabenittd el ehoatgofulation of
collectedfrom about 70% to about 75%, from about 75% to about 80%, from about 80% to about 85%,

from about 85% to about 90%, from about 90% to about 95%, from about 95% to about 98%,

or from about 98% to about 100%. For example, the proportion of the viable fetal

stem/progenitor cells present in the cryopreserved mammalian placenta that are recovered

using a subject method is in the range of from about 50% to about 100%, e.g., from about 50%

to about 60%, from about 60% to about 70%, from about 70% to about 75%, from about 75%

to about 80%, from about 80% to about 85%, from about 85% to about 90%, from about 90%

to about 95%, from about 95% to about 98%, or from about 98% to about 100%,

[0071] Stem/progenitor cells collected from a cryopreserved mammalian placenta using a

subject method are also referred to herein as “collected stem/progenitor cells” or “a collected

stem/progenitor cell population.” The collected stem/progenitor celis are substantially fetal in

origin, e.g., at least about 90%, at least about 95%, at least about 98%, or at least about 99% of

the stem/progenitor cells obtained using a subject method are fetal in origin. Whether the

collected stem/progenitor cells are fetal can be readily ascertained by determining the identity
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stein/progenitor cells) can be cultured in the presence of a hepatocyte differentiation agentto promote
enrichment for hepatocyte-like cells. The growth environment may contain a hepatocyte supportive

extracellular matrix, such as collagen or MatrigelTM. Suitable WO 2008/156659PCT/US2008/007381
differentiatiowagenississtude various isomers of butyrate and their analogs;exsmmplifiessby n- butyrate.

The cultured cells are optionally cul imultaneously or sequentially with a hepatocyte maturation
factor, Uttt DGR R A BT ET S R A AR PR i as
retinoic avitleertheoytbikine stehpngaesisuchlase Hlucacorticch epiibrdwatmrowtivifabors(EGF),
insulin, trapsformg rQ tors - - f] I f k), heparin,
hepatocy%?%r%l[\}% ?é%{o%%@%%%%ﬁﬁgq 1%%%#&3%{% %ﬁéﬁ&%@%ﬁoﬁ%@aﬁé }I JG}IF-I and
IGF-11), athe mufadrebibeinggrovaniacteris(HBOHHS, (Brdpbfocsnt drnéaywre bhdenidibrdstrsted from
stem ce"ﬁsgfgaﬂmay eﬁwiﬁmrtk}f@mgaﬁ@jﬁwg&%@lM@&im@f&mammm.@%\T) synthesis,
n log

albumin synthesis, asialoglycoprotein receptor (ASGR) expression, absence of a-fetoprotein, evidence
of glycog@f?@ﬁb‘rfaé}é’, aHibefteasr R Astaniahhe pbeleddding ?é’ﬁd‘@\‘}iﬁcé]‘yée@fldﬂﬂ%%ﬁ%osphatase
activi/ty : Q@féﬂﬁ{l’ﬁl‘v]zfl”ﬁﬁ@&l %ﬁﬁ@ﬂ@%&&%iﬁ?ﬁg{ﬁé@@%ﬁ%@@f éeahaag@asﬁaﬁm.gf, collected
stem/progenitor cells) can be induced in vitrq to differentiate into a cardiomyocyte erating a
cardiom E%%%"ﬂ“&&go%?ﬁﬁ?é?c‘i%i %cgﬁrffe(ﬁ‘éé?&ﬁba’ﬁélgf?gﬁlﬁaﬁlg%c S%F@C%éﬁ%’caé%tlg%g fesue resulting
fropeopjocardiallimfanctiber; dicast:igtupenandetiis tike cSuitabld]eardiGobyooyde-Spacific cell surface
markers she. AU BRI ARG EORAmNRRI MeRs Bl INERAE SO0 1A
collected srf’e%/epro%eﬁﬁor cecrll?or a populgmon of co ectednétem?progenltor cells) ¢an be induced in

vitro to differentialié ifrtelateaiinapeemivsestinymial fl‘ﬁéafg@,ué.@.? W liberpe %éléem:@n%étéogenic,
chondroggfii, IRHCIPIRBIG AIRMENROSNIG TYPFCREAIBHAY SeMageRis RAinRgeIiGaNd

dermogenic. Thus, e.g., collected stem/progenjitor cells cgn be induced in vitro to differentiate into an

osteobladfd deRbRRIrO&IE - LTATIBIRRIVE SHrdfhar cenuell, [FahganpPrasstithistiod. See, e.g., U.S.
Pangya) 5.736,30GombichRsedhes meibpesdorihy froqdiiieienipioppiupanpnasenchymal stem
ool Papceaic e cole [9SGia sleniad sempeeun ol Cropepiatonoippleged.
pancreatieistet deltacdricbdeanis 45 e dortse al shyyepbsitiirefesoidethodsscfddidincigndiffergntiation
R S S R o O R R o T )
Symp. 2682886 aati s nabRass) iClomigratinSteibCe rergragngate Weerythroid,
2008/156035h YR ARRAIR T AR L. RaRatatiomat iffsisatiaiadicpdR fom HRRELe gk pells

vitro, HSCs can be induced to undergo at least some self-renewing cell divisions and can be

induced to differentiate 1o the same hneages as 1s seen in vivo. As such, HSCs can be induced

to differentiate into one or more of erythroid cells, megakaryocytes, neutrophils, macrophages,

and lymphoid cells.

[6G74] In some embodiments, the collected stem/progenitor cell population comprises neural

stem cells. Neural stem cells (NSCs) are capable of differentiating into neurons, and glia

(including oligodendrocytes, and astrocytes). A neural stem cell is a multipotent stem cell

which is capable of multiple divisions, and under specific conditions can produce daughter

cells which are neural stem cells, or neural progenitor cells that can be neuroblasts or

glioblasts, e.g., cells committed to become one or more types of neurons and ghial cells

respectively. Methods of obtaining and culturing NSCs are known in the art,

[6075] In some embodiments, the collected stem/progenitor cell population comprises
mesenchymal stem cells. Mesenchymal stem cells (MSC), originally derived from the
embryonal mesoderm and isolated from adult bone marrow, can differentiate to form muscle,

bone, cartilage, fat, marrow stroma, and tendon. MSCs can be characterized as CD90”,
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[0087]As noted above, where a population of collected stem/progenitor cells is induced in vitro to
differentiate, a mixed cell population can result, where the mixed cell population includes
undifferentiated cells and differentiated cells. Where it is desired to generate a population of cells in
which most evohsiasiiadly all of the cells are differentiated cells, the diffarentiatedsertisscan be

ted from th diff tiated cells. .S ti ¢ arri t on the basis.of cell surf
i el e ot SR T M e s

markers tatdditfeveiniausCoelkabwarntisecetl trjdemaiatwantreilotheaarbeanddaectiesaMiBd.above.
100881Sgparatio be,carti Si ll-known hods 'nclllétjztllin Q... an variety of
sorting m%%)ﬁ’o%g;’&3%%%%%%%0%%@%0#1\%@#?3 “Eor ?rfao é&(&l ) nceuga |3egggeﬁ%%?{lo%xsr;€é?ﬁgas, etc. The
selected @differentBikaicelslat@ 8epafatedirdn RvASSeiEoadd imdifarentia@ld|(880%) Hemerating a
populatiop-of seJected (sgerted") cells. A selected cell population can be at least about 75%, at least
about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 98%, at least

abB¥76b00, or ghe seartrER b Hisidhs AplestedaienyPrp peiifen kel (BeRuEEED CRIMEFHES [0089]Cell

sorting (spRAtAHRM Mebrsladewplbsapig Riheartiacedwescorseratatianiay inskyle
magnetic separation, using antibody-coated magnetic beads, affinity chromatography and "panning”
with annual:ﬂ/aa‘fﬁéméafteeﬂ §BRE MmEnBAECG PR StaittEs CoReR ?&fé&hﬁaﬁg:%pefgwﬁmﬂéf providing
accurate geposatiamidelicBithimsesgenye activated cell sorters, which can have varying degrees of
sopbhjstication, such as multiple color channels, low. angle and obtuse light scattering detecting
o e R e, PR e R B R S BN e
with dead oelisaippdpitickvibdice Jehy/ kb S ndtod ¢hids [des)bAsytel hmiziiameagebecd sybloyed which is not

unduly d%%ﬂi%‘&l 5 1g %‘,’(%%H}’o% ngy selrriad.celsLVVbgLethe ”P{?é%‘%&%/’}gi%é%‘%% H5f gh,pne or

more ant es, the antibodies can be conjugated with [abels to allow for €ase of separation of the

particularbecdpajpric@ iy /magaeal palays wittien oasiBieISORE ik edtiaifiom dfigirnssseeptavidin;
fluorochremganWhigh Gandeensesd wmﬁfﬂkﬁﬁﬁs&r&ﬁ activaled:call saperabantens: apdhe like.

