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WO 2006/090286 PCT/IB2006/000745 CELL The present invention
relates to a method for the isolation of large numbers of haemopoietic
stem cells. In particular the invention relates to a method for the 5
Wisdlthartidsviable haemopoietic stem cells from the placentaeCli@2006/000745
placenta which is usually discarded represents a rich source of potent
transplantable hematopoietic stem cells. The uses of these isolated cells
for clinical transplantation therapies are also described. BACKGROUND.
10 The haemopoietic system is a complex hierarchy of cells of different
mature cell lineages. These inclgdd.famongst others, the cells of the
immune system that offer protection from invading pathogens, the cells
that carry oxygen through the body and cells involved in wound healing.
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emopoietic progeny, but may also be able to differentiate into cells of

Ievihnsicsusete coilt BResrdlitinia Proedids terifed3boprastdity T iFihagethat
£aimsCRN, be-substantiaieditwerd QRem U A VaSbaFaY-0k NV these celis

that are also ofien targets of mutations that result in a number of blood-related diseases

and/or malignancies. [t is therefore not surprising that these cells have been the subject
of intense studies due to their enormous poteniial in clinical applications. Studies have
focused on ways of harvesting HSCs from different sources, on ways of enriching for
them, expanding their limited numbers outside the body, storing them and
manipulating them. As these cells have the ability to replenish the entire haemopoietic
system, they are not only currently used for transplantations following haemotoxic
insults such as radiotherapy or chemotherapy or for the replacement of leukaemic
cells, but they are also attractive targets for gene therapy, since the genetic
manipulation done in HSCs will be passed on to all the blood lineages as these cells
differentiate. There have also been a number of reports in the last few years that claim
that HSCS are not only restricted to producing haemopoietic progeny, but may also be
able to differentiate into cells’ of the liver, muscle, gut and brain in a process termed
plasticity. If these claims can be substantiated, it would open up a vast array of new

HSC-based therapies for diseases such as muscle-wasting diseases or



HSC-based therapies for diseases such as muscle-wasting diseases or
WO 2006/090286 PCT/1&20061000745 2 neurodegenerative diseases
(reviewed. in (de Vries et al., 2004; Pamphilon, 2004; Peterson, 2004)).
WOohEidkally, HSCs have been obtained from the bone meFBwHc/000745
donors 5 (autologous or allogeneic). Despite the fact that relatively high
numbers of HSCs can be obtained in this way, it is a rather cumbersome
and invasive process that requires general anesthetics for the donor and
further handling and purification processes (Pamphilon, 2004). Other
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vasidingindhg bone marrow, HSCs have also been observed to circulate
in 10 the peripheral blood. The number of these circulating HSCs can be
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increasing attention in recent years (reviewed in (Rocha et al., 2004). It
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15 Pranhirsrd¥bst-disease (GVHD), which not only results in graft
rejection, but can also have a serious health impact. By using these more
naive Bt SCs, it wa%cﬁ)ggrv d that thed inciQ%n.c% oJﬁCea;{.lélD glapeQGth cars
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(reviewed in (Rocha et al., 2004). It was found that the umbilical cord vessels of

newborns contain HSCs (Benito et al., 2004; Cohen and Nagler, 2004; de Vries et al,,
20 2004; Pamphilon, 2004), This tissue is normally discarded and therefore obtaining this
tissue requires no invasive procedures for the donor. It was also observed that cord
blood (CB) HSCs are more naive than adult HSCs which results i less stringent
criteria for FILA matching (allowing a mismatch in 1-2 loci) which makes these cells
available for unrelated, partially matched recipients and thus to a much wider
25 population {Benito et al., 2004; Cohen and Nagler, 2004; de Vries et al., 2004). The
consequence of using a mismatched graft is a complication known as graft-versus-
host-disease (GVHD), which not only results in graft rejection, but can also have a
serious health impact. By using these more naive CB HSCs, it was observed that the
incidence of GVHD can be reduced. Other advantages of CB HSCs include their
30 higher proliferative potential, 2 lower transiuission rate of infectious and genetic
diseases, an immediate availability of the product, thus avoiding the risks for the donor