Multi-color analyses may be employed with the FACS or in a combination of inununomagnetic
separatioh St TN BRHAEES) S L 14 ¢ePOBe A BOIRES fidn Bt SFENRIPREBERSIFY et Bfem and
progenitogceriisannthadifibjesitinetnitRf ol ectingiftalstanicatdepragentoe ealifsommawth
cryopresery d mamr%alian an\)/O 2 008{1158659PCT/US 008/0073811 )place ta.nzlalre useful for

cryopreser\(f?ﬁfj a5d'o Paemalng e(%é: g S5 fir%rg%t%l or gé?f’sefuvt\}ﬁi%?] SRR e in a variety of

research ﬂc:aijplio@cc_altapp&i&rad;mnbe mﬂgdlﬂgseam%ﬂ@mmhﬁowmmm&w@muﬁmiied to, use of
the cells E%&%ﬁ{%eo%cﬁgﬁﬁ&?%h‘%ﬁ@ﬁt@%%% B0 SifsrenHAURE, ﬁért‘]% Elfdq glentiy factors

that maintain pluripotency; use of Is, e.g., In an experimental anim el, In studies of in vivo

differenti&tion RFP&csiion sHp rep bsitorted thesecuituns valls #n agrakibetimderay diimentaberispa
disease, g gsiteraignping thg effeshal & stgm anproaesitareel/pn thriRriessian ot the:disease;

and the like. [0092]Clinical applications aof the collected cells include treatment of a disorder in an
with an agent that induces differentiation, then sorted.

{6078} Methods of inducing a stem/progenitor cell to undergo differentiation in vitro are
known in the art; and any known method can be used. See, e.g., Odorico et al. ((2001) Stem
Cells 19:193-204).

[0079] A subject method can involve: a) inducing differentiation in a collected stem/progenitor
cell population, generating a mixed cell population that includes undifferentiated
stem/progenitor cells and differentiated cells; and b) separating the differentiated cells from the
undifferentiated cells. As one example, HSCs can be induced to undergo differentiation in
vitro into a variety of differentiated cells, including, e.g., neutrophils, granulocytes,
macrophages, myeloid cells (e.g., B cells, T cells), etc.

[0080] As one example, a subject method can involve: a) separating HSCs from a population
of collected stem/progenitor cells; and b) inducing differentiation of the HSCs into myeloid
cell lineage cells, or some other lineage. '
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individual (e.g., a human) from whom the fetal stern/progenitor cells were obtained. For example,
collected stem/progenitor cells, or progeny thereof, can be introduced into an individual in need
thereof, to treat a condition or disorder. The individual can be a neonate (e.g., an individual in an age
range of fromvahewBasswveek to about one month), an infant (e.g., an indivigustéssmaragie range of
fr ut one month to about 12 months), a toddler ‘6. an individual in an age range of from about
1B s o aouPEp R e e e S P e RS 2T
pre-teenageni@ign aicinbivielistbn/ pro gapeatoang s of dreratiaigeuntise arptdatiboef 12 years), a teenager
(e.g., an IAdHalIR AN JANIEELIM.ADS és? 2403 depahalt L URARb AR e (-, an

individual 20 years old or o dér , a geriatric patiént (e.qg., al In an age range of from about 65
years to Podiiferarsigied| s caudioonIB)t Redte d Ste iNsraten tsP calls e e oBBEIRL B L various
hematologicah dispiigiag-g- wahemagiohinpatin: adsliciuiothe HunhrEiaes sivaese blood cell
types (e.g., due to treatment for cancer; due to disease; etc.); central nervous system disorders,
including™&g%'neurodegenerative diseases (e.g. Alzheimer's Disease, Parkinson's Disease, Multiple
SclerosisnNpsnal vatingidpEdDiggiase, Amyotrophic Lateral Sclerosis, etc.); acute brain injury (e.g.

str ead injyry, cerebral palsy); an immunodeficiency disorder; etc. [0094]Collected

ot aenitor B ST ol A BRI L e LB PR OB S 5P g Sias bone
marrow, gkifercaititadgeptendansaborib amasoieinclo ding demdiacymsuectedshtond yessetsr celinea,
neural cells, gastraintestinal cells. etc. [Rr it | can be
used to rgg@%&’é@%ﬁ?&%ﬁg%ﬁ%% p§(§#%%§§6%eﬁ%gr\5§§%%§ﬁl ﬁgﬁgﬁgﬁg%%%%?gn normal
number cfedakcan hrorelivksddrcel msecgpd taaide thas bindigre wahoapletise e dsrespiedPEancer

chemotheaRYRAMGE hRr QPR ESHTSRL TROGRIWHPIRCIFoRHIAR In dPCHaaIMe Rt MaING I

stem/progenitor cells, or progeny thereof, collected using a subject method include individuals

suffering THERPEINESBHH qRuI UGS RTeresHBS resgshdricrdsingHRBmBEaRdisorder:;

) O T T those

R S e S B S R Bt

_present irovaﬁitim‘ruamid—_axmnkatdm@nm 2aNAR e cﬁm&emfsmm tberimge plalditegany asdieir .

invention “8%”@@%5[‘@9&% 10, LaRIS &@@5@9&5@%@3&%@{3{?@;@%Pw%%ﬁ?nb%ma §:20ly experiments
(0] WIt esp u

performear. s have been made to ensure accuracy ctto mbers used €.g. amounts,

temperat(v&3 Brcchprac koisiec oX plignssntaperiershinstirdeniduersdis U Rt 58 siiccoirfiedifor. Unless
indicated pIREANISERAIR-ARIRATR R¥eight-spaleclamvRighl iR weightAvaragfimelesyakweight,

temperature is in degrees Celsius, and pressure is at or near atmospheric. Standard abbreviations
may be u¥d F¥Qy s, Ak Hisr @Y RBY GBSt il HieB i spvecsfiemed et MATRaMinute(s);
hor hr, heltehaRa s HBHEPAOIKS bl iankitiobaseésir iy Rase GAI(S Xy fisiY HealEe (89 | OABA,
mtramus%l(? ggygf.olﬂ%i’. I[leea a%jetroe%%gigg )de?lsc i’oxsrlijnbncgu}l%&ea?%%ggﬁi%q(%é g, lxlalé%i"on cells and/or

glial cells can also be characterized by expressed markers characteristic of differentiating cells.

The in vitro differentiated cell culture can be identified by detecting molecules such as markers
of the neuroectodermal lineage, markers of neural progenitor cells, neuro-filament proteins,
MAP2ab, glutamate, synaptophysin, glutamic acid decarboxylase, GABA, serotonin, tyrosine
hydroxylase, B-tubulin, B-tubulin I, GABA Ad2 receptor, glial fibrillary acidic protein
(GFAP), 2', 3'-cyclic nucleotide 3'-phosphodiesterase (CNPase), plp, DM-20, 04, and NG-2
staining.
Hepatocvtes

[0083] As another example, a collected stem/progenitor cell {or a population of collected
stem/progenitor cells) can be cultured in the presence of a hepatocyte differentiation agent to
promote enrichment for hepatocyte-like cells. The growth environment may contain a

hepatocyte supportive extracellular matrix, such as collagen or Matrigel™. Suitable
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Example 1: Cryopreservation of mammalian placenta: and collection of stem/progenitor cells from the
crvopreserved placenta METHODS [0097]Placenta perfusion and cryostorage: Following IRB approval
and informed consent, human term placentas were obtained from healthy females following caesarian
section at AltadBakss sdespital (Oakland, CA). Freshly obtained human plagepiasiene ssed which

have been %ubjected to a conventional cord blood recovery process by draining substantially all of the

cord bloo HET IR Blaeshs NS ule NEHOWIPamFS: ARk SratassgtramrMEsiatbr solution
(Heparin B&ﬁimlfmi:altww_ I. Qegﬁ angb?ﬂoﬁhaytemwl a&é@mﬁa&)t@@@@fﬁ@éﬂ@ﬁ?&ﬁmmpcequreﬁ_, )
artery ang veln or umapilical Co, were rther cannulat , a cannect fo.a I | Ij‘C_UIt, wnic
e R e O S g e ke R S SRR R oo
tension anaiverbon wiicide serisiomctiempecatuoe ot pekinsatean gerfushtss hoyluamieosd,

oo o OB BRSO UARL SO A IB AN YRR MRSICRIBIAN e ed oo

Baxter pressure transducers conn pressure monitor ystems, Portland, OR).

Constant #erplsagiesdt errisEETabepanimdiertiassis gravah dretloand&Cinit inomieakias ¢~
temperatyrR-eoip gheswates Q@wﬂ{@&?&fgmnt%qmﬁlﬁ@psﬁé%&%wﬂ?ﬁggﬁm@w@' stem

cells isolation: Part of placenta was isolated with clamps, arterial vessel washed with 50 cc phosphate

buffered $ERETPBERPsNT DsREs IR sk Spertitisbibom sl maea it fan HARkELO5S (& P EESith
Penicillin/Stegtg myeiofologisgReatReE o, 241 P20ese s iipsin Msamme/mbdathylenediamine
tetraacetatiel'afEli)‘I;,g\ rf&rézo min atégs @éz%erature. Tissue s m@llses were disected, placed in PBS
with 0.196 T6HEGERRSES BURET igp P AR L O PR E R e xed for 5 min,
then filtergly¢bgon g6, mvickordilitcyfodiediombiintED8mad |ty ifeaue digbsiosas-centrifuged at 400
x g for 15 %gl?l%qgs%rg discarded, cells resuspended in growth medium (GM): alpha-Modified
Eagle's I\fedi | (MEI\‘/% with PSF, 15% fetal calf serum (FCS) , 2 mM L-glutamine. Sample was stored
at 4C for Sashesavewéeactivated cell sorting (FACS) analyses. [00100]To obtain mesenchymal stem

cefisogasue digest wasEaNIi gﬁg hAGOK18ERr o iRy SHRE A SlasarpRibealls copyshgnded in
GI\I;I: alpha-MEM with IgSF, 15% Féis, 2_ngM Egl&%g%n%wet.l Cells placed in 60 mm Petri d%%?as. Dishes

washed 2¥ istiice ey iGmndiffocnsats i f satbampraztn-SRNeing essim@xorier Grown for 2-3
weeks in alpfianiEviaith BSised 3% dat 8 ¢2 mddsloDlsimsninec 40401 RIacanim cryRRreservation:

Placenta was w shel%with 50 ml PBS, then perfused for 20 min with cocktail of cryopreseyvatives:
15% propytene 31%‘0 ,ai%%nd%?ﬁ%%’gffﬂﬁoﬁf&gﬁﬁ v Oé,u ‘%?oeﬁaf%z%{ﬂﬁa@,’%f%ﬁb%%%ﬁi HKtterial and
venous lineskasrathele.dlosad, tbicimoed upleapsemestdntoengesiof tissue. Placenta was then placed
ina plast'k&g&p@':@g&qﬂggggured (closed). The closed plastic container containing the placenta was

placed intoa- reezer for 12 hours, then placed in liquid nitrogen. [00102]Placenta re-warming:
ThE®#attic contdineliededaisingprpecpincaathWwasnseidedon efaefected stem/progenitor cells) can

be induced in vitro to differentiate into a cell of a mesenchymal lineage, e.g., a lineage selected
from osteogenic, chondrogenic, tendonogenic, ligamentogenic, myogenic, marrow
stromagenic, adipogenic and dermogenic. Thus, e.g., collected stem/progenitor cells can be
induced in vitro to differentiate into an osteoblast, a chondrocyte, a myoblast, a stromal cell,
etc., using any known method. See, e.g., U.S. Pat. No. 5,736,396, which describes methods for
in vitro differentiation of human mesenchymal stem cells.

Pancreatic islet cells

[0086] A collected stem/progenitor cell (or a population of collected stem/progenitor cells) can
be induced in vifro to differentiate into a pancreatic islet cell, generating a pancreatic islet cell,
which can be used to treat Type 1 diabetes. Methods of inducing differentiation into a
pancreatic islet cell are described in, e.g., Zulewski (2006) Swiss Med Weekly 136(41-42):647-
54; Trounson (2006) Endocrin. Rev. 27(2):208-19; Soria et al. (2005) Novartis Found. Symp.
265:158-67; and Xu et al. (2006) Cloning and Stem Cells 8:96-107.
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bath 37C, temperature of tissue (thermocouple) monitored. After tissue temperature reached 34-36 C,
the container was opened, catheters connected to pre-warmed perfusion system and perfused with
PBS (PSF) changing perfusate every 10 min for 40 IT1111. 1001031Isolation of cell from
cryopreserverbplersentasArterial vessel was washed with 50 cc PBS, therrinfusaohffoessPBS with
PSF, 2.5 Wm Dlsa S, L Y /ED] .5m .2mg/m1) for 20 min at room temperature. Tissue
samples Rrefedrssee seie =5 RIS BT A(20% standard solution), 0.1%
Cdnagehase, 2. Esiﬂ@uéd}bpaaeafhﬂsa pupaﬂtﬁfr’x cﬁca’i&emlmmx;ﬁm@m@n‘@eﬁswmdﬂ&dad through 100
micron flltem ematop ouePc ancl1 m § aqglglerargmc%eélsh %r'g(?h%tr%(il as d(:“HSCI’Ib above
[00104]Der|vat|on and ditteren a(tlon 0 em

erive atopoletic stem 5 cBiig" ample of placenta
tissue (5 rluvdes timstdtagemnyisted heith ang @fﬁ&n@e@’@ﬂﬂdiﬂe WBaq 109 ¢asjredtioRSE:80 AWVm! Heparin,

cut to pieges BRI PIACE thity: Y AR R SAIUHAR @%ﬁ?a?@%ﬁi:r@ﬁf&%@c@ 13 AfrefOr 60 min

with periodic shaking. 5 ml of tissue digest was then diluted in 45 ml Dulbecco's modified Eagle's

medium @fFEuLa QH/% o ge vepraried, runttieyadi Bergotiabed ¢kMs- Separation can be carried

2008/1566R R GhE/ bR MIREA0 (38 L X Eiae AL piRs2HRe AFRAYASTisaar dadndissye pellet was
washed twice with the same solution. Final cell pellet w s r%ﬁpﬂaﬁﬂﬁim 5 ml alpha-MEM medium

with 109 BEESRIEEFCelS0 s AP A RHaS BRISF T ABN SOF Herftbfdtetic stem
cells in coygeblmedanelpladentat fiasliereldessatbedabblhie number of CD34 cells in a cell mixture was

ﬁeﬁiﬁ%gged u3|r%%hieatcl:0[r)l?&4 a d CDA markers. T ?lﬂ CD34 a%ggn ISJﬁrglsnent on |mmat1ure
emato ic

oietic precursor cellsa 8Pnalo co?onyrf1 rmlng cellsin Arfovs and blood,
includingmpwtefumdgmmpg@em grd@mﬁmeoeﬂsqt@mﬂ/%ﬂmyﬂ%blmmﬂm%ahm

SCh'OSS”h%l}%ﬁsBé?Umﬁ?é'&ie@%&@&%ﬁ&éﬁ% uKOGYIGTYpING: Yol il cll fifferentiation antigens.