and loss of registries, and the relative ease with which HSCs can be obtained from the
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30 higher proliferative potential, a lower transmission rate of infectious and
genetic diseases, an immediate availability of the product, thus avoiding
the risks for the donor and loss of registries, and the relative ease with
WoHieh/PIBIBS can be obtained from the WO 2006/090286  PCT/IB2006/000745
PCT/IB2006/000745 3 CB (Benito et al., 2004; de Vries et al., 2004).
Protocols have also been established that allow the freezing and thus
long tern storage (more than 15 years) of CB HSCs which has resulted in
the establishment of a number of CB banks all over the world (Benito et
GB. (Be0#; deaV/rig80st dt, YOG4 PAmPHIfon 2002y sTee sl Berat4iatiisied
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2004), the cooperative network of experienced CB banks, 1815 children
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cells. Most work concerning the haemopoietic potential of the placenta
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t&%rcnoﬁ ﬁlé%yse, ?nﬁ%%ﬁ%&ﬁﬁgé%lﬁ? %?éga vessess’?Downs e'1t al., 1992?).&I1r’11 t?leme
shickenibyedtnelaldhesiéshas been identified as a haemopoietic site
(Caprioli et al., 1998). However, in murine embryos it is not yet clear
whether the allantois is haemopoietic (Downs and Harnlaim, 1997%. The
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BaLseembrg andspakescontach withhdheecharioaiatiodhi fleviewadadtenta
hga%rgggﬁ %gigfgﬁ}g:erg Su% ageaiiiozugg ?nacgd%roﬁeectﬂ%i’ioza%g%ic placenta forms at the
junction of the allantois and chorion and thereafter, the aliantois coniributes the fetal
vascular and associated stromal components, including the umbilical vessels (Downs
et al., 1998). In the chick embryo, the allantois has been identified as a haemopoietic
site (Caprioli et al., 1998). However, in murine embryos it is not yet clear whether the
allantois is haemopoistic (Downs and Harmann, 1997). The murine aliantois derives
from the mesoderm at the posterior end of the mouse embryo and makes contact with
the chorion at E8.5 (reviewed in (Cross, 1998; Cross et al., 2003a; Cross et al., 2003b;
Han and Carter, 2001; Rossant and Cross, 2001). It is at this time that the mouse
placenta contains its first haesmopoietic activity in the form of cloenogenic haemopoietic
progenitors including CFU-GMs, CFU-GEMMs, BFU-Es and HPP-CFCs (Alvarez-
Silva et al., 2003). Moreover, between E10 and E12 these progenitors were present at

numbers higher than those found in the other sites of fetal haemopoietic generation,

fhe volk sac, aorta-ronad-mesonephros (AGM) and fetal liver. Progenitor numbers
¥ > g 1



Han and Carter, 2001; Rossant and Cross, 2001). It is at this time that the
mouse placenta contains its first haemopoietic activity in the form of
clonogenic haemopoietic progenitors including CFU-GMs, CFU-GEMMs,
BFU-Es and }WP-CFCs (Alvarez 30 Silva et al., 2003). Moreover,
between E1.0 and E12 these progenjtors were present at numbers higher
than those found in the other sites of fetal haemopoietic generation, the
yolk sac, aorta-gonad-mesonephros (AGM) and fetal liver. Progenitor
incRYIDARES 4: IRgRasR MRl gLRelore PibHowever, iRdbese SdieSied
it was not investigated whether the placenta also contains HSCs. In a
whegies Hicaplatict aftheoniHBrERY Society for Hematology meeting (Mikkola
et -al., 2004), it was reported that the mouse placenta contains HSCs. The
onset of HSC activity in the placenta occurs at E10.5/11.0 and expands
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towmdeiskeptaderitaeshatothelhusmamkplacewtanavth e tivee of dirthofi@hle Soulca of
s kﬂ dividual is a rich source of HSCs. In addition, the inventors have found
that HSCs isolated from the placenta are of a more naive nature with a
higher proliferative capacity than HSCs isolated from peripheral blood or
ThRORRMAFMAs FRYRINR firskasnect Berg.is Rryidest ?fg'@%tmq}f%x eutic and
obtalnlng a population of haemopoietic stem-cells (HSCs) which method
othebiipises extracting those cells from a placenta of a human individual
post-partum. Isolation of HSCs from the placenta follows a well
e ished protocol and will he familiar to those skilled in the art, and
fte requiring more handling steps than cord blood (CB) HSC
isolation, results in higher numbers of HSCs. As with cord blood HSCs,
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The present inventors have surprisingly found, contrary to previous suggestions
concerning mouse placenta, that the human placenta at the time of birth of an individual
is a rich source of HSCs. In addition, the inventors have found that HSCs isolated from
the placenta are of a more naive nature with a higher proliferative capacity than HSCs

isolated from peripheral blood or bone marrow.

Thus in a first aspect, there is provided a method for obtaining a population of
haemopoietic stem-cells (HSCs) which method comprises extracting those cells from a

placenta of a human individual post-partum.