New York NY: Oxford University Press, 1995; 1: 840-846). Fluorochrome- conjugated monoclonal

antlbod|e@%ﬂ'@@?@ﬁtﬁgﬁﬁh§F¥ﬁe@@*ﬁﬂ<ﬂé@@fé%@ﬁeﬂlﬁ§@Gqf@4d§$ﬂﬁ941'ﬁe”@l%eﬁssﬁlﬂ%wcé}‘tometry
using a FapeisaliRendlow fyiamaiRuf BB BIaseencesubam s dsrabdat i she.RkasouniProgenitor

Cell Enumeration Kit (BD Bigscences, San Jose, CA). Multicolar analysis to |dent|f¥ the absolute
number ot V/aBid EH ML 1 ﬁéeﬂﬁ)tpath%‘ffo%\ﬁagta??ﬁﬁéhoa’égglﬁrﬁﬁ geatedhantPtotocol supplied by

the manLﬁ&ﬁtw’ﬂia@c{ha&ﬁc@f&aﬁa&ﬂﬁ@bwt&bﬁﬁy@w@@untlng of numbers of hematopoietic

pr ors was rfo ed b CS, CD ositive, CD45 OS] |ve e lation was dually labeled,
usTngg%is with p%psﬁnvec 6 ?ﬂ %?onsvf:\al) uc‘??éicen agrsgfé)‘l'g“ﬁlggmer?ces%f “According
to manufawmnecht@m@gmh@m@ibnsspm@mwmﬂam wagngateekadnchffiabiity determined by
o Pro PUSIGHHRIAST S it MNumber ala SR SIS Inad AR ReLGeThaL ajalpueleated cell

as well as absolute numbers per volume/mass of specimen 00106]D|ffere ation' assays

DifferentigtityiF sl Wisterpe AR LRIAY Camprereatn samartinvetiirle dinsessecnasaetinitia

(contalnl@gi%@&&hﬁwmmms%%@é)a&o@ chemamoslant kel faaiesiead1RgdRahAE
granuloc e ma rophagH colony stimulatin )3; factor (GM-CSF) (10, ng/ml) in 30 ml plastic Petri dishes

(all from &I ERMSFoRS SttRERg Festhake Wé%&ﬂf&f’ém& Ppalg §iy Petheonies
scored meWQ&e&‘lﬁﬁlﬂefted|bﬁyeﬂeﬂﬁbﬁgwmlﬂﬁéym{smda(t@fhhﬁ)dwsﬁﬂ@f@?ﬂ@gdiﬁih%ﬁtﬂéQM](BFU E),

colony fo [ t acropha G colo formin unit- any ocyte,
erythrmdiﬁgg?gghiageﬁﬁ] gryﬂc:% (&alégL? égﬁllf% Ic\{l%kl ong erm cu#ure n%a?n%‘; Feell
(LTC-IC) esbidiys otﬁ@adeamWMeMpmma@mgﬁeéwuayef@m swwonaatipteitenthederived
cell lines Jsgiated framf plac é’&d&]tﬁ‘l‘éo%f&’E’é’aﬂfd@%&t@a&e&k"&%ﬂ&&%ﬁﬁgiﬁﬁﬂﬁ,ﬁlﬁ?@&Fd in

24-well culture clusters and cultured for 2-3 days until confluence was reached’in alpha-MEM medium
with 10%W0ss & Boligafiiafeeads; biotin, which bmds with high affinity to avidin or streptavidin;

fluorochromes, which can be used with a fluorescence activated cell sorter; haptens; and the
like, Multi-color analyses may be employed with the FACS or in a combination of
immunomagnetic separation and flow cytometry.
UTILITY

{0090} A subject method of cryopreserving fetal stem and progenitor cells, and a subject

method of collecting fetal stem and progenitor cells from a cryopreserved mammalian
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WO 2008/1%659PCT/US2008/007381 cells of feeder layer, cells were treated with 10 pg/ml Mitemycin
C (Sigma) for 2 hours, washed 3 times with PBS. Cells isolated from placenta tissue were suspended
in long-term culture medium (MyeloCult, Stem Cell Technologies, Canada) according to manufactures
protocol andsplaceshisssells with feeder layers. Cells were grown for 6 weekstiseaisnosphere of 5%
CO2 at 37C, medium w hanged weekly. After 6_vv,ee§ce | were lifted by trypsinization.and
differentiﬁ%ﬁf%ﬁﬁgiﬁé’ig FREPRTEEFH A BB R B é’ﬁﬁﬁg&&%&%ﬁ Bthocult,
Stem Celldiéchndlogias), wolaioiig s8afdhadeland ropdiedtiog3. U/ml), IL-3 (10 ng/ml), stem cell factor
® 891:]”‘1) andy GGk %%&‘@'é}‘gnﬂu%o,%pé?St'Cﬁ%%{{ shes Gyl %gli/%l%%é?ecrﬁﬁﬁéetggfor 14-16
days and colonies eeored., erivation and diferentiation of Auman placenta-derived stromal
stem. Cetifenicrbvilteredationgn ddGrspoteofittess of-tespdisde ddentifofattarsabibima®m- alpha-MEM

with 2 mif s gIyIARINg 20F 202" [elalai0g SAMAT BShONAURISH i perisilivs /streptomycin.

The confluent primary cultures were washed twice with PBS without Ca_'r MgCells will be detached
followingdiApsentiatipmef astars WepeopsnilpsseHavee pf 4 sallsrihansKpEHaEM AMERM DO culture
dishes (GagtankeFirst WWaRBTsABARNGIS-PEriPERaGMIB b Be lsireachingraheu 70996 confluency
by splitting the cells 1:1. For differentiation assays the cells were cultured at initial concentration of 2 x
105 ml irf&SRAsH B BIBEei dishes, containing sterile pieces of cover glass. Adipogenic differentiation
wgsmanulated biisesdipglitaei eallsffaeTseeks iniGhbdupplesentadofihiikor8nib/hdexamethasone
and 5pg/ml insulin, Osteogenic differentiation induced by. culturing in GM containing 10
vt i v e e R R R R e
Neurogenizauifter eolfietion steas pedenineddils additige of tetinofccanibe korgdugaifinmotarthe medium).
[00109]ImpinRsiaining:; Tisuss weie fixeshwild ¢ aaspfermpldenydeswpshiesin £BR e
perrneabilized with 1% Triton X-100. Slices were incubated with blocking buffer (3% BSA in 4x SCC,
0.1% TritGreX2p0eYiaaes inipags Tenaneliffenhabedt with ek eyl eneooathticn) Blgknight at 4C.
Slices wetg,washedyifesatadwith.plocking solutien-aad hian iheubated MishisecemskaneAb (1:500)
labeled with FITC- or Rhodamine for 60 mm at 37C, washed, mounted on S”de?’é’@g Antifade reagent.
Paraffin $E&icHs YAl B BER SR A TPeparRathy STRRRIFDIB ARAME NEG L 8 1n an age
1001101 apnarativespbalssesanf warsbbidogandontresparnding. digesindf Héaueiplacantaange
demonstralgd th% digested tissue ?flalacen a ?ytield siép' lar or hiﬁﬂ?&i ng%]i%ea[g é)fe”ya% %Dgﬁj CO34+
cells. Perlent BreDA5+ Ch34 £ tels 6 5?58 Uogf?{leagw s Btimes igher In pgacengag Wo
2008/156669PCTkaB200800 7138 4isk k. Alinbrefgreaestiivadud Rfialeatmebbbes dfihBnacgepetiatic cells
which are Aaliable TRTA0RIRTE UIR.AL ARAYEIRGE AR ATELL AL TRGH e iGN alhFrpRared to that
from total cord blood sample These results are illustrated in Table 1.

[0093] Collected stem/progenitor cells can be used to treat various hematological disorders,

e.g., 2 hemoglobinopathy; a deficit in the number of one or more blood cell types (e.g., due to
treatment for cancer; due to disease; etc.); central nervous system disorders, including, e.g.,
neurodegenerative diseases (e.g. Alzheimer's Disease, Parkinson's Disease, Multiple Sclerosis
(MS), Huntington's Disease, Amyotrophic Lateral Sclerosis, etc.); acute brain injury (e.g.
stroke, head injury, cerebral palsy); an immunodeficiency disorder; etc.

[0094] Collected stem/progenitor cells, or progeny thereof, can be used to provide tissues for
grafting such as bone marrow, skin, cartilage, tendons, bone, muscle {including cardiac -
muscle), blood vessels, cornea, neural cells, gastrointestinal cells, etc. Collected
stem/progenitor cells, or progeny thereof, can be used to regenerate one or more blood cell
types, e.g., where an individual has a lower than normal number of one or more blood cell
types, due to disease, or due to depletion as a result of cancer chemotherapy regimen, or other
treatment.

{0695} Subjects suitable for treatment using stem/progenitor cells, or progeny thereof,

collected using a subject method inciude individuals suffering from a disorder such as a
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Table 1 Live CD34+ CD45+ cells Per ml or per gram Percent of total aucleated cells counted Total
Cord blood (0.7t 0.3) x 10 4/m1 0.06 0.2 (0.7 t0.3) x 106 in 100 ml Placenta tissue (1.1t 0.4) x 10 4/g
0.34 0.1 (P<0.05) (0.7 0.2) x 10 7 in 600 g tissue [00111]Placenta-derived hematopoietic cells were

further evalugteghiieriteeis ability to PCT/US2008/007381
hematological disorder; a deficit in the number of one or more blood cell types; a neurological

disorder (e.g., Parkinson’s disease); and the like.

EXAMPLES

0096] The following examples are pﬁt forth so as to provide those of ordinary skill in the art
with a complete disclosure and description of how to make and use the present invention, and
are not intended to limit the scope of what the inventors regard as their invention nor are they
intended to represent that the experiments below are all or the only experiments performed.
Efforts have been made to ensure accuracy with respect to numbers used (e.g. amounts,
temperature, etc.) but some experimental errors and deviations should be accounted for.
Unless indicated otherwise, parts are parts by weight, molecular weight 1s weight average
molecular weight, temperature is in degrees Celsius, and pressure is at or near atmospheric.
Standard abbreviations may be used, e.g., bp, base pair(s); kb, kilobase(s); pl, picoliter(s); s or
sec, second(s); min, minute(s); h or hr, hour(s); aa, amino acid(s); kb, kilobase(s); bp, base
pair(s); nt, nucleotide(s); i.m., intramuscular(ly); t.p., intraperitoneal(ly); s.c., subcutaneous(ly);
and the like.
Example 1: Cryopreservation of mammalian placenta: and collection of stem/progenitor cells

from the cryvopreserved placenta

METHODS

[0097] Placenta perfusion and cryostorage: Following IRB approval and informed consent,
human term placentas were obtained from healthy females following caesarian section at Alta
Bates Hospital {(Oakland, CA). Freshly obtained human placentas were used which have been
subjected to a conventional cord blood recovery process by draining substantially all of the
cord blood from the placenta. Placentas were first infused with in an anticoagulant/vasodilator
solution (Heparin 30 U/ml, papaverin 0.05 mg/ml) at a temperature of 20 to 25°C. For
perfusion procedures, artery and vein of umbilical cord were further cannulated, and connected
to a perfusion circuit, which contains heat exchange unit, blood oxygenator, roller pump and
perfusion reservoir. Blood oxygen tension and carbon dioxide tension, temperature of perfusate
and perfusate flow rate were continuously monitored. Pressure in the umbilical cord artery and
vein was constantly measured using Baxter pressure transducers connected to blood pressure
monitor {Protocol Systems, Portland, OR). Constant temperature of perfusate was maintained
using heat exchange unit connected to temperature-controlled water bath.

[0698] Placenta hematopoietic CD34 ~ and mesenchymal stem cells isolation: Part of placenta

was isolated with clamps, arterial vessel washed with 50 cc phosphate buffered saline (PBS),
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differentiate into blood cells by standard coleny-forming analyses. Cells derived from placenta tissue
produced a large number of colony-forming units, including CFU-E, BFU-E, CFU-GM, CFU-GEMM,
similar to cord blood. Microscopic appearance of these colonies in illustrated in Figure 1.
1001121Figwre dookiesgatopoetic stem cells derived from term placenta apg-gergddalpadsgifferentiation
assays and LTC-IC. Placenta-derived hematopoietic stem cells give rise to multiple lineages of blood

cells. MicRs&Biysrchagse bPSMHY By GHtR aRm e RisRGrabiond (RERERA N X 10,
CFU-E, BiryhEnagick ChigHali- Milly i-disibife BnGacdigegteriplacaialhissauadotowingerature.

fusi tion. B- ificati tipl -E . C-di ted tal
Foste, ML SRR A R e 7508 R ERe aaL b  RERRCoB At or the

amount ohookd3y ferniissuanispistainedfteradfacst mintidencidicres tthegmiiireddorcfiltesponding

d unit i i : | | ial d cell

co od uni %rgo%'rytﬁpd%;@bﬁl% g%&lé? ?&YW?%QF‘?Q"}%@C%%% Amguitsehalged cells

co[ony- orming units, than cord blood. Table2 Cor _ Placenta tissue per 105 cells
CFU-E 18issardad. gslB myuppaded psoawthmeton @) piphe-dgodified Eagle’s Medium

(MEM) with PSF, 15% fetal calf serum (FCS) , 2 mM L-glutamine. Sample was stored at 4°C
for fluorescence activated cell sorting (FACS) anatyses.

[60100] To obtain mesenchymal stem cells tissue digest was centrifuged at 400 x g for 15 min,
supernatant discarded, cells resuspended in GM: alpha-MEM with PSF, 15% FCS, 2 mM L-
glutamnine. Cells placed in 60 mm Petri dishes. Dishes washed 24 hours later, washed 2x PBS,
GM added. Plastic-adherent cell were further grown for 2-3 weeks in alpha-MEM with PSF,
15 % FCS, 2 mM L-glutamine.

[00101] Placenta cryopreservation: Placenta was washed with 50 m] PBS, then perfused for 20
min with cocktail of cryopreservatives: 15% propylene glycol, 14% dimethylsulfoxide
(DMSQO), 14% Formamide, 57% PBS, PSF. Arterial and venous lines were then closed,
thermocouple inserted into center of tissue. Placenta was then placed in a plastic container and
secured (closed). The closed plastic container containing the placenta was placed into a -80°C
freezer for 12 hours, then placed in liquid nitrogen.

[00162] FPlacenta re-warming: The plastic container containing the placenta was placed in water
bath 37° C, temperature of tissue (thermocouple) monitored. After tissue temperature reached
34-36 °C, the container was opened, catheters connected to pre-warmed perfusion system and
perfused with PBS (PSF) changing perfusate every 10 min for 40 min,

[00103) Isolation of cell from cryopreserved placenta: Arterial vessel was washed with 50 cc
PBS, then infused 50 cc PBS with PSF, 2.5 U/ml Dispase, Trypsin/EDTA (0.5
mg/ml/0.2mg/ml) for 20 min at room temperature. Tissue samples were dissected, placed in
PBS with Trypsin/EDTA (20% standard solution), 0.1% Collagenase, 2.5 U/ml Dispase for 30
min at 37 © C. Tissue was vortexed for 5 min, filtered through 100 micron filter. Hematopoietic
and mesenchymal stem cells were isolated as described above,

[00104] Derivation and differentiation of placenta-derived hematopoietic stem cells. Sample of
placenta tissue (5 g) was thoroughly washed in 3 changes of sterile PBS (100 ml) with PSF, 30
U/ml Heparin, cut to pieces 3x3x3 mm and placed in Trypsin/EDTA solution (0.25 mg/ml
Trypsin) at 37°C for 60 min with periodic shaking. 5 ml of tissue digest was then diluted in 45
ml Dulbecco’s modified Eagle’s medium (DMEM) with 2% FCS, vortexed, centrifuged at 300

24



2351121 1001142 Iimmunofluorescent staining of hematopoietic cells in term human placenta
demonstrated presence of large numbers of cells clusters , positive for hematopoietic stem cells-
CD34+, CD | 17+, CD133t, CD38. The estimated numbers of these cells per whole placenta averaged
107 cells pemplaseniasdsxamples of these clusters, located in loose 27 V¥Or1/us2008/007381

2008/156659PCT/US21108/007381 cqonnective tissue in perivascular regions of nlacenta and not
mssociateH AR L BURaRUR AR RITIFE S RORAEE TS AT S gt

&ffin section of human

placenta setaiived FotaCi3B 4T Gagreanpanttd i€D b Alfthki) HPEnedilim muhkdofhiEnvatbpoietic
cells. Nu r staining DAPI (blue). 1001161Figure 3. Paraffin section of human placenta stained for
CD34 (FITC-green) and CD38 (PE, red) - marker of hematopoietic cells. Nuclear staining DAPI (blue).
1089103Figure Ghparstfinasetiviyiobiirner plawéetaobtanathfo CDI4MRE S iree)bdee CD133 (PE,

red) - magker of hematanoistio, els; Nuc'RanstaIpinaRABLIIS) A0k Bl Resianphaiagenta with

cryopreservatives allowed enhancin%the survival of hematopoietic cells several-fold, as shown in

Table 3. PERRIEISITR36 MEEEe eraskeniriEhe FRAG RRUGSRIHPHTENE S8 HRINATHS MeRFURAISHC Table 4.

Table 3 precursor cells and all hematopoietic colony-forming cells in bone marrow and blood,

including unipotent and pluripotent progenitor cells ( Graves MF, Titley, I, Colman SM et al
. In: Schlossman SF Boumsell L, Gilks W et al eds Leukocyte Typing V: White cell

differentiation antigens. New York NY: Oxford University Press, 1995; 1: 840-846).
Fluorochrome- conjugated monoclonal antibodies directed against the CD34 molecule were
used to identify these cells by flow cytometry using a FACScaliber flow cytometer (BD
Bioscences, San Jose, CA) using the Procount Progenitor Cell Enumeration Kit (BD
Bioscences, San Jose, CA). Multicolor analysis to identify the absolute number of viable CD34
cells in the population was applied according to a detatled protocol supplied by the
manufacturer. Characterization of cell viability and counting of numbers of hematopoietic
progenitors was performed by FACS. CD34-positive CD45-positive cell population was dually
labeled, using kits with positive control CD34™ CD45" positive fluorescent beads (BD
Biosciences), according to manufacturer’s protocol. CD34-CD45 positive population was
gated, and viability determined by To-Pro nuclear/cytoplasm staining. Number of cells was
determined as percent of total nucleated cells as well as absolute numbers per volume/mass of
specimen.

[00106] Differentiation assays. Differentiation assays were performed using complete
MethoCult ® Methylcellulose—based media (containing 30% FCS, erythropoietin (3 U/ml), IL-
3 (10 ng/ml), stem cell factor (50 ng/ml) and granulocyte-macrophage colony stimulating
factor (GM-CSF) (10 ng/ml) in 30 ml plastic Petri dishes (all from Stem Cell Technologies,
Canada). Cultures were incubated for 14-16 days and colonies scored for presence of colony
forming unit erythroid (CFU-E), burst-forming unit erythroid (BFU-E), colony forming unit-
granulocyte, macrophage (CFU-GM), and colony forming unit-granulocyte, erythroid,
macrophage, megakaryocyte (CFU-GEMM).

(60167} Long-term culture-initiating cell (LTC-IC) assays. LTC-IC assays were performed
using feeder layers from stromal placenta-derived cell lines isolated from of placentas in this
study. Placenta-derived stromal cells were seeded in 24~well culture clusters and cultured for
2-3 days until confluence was reached in alpha-MEM medium with 10%FCS. To inactivate
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Cord Blood Placenta tissue without perfusion with cryopreservatives Placenta tissue following
perfusion with cryopreservatives Live CD34+ CD45+ cells per ml (per g for tissue) (0.5 0.1) x 10 4 (0.1
0.1) X 104 (1.5 0.1) X i04 Live CD34+ CD45+ cells Percent of total nucleated cells counted 0.03 0.1

0.03 0.01 (R0 293/156659 PCT/US2008/007381

cells of feeder layer, cells were treated with 10 pg/ml Mitomycin C (Sigma) for 2 hours,
washed 3 times with PBS, Cells isolated from placenta tissue were suspended in long-term
culture medium (MyeloCult, Stem Cell Technologies, Canada) according to manufactures
protocol and placed in wells with feeder layers. Cells were grown for 6 weeks in atmosphere
of 5% CO; at 37 °C, medium was changed weekly. After 6 week cell were lifted by
trypsinization and differentiation assays were performed as described above in methylcellulose
medium (MethoCult, Stem Cell technologies), containing 30% FCS, erythropoietin (3 U/ml),
IL-3 (10 ng/ml), stem cell factor (50 ng/ml) and GM-CSF (10 ng/ml) in 30 ml plastic Petri
dishes. Cultures were incubated for 14-16 days and colonies scored.

[06108] Derivation and differentiation of human placenta-derived stromal stem. Cells were
filtered through 100 p-pore filter, re-suspended in growth medium (GM) — alpha-MEM with 2
mM L-glitamine and 20% of fetal bovine serum (FBS) (Invitrogen} with penicilline
/streptomycin. The confluent primary cultures were washed twice with PBS without Ca™
Mg™ (Invitrogen). Cells will be detached following Trypsin/EDTA., Cells were re-suspended
in 40 ml of the GM and cultured in 100 mm culture dishes (Costar). First two passages were
performed with the cells reaching about 70-90% confiuency by splitting the celis 1:1. For
differentiation assays the cells were cultured at initial concentration of 2 x 10° ml in GM in 60
mm Petri dishes, containing sterile pieces of cover giass. Adipogenic differentiation was
stimulated by seeding the cells for 3 weeks in GM supplemented with 10 ml/l dexamethasone
and Sug/ml insulin, Osteogenic differentiation was induced by culturing in GM containing 10
mM B-glycerol phosphate, 50 pg/ml ascorbic acid, and 10 ml/l dexamethasone for 3 weeks.
Neurogenic differentiation was performed by addition of retinoic acid (107 - 10 M to the
medium).

[00109] Immunostaining. Tissues were fixed with 4% paraformaldehyde, washed in PBS,
permeabilized with 1% Triton X-100. Slices were incubated with blocking buffer (3% BSA in
4x SCC, 0.1% Triton X-100) for 60 min at 37°C and incubated with primary Ab (1:100
dilution) overnight at 4°C. Slices were washed, incubated with blocking solution and then
incubated with secondary Ab (1:500) labeled with FITC- or Rhodamine for 60 min at 37°C,
washed, mounted on slides with Antifade reagent. Paraffin sections de-paraffinized first and
prepared by similar procedure.

RESULTS

[80110] Comparative analyses of cord blood and corresponding digest of tissue placenta

demonstrated that digested tissue of placenta yield similar or higher numbers of live CD45+

CD34+ cells. Percent of CD45+ CD34+ cells of granulocytes was 4-5 times higher in placenta
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0.3 0.1 (P<0.05) Total amount of live CD34+ CD45+ cells per total sample of cord blood (100 ml) or -
placenta (800 g) tissue) (U.S 0.1) x 106 (0.6 0.2) x 106 GA 0.4) x 10 7 Table 4 Cord Blood per 105
cells Placenta tissue per 105 cells without perfusion with cryopreservatives Placenta tissue per 105

cells after peyiysipmwiizcryopreservatives CFU-E PCT/US2008/007381
tissue. Therefore, estimated total numbers of hematopoietic cells which are available from one
placenta are on average an order of magnitude higher, compared to that from tota! cord blood

sample. These results are illustrated in Table 1.

Table 1
Live CD34+ CD45+ cells
Per mi or per gram Percent of total Total
nucleaied cells counted

Cord blood (0.7 03)x 10 “/ml 0.06:02 (0.7+03)x10°

in 100 ml
Placenta tissue | (1.1=0.4)x 10%g 0.34 £ 0.1 (P<0.05) (07+02)x 107

in 600 g tissue

00111} Placenta-derived hematopoietic cells were further evaluated for their ability to

differentiate into blood cells by standard colony-forming analyses. Cells derived from placenta
tissue produced a large number of colony-forming units, including CFU-E, BFU-E, CFU-GM,
CFU-GEMM, similar to cord blood. Microscopic appearance of these colonies in illustrated in
Figure 1.

160112} Figure 1. Hematopoetic stem cells derived from term placenta and cord blood,
differentiation assays and LTC-IC. Placenta-derived hematopoietic stem cells give rise to
multiple lineages of blood cells. Microscopy images of colony-forming units derived from: A-
cord blood (magnification x 10, CFU-E, BFU-E and CFU-GEMM are visible; B, C — digested
placental tissue following perfusion/eryopreservation. B- magnification x 5, multiple CFU-E
are present. C- digested placental tissue, magnification x 40, CFU-E and CFU-GEMM are
clearly visible.

{60113] Quantitative data for the amount of colony forming units obtained from placenta tissue
digest as compared to corresponding cord blood unit are given in Table 2. Cells derived from

placenta yield larger amounts of blood cells colony-forming units, than cord blood.

Table 2
Cord Blood per 16° cells Piacenta tissue per 10° cells
CFU-E 18+6 111 £ 45
BFU-E 123+ 28 240 =115
CFU-GM 172 £ 45 235+ 121
[0G114] Immunofluorescent staining of hematopoietic cells in term human placenta

demonstrated presence of large numbers of cells clusters , positive for hematopoietic stem
cells- CD34%, CD117°, CD1337, CD38. The estimated numbers of these cells per whole

placenta averaged 107 cells per placenta. Examples of these clusters, located in loose
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8 411 5123 +55BFU-E 34 1342 16 411 58 CPU-GM 68 51 25 12 311 72 100119]Derivation
and differentiation of stromal placenta-derived stem cells from cryopreserved placenta. Cryopreserved
placentas allowed obtaining and propagating up to 30 passages plastic-adherent cells.

Characteriza{ign@khspan placenta-derived stromal plastic- adherent "step el femanstrated, that
these cells are negative for CD45, CD34, CD38, SI-12b (a marker of developing neurons). The rate of
cell prolife?BRBHLIE SRINIBREHYRIINY D B0UgIeSEEs9PENILAS pORRSDY B pirculation, are

given in Figure 2-4.

[00115] Figure 2, Paraffin section of human placenta, stained for CD34 (FITC-green) and
CD117 (c-kit). (PE, red) - marker of hematopoietic cells. Nuclear staining DAPI (blue).
[00116]} Figure 3. Paraffin section of human placenta stained for CD34 (FITC-green) and CD38

(PE, red) — marker of hematopoietic cells. Nuclear staining DAPI (blue).
[00117] Figure 4. Paraffin section of human placenta, stained for CD34 (FITC-green) and
CD133 (PE, red) — marker of heinatopoietic cells. Nuclear staining DAPI (blue).
[00118] Perfusion of placenta with cryopreservatives allowed enhancing the survival of
hematopoietic cells several-fold, as shown in Table 3. Perfusion also preserved the

differentiation capacity of these cells, as illustrated in Table 4.

Table 3
Cord Placenta tissue Placenta tissue following
Biood without perfusion perfusion with
with cryopreservatives cryopreservatives
Live CD34+ CD45+ cells (0.5=0.1)x10° 0.120.1)x10° (1.5x0.1)x 107
per ml {per g for tissue)
Live CD34+ CD45+ cells 00301 0.03 = 0.01 {(P<0.05) 0.3 = 0.1 (P<0.05)
Percent of total nucleated celis
counted
Total amount of live CD34+ (0.5=0.1)x10° 06=02)x10° (1.1x04)x107
CD45+ cells per total sample of
cord blood (100 ml) or placenta
(800 g) tissug)

Table 4
Cord Blood per | Placenta tissue per 10° | Placenta tissue per 10° cells
10° cells cells without perfusion after perfusion with
with cryopreservatives cryopreservatives
CFU-E 8+4 [1+3 123 +55
BFU-E 34+ 13 42 £ 16 411 + 58
CFU-GM 68 = 51 25+ 12 311+ 72
[60119] Derivation and differentiation of stromal placenta-derived stem cells from

cryopreserved placenta. Cryopreserved placentas allowed obtaining and propagating up to 30
passages plastic-adherent cells. Characterization of human placenta-derived stromal plastic-
adherent “stem cells” demonstrated, that these cells are negative for CD45, CD34, CD38,
SH2b (a marker of developing neurons). The rate of cell proliferation is very high, doubling
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time is about 8-10 hours. Some populations are medium-low positive for markers of human bone
marrow mesenchymal stem cells (CD90, CD105), less than 10%, Cells are highly positive for
Neurofilament -200 (marker of neurons). Nuclear localization of Neurofilament 200 (as seen in these

cells) is a magkehafgeresyonic neurons. Cells are highly positive for Oct-¢@ndsSsaka-3gimarkers of
human embryonic stem cells. Cells are highly positive for CD133- a marker of human pluripotent

(hematodAits BRubiiLfileHE PO RARYIHRARAE Brolumdny) Risiivedns meskeraffdiantfate into
adipocytasresieoliasisandHygwoasm 0el2AiTvese Dedsvese tsed @5 feellentayassifor non-adherent
cells. Six week co-culture of hem gietic progenitors on these feeder layers, with following culture of
itor colP D AT i L TG R B b TN A B benia with
cryopresefiatasesal iowkehéaa i ane engiida of hkisi@iir orucryoTetadp htghijapasitilte Stra@rd-in Table
5. Table § sh JC-1C cultur f cord blood.and crygpreserved placenta. Colony- ing capacity
of cord b%gagﬁ%éagésrt%%g lé%lé%zlr%g tls?srﬁijboe% 6’11%&%%@5%6??%%%%%6‘%%?%iﬁ?8h?§n§4 m%rﬁjsion of
placenta.IPaskiersid husigni fibamBiean Ky e pi plivandp EGal OxTersibab d EpittisBid peePasdel Placenta

tissue peEtl%eﬁé'.sdé@fb9&%&&5%@%%@1&%‘6?&1&?%%@%% hlggeigaussue per 104 cells after

perfusion with c%opreservatives CFU-E 3 )
100120} ese cells were used as feeder layers for non-adherent cells. Six week co-culture of

hematopoietic progenitors on these feeder layers, with following culture of lufted cell in
MethoCult medium allowed to determine numbers of LTC-IC. Perfusion of placenta with
cryopreservatives allowed to enhance yield of LTC-IC from cryostored placenta, as illustrated
in Table 5. Table 5 shows LTC-IC cultures of cord blood and cryopreserved placenta. Colony-
forming capacity of cord blood and digests of placental tissue, following cryopreservation

without and with perfusion of placenta. Perfusion significantly enhanced survival of LTC-ICs.

Tabie 5
Cord Placenta tissue per 10° Placenta tissue per 10° cells

Blood cells without perfusion after perfusion with
Per 10* with eryopreservatives cryopreservatives

CFU-E 3x1 1x1 12+£5

BFU-E 41 [+1 11£5

CFU-GM | 6= 2+2 10+4

[00121] While the present invention has been described with reference to the specific

embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. In addition, many modifications may be made to adapt a particular
situation, material, composition of matter, process, process step or steps, to the objective, spirit
and scope of the present invention. All such modifications are intended to be within the scope

of the claims appended hereto.
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12 5BFU-E4 11 111 5CFU-GM6 12 210 4 [00121]While the present invention has been
described with reference to the specific embodiments thereof, it should be understood by those skilled
in the art that various changes may be made and equivalents may be substituted without departing
from the true spirit and scope of the invention. In addition, many modifications may be made to adapt a
particular situation, material, composition of matter, process, process step or steps, to the objective,
spirit and scope of the present invention. All such modifications are intended to be within the scope of
the claims appengf]aﬁ Leto. CLAIMS 1.A method of obtaining fetal stem and progenitor cells from a
cryopreserved mammalian placenta, the method comprising: a) perfusing a cryopreserved
mammalian placenta with a collection solution comprising an agent that induces mobilization of a stem

and/or progenitorcell intg adipad vesiaslef theiRlsseniapwbarin dbe mohilizaligneageat is AMD-3100,
or is a biocompatible non-ionic surfactgnt, an.enzyme that digests tissues, a thrombolytic enzyme, or

ethylenediaFARERIFRlReR Aty MEHpd comprising:

a) perfusing a cryopreserved mammalian placenta with a collection solution
comprising an agent that induces mobilization of a stem and/or progenitor cell into a blood
vessel of the placenta, wherein the mobilization agent is AMD-3100, or is a biocompatible
non-ionic surfactant, an enzyme that digests tissues, a thrombolytic enzyme, or
ethylenediamine tetraacetic acid; and

b) collecting the mobilized cells from the blood vessel, wherein the collected cells

comprise fetal and progenitor cells.

2, The method of claim 1, wherein the mobilization agent is a non-ionic

surfactant, optionally wherein the non-ionic surfactant is tyloxapol.
3. The method of claim 1, wherein the enzyme that digests tissues is trypsin.

4. The method of claim 1, wherein the collection solution comprises:
a) a cytokine that promotes maintenance of a stem cell or progenitor cell phenotype;
and/or

b) two or more mobilization agents.

5. The method of claim 1, further comprising:

a) removing any residual matermnal cells from the collected cells; and/or

b) inducing differentiation of a collected fetal stem/progenitor cell in viiro , wherein
said inducing results in differentiation of a collected fetal stem/progenitor ¢ell into one or
more differentiated cell types, optionally wherein the one or more differentiated cell type is

an adipocyte, a hepatocyte, an oligodendrocyte and a myeloid lineage cell.
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b) collecting the mobilized cells from the blood vessel, wherein the collected cells comprise fetal and
progenitor cells. 2.The method of claim 1, wherein the mobilization agent is a non-ionic surfactant
optlonally wherein the non-ionic surfactant is tyloxapol. 3.The method of claim 1, wherein the enZ)’/me
that digests tissues is trypsin. 4.The method of claim 1, wherein the collection solution comprises:

a) a cytokine that promotes maintenance of a stem cell or progenitor cell phenotype; and/or b) two
or more mobilization agents. 5.The method of claim 1, further comprising: a) removing any residual

maternal cells frogn the gqllegtad glisiARd/ohereilipbiRg difRreptiatianalcairollected fetal
stem/progenitor cell in vitro , wherein said inducing results in differentiation of a collected fetal

s‘gem/prqgé‘ﬁﬁWé@ll into one or more differentiated cell types, optionally wherein the one or more
differentiated cellat)yp@a&}a@@ﬂaﬁe@ﬁ@ alhepatocyte, an oligodendrocyte and a myeloid lineage cell.
6.The method of Elalm 1 nv{\}/here I, gald (ﬁollected stein/progenitor cells comprise: a) haematopoietic
stem cells; b) me En%ﬁ?ﬁné}mtlem cmlls or c‘j placenta-derived multlpotent cells. 7.The method of claim
1, wherein said co}leptedtstedarand mré@m’i%rcéﬁﬁs

7. The method of claim 1, wherein said collected stem and progenitor cells

comprise from about 10% to about 10° viable fetal stem and progenitor cells.

8. The method of claim 1, wherein the mobilization agent is an enzyme that
digests tissue, and wherein the method comprises generating an enzyme-digested placental

tissue.

9. The method of claim 8, wherein the enzyme-digested placental tissue is
mechanically disrupted, generating a placental tissue mixture comprising placental tissue and
a placental cell suspension; and wherein the method further comprises separating the

placental tissue from the placental cell suspensiot.

10. The method of claim 9, wherein stem/progenitor cells are separated from the
placental cell suspension, optionally wherein said separating comprises one or more of
washing, centrifugation, density gradient centrifugation, elution, positive selection and

negative selection.

11 The method of ¢laim 1, wherein

i) the biocompatible non-ionic surfactant is selected from diacetylated
monoglycerides, diethylene glycol monostearate, ethylene glycol monostearate, glyceryl
monooleate, glyceryl monostearate, propylene ghycol monostearate, macrogol esters,
macrogol stearate 400, macrogol stearate 2000, polyoxyethylene 50 stearate, macrogol ethers,
cetomacrogol 1000, lauromacrogols, nonoxinols, octoxinols, tyloxapol, poloxamers,
polyvinyl alcohols, polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 65,
polysorbate 80, polysorbate 85, sorbitan monolaurate, sorbitan monooleate, sorbitan
monopalmitate, sorbitan monostearate, sorbitan sesquioleate, sorbitan trioleate, sorbitan

tristearate and sucrose esters,
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comprise from about 106 to about 109 viable fetal stem and progenitor cells. 8. The method of claim 1,
wherein the mobilization agent is an enzyme that digests tissue, and wherein the method comprises
generating an enzyme-digested placental tissue. 9. The method of claim 8, wherein the
enzyme-digested placental tissue is mechanically disrupted, generating a placental tissue mixture
comprising placental tissue and a placental cell suspension; and wherein the method further
comprises separating the placental tissue from the placental cell suspension. 10.The method of claim
9, wherein stem/progenitor cells are seg)arated,fro th Iacentfinll cell suspension, optionally wherein
said separating cOthPRSBEBITE G TSes SPIVSSRING ° 8 {ﬁ?{ﬁﬁ on: ré%sgit%rsé]&ient centrifugation,
elution, positiyeselesiioppsid, pegativeselest 5 .aTYNPre, rhepherd wf wlaimeitidebe aipain, i) the
biocompatitglll% Q(:t%)l%r}{c surfactant is selected from diacetylated monoglycerides, diethylene glycol

u ;
monostearate, e lene glycol monostearate, glyceryl monooleate, glyceryl monostearate, propylene

glycol monostearaid hrasibgsy duidrndrmerdistént sl adtesina srolgerisnd bbisms!!
polyoxyethylangi0ssieataity Baw egehihersnsriamaskead 1040 lawnmacigeiss nonoxinols,

octoxinols, tyloxapol, poloxamers, polyvinyl alcohols, polysorpate. olysorbate 40, polysorbate 60,
polysorbat e[%{lf eiy%&?f) gﬁ%ﬁ 6 g%) r%ol ?e a E)e? il 0q1gzgloeﬂax 101 mo%ec’u? o

Ate BB, “sdibitan monolaurate, sorbitan monoo?éa?e, sorbitan
monopalmitategrsgrbitathamionestearktrinsenditan sesquioleate, sorbitan trioleate, sorbitan tristearate

and sucrose eSterR) the s:hx@n%'b?y%@%}@}‘&m@m%ﬁﬁ@%%%ﬁﬁd@&%@ded from a collagenase, trypsin,

chymotrypsin, papain, pepsin, proteinase K, a DNAse, dispase, carboxypeptidase, calpain, and
subtilisin; iii) the antibody that binds specifically to a cell adhesion molecule and inhibits cell
adhesion specificaglly bindsansasiesionimalecuiesetrcieshremidntigaalivlanmsibesion molecule, a
vascular cell adhesion molecule, a platelet-endothelial cell adhesion molecule, an integrin, a cadherin,
and a selectin; and iv) the thrombolytic enzyme is streptokinase or urokinase. 12The method of
claim I, wherein thB mobilizaticthadjefitlisnAl BIB1G0 HE3:Thiirn dthadesiddimith «@lagiterein the cytokine

Is selected @Eﬂﬁ&ﬁﬁl&’%&mm, granulocyte colony-stimulating factor, granulocyte-macrophage colony-
stimulating factor, megakaryocyte colony-stimulating factor, interferon-a (IFN-a}), consensus
interferon, IFN-B, IFN-y, IL-1a, IL-1B, IL-2, IL-3, IL-4, IL-5, IL-6, IL-10, IL-11, IL-13, a
stem cell factor, leukemia inhibitory factor, oncostatin M, erythropoietin, and

thrombopoietin.

14. The method of claim 1, wherein the cryopreserved placenta has been
cryopreserved by a method comprising:

a) perfusing a mammalian placenta with a perfusion solution comprising an anti-
coagulant, a vasodilator, and a cryopreservative agent; and

b) freezing the perfused placenta at a temperature below 0°C.

15. The method of claim 14, wherein said perfusing is carried out at a

temperature of from about 4°C to about 37°C.

I6. The method of claim 14, wherein said anti-coagulant is heparin, a coumarin,

ethylenediamine tetraacetic acid, hirudin, or a hirudin analog.

17. The method of claim 14, wherein said vasodilator is papaverin, moxaverin,
hydralazine, dihydralazine, minoxidil, nitroglycerin, isosorbide dinitrate, diazoxide,

nitroprusside, diltiazem, amiodarone, isoxsuprine, nylidrin, tolazoline or verapamil.
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stimulating factor-1, granulocyte colony-stimulating factor, granulocyte-macrophage colony-stimulating
factor, megakaryocyte colony-stimulating factor, interferon-a (LEN-a), consensus interferon, IFN-p,
IFN-y, IL-la, IL-113, IL-2, IL-3, IL-4, IL-5, IL-6, IL-10, IL-11, IL-13, a stem cell factor, leukemia inhibitory
factor, oncostatin M, erytluopoietin, and thrombopoietin. 14.The method of claim 1, wherein the
cryopreserved placenta has been cryopreserved by a method comprising: a) perfusing a
mammalian placenta with a perfusion solution comprising an anticoagulant, a vasodilator, and a
cryopreservative agent; and b) freezing the perfused placenta at a temperature below 0C. 15.The
method of claim 14, wherein said perfusing is carried out at a temperature of from about 4C to about
37C. 16.The methéd of dlaénmdioduifaleim $idvhasivssduleritdioheqalim frdbuermpiistylenediamine
tetraace_tic %qu@ér&dzl%%t% @E&b‘ijj” a_lnalog 17_.The r_neth_oql of_claim 14, wherein ;aid v_a_sodilator is
papaverin, moxaverin, hydralazine, dihydralazine, minoxidil, nitroglycerin, isosorbide dinitrate,
diazoxide, nitroprusside, diltiazem, amiodarone, isoxsuprine, nylidrin, tolazoline or verapamil. 18.
The method of claign 14, wbersinsaidperfusignseiutianfuithereamdiisks-angytakineaon a growth
factor. 19. The meﬂ)oij of gb@l{ﬁ 14, further comprising storing the frozen placenta at a temperature
of below _56:&?1})erature ol below - .
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