Isolation of HSCs from the placenta follows a well established protocol and will be
familiar to those skilied in the art, and despite requiring more handiing steps than cord
blood (CB) HSC isolation, results in higher numbers of HSCs. As with cord biood HSCs,
routine record keeping for HLA type, storage and a network of banks can easily be

established, thus resulting in the immediate availability of low risk HSC grafts.



routine record keeping for HLA type, storage and a network of banks can

easily be established, thus resulting in the immediate availability of low

risk HSC grafts. 5 Thus, in a further aspect, there is provided a population

of haemopoietic stem cells (HSC) isolated from the placenta of a human

individual post-partum. According to the above aspect, HSCs isolated

from the human placenta post- partum are of a more naive nature and/or

have higher proliferative capacity than HSCs isolated from peripheral
Thysiod GBSt P PIaBENler s EERIRIG P TR HiRFENTIER els (HSC)
isosuithlefaisiaageyf fraezinginethods pthaptellaw a well established

protocol and will be familiar to those skilled in the art. As with cord blood,

human placental HSCs maintain the viability and function after storage in
Acdiefdid hitratre abdncorreetn bbtim sntatpibfeors disdwsed @lpeplifapieti-pirtum are
of mf%mq;a%%@@mng%&%wq{% cfrom iReplacena#f abvmendndividuakom

that maintain their V|ab|I|ty and function after storage. The

Pefﬁ’?é éﬁ ?R%?ft FEHEVESUnd that populations of HSCs isolated from

human placenta may be expanded (that is increased in number) by
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roup consisting of the following: IL-3, IL-6, Tpo, O
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witthose skilbediinniae aidoailidhéiSWareaofiothdregrowih fantidrisuitabldiforsthege
i ﬁ%lﬁggﬁt%n %f HSC's. In one embodiment, there is disclosed a method for
ovidinga population of HSCs comprising the steps of: (a) Extracting a
population of HSCs from human post-partum placenta, and (b) Treating

in Hﬁatdmwi@ﬁi@ﬁ aheells withioag @fmﬁt@ﬁﬁwﬂlhfﬁﬁh@fﬁ)i&m@t@mu@s isolated

co |stn of: I3, IL-6, TpO SCF, GM-CSFE, MIP )
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funptm;e&ﬁar anatior with explant cultures derived from aorta gonad
mesonethros (AGM) and/or stromal cells lines derived from these tissues.

The6 present inventors have found that populations of HSCs isolated from human placenta
may be expanded (that is increased in number) by treating those celis ex vivo with any
one or more of the growth factors in the group consisting of the folldwing: 1L-3, IL-6,
Tpo, OSM, SCF, GM-CSF, MIP1y, Wnt, BMP, NGFB. This list is non limiting. Further,
those skilled in the art will be aware of other growth factors suitable for the expansion of
HSC’s.

in one embodiment, there is disclosed a method for providing a population of HSCs

comprising the steps of:

(a) Extracting a population of HSCs from human post-partum placenta, and

(b) Treating that population of cells with one or more growth factors in the group
consisting of: IL-3, IL-6, Tpo, OSM, SCF, GM-CSF, MIP1y, Wnt, BMP, NGF[;

(c) Optionally treating them with explant cultures derived from placenta, and/or with
explant cultures derived from aorta gonad mesonethros (AGM) and/or siromal cells

lines derived from these tissues.



These treatments (b) and (c) referred to above can be performed
individually (that is either one or the other treatment) or in combination.
Further, when administered in combination, the treatments may be
administered either sequentially or simultaneously. In a third aspect, there
is provided a method for providing agopulation of human HSCs
comprising the steps of. (a) extracting a population of HSCs from human

ost artum p cen eating that populatio eils w eor .
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derived from AGM and/or reaggregation cultures and/or stromal cell
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cocinglividual post-partum that maintain their viability and function after

storage. In a seventh aspect, there is provided the use of HSCs isolated
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aftestiveeefrom these tissues. These treatments (treatment with growth
factors and explant cultures/stromal cells may be performed individually

in a seventh aspect, there is provided the use of HS8Cs isolated from the placenta of a
human individual post-partum in the manufacture of a medicament for populating a
variety of non-haematopoietic tissues of an individual with haemopoietic stem cells
‘and/or the progeny of those cells obtained after ex vivo culfure.

In one embodiment, there is disclosed a popuiation of HSCs extracted from human
placenta wherein the number of HSCs within that population has been increased by
treatment of that cell population with any one or more growth factors in the group
consisting of the following: IL-3, IL-6, Tpe, OSM, SCF, GM-CSF, MIPly, Wat, BMP,
NGFB. Further, the disclosed human HSC's may be treated with explant cultures derived
from placenta, and/or with explant cultures derived from aorta gonad mesonethros
(AGM) and/or stromal cells lines derived from these tissues. These treatments (treatment
with growth factors and explant cultures/stromal cells may be performed individually
individually (that is either one or the other treatment) or in combination. Further, when



individually (that is either one or the other treatment) or in combination.
Further, when 6a administered in combination, the treatments may be
administered either sequentially or simultaneously. In another
embodiment, there is disclosed the use of HSCs isolated from the human
placenta of an individual post-partu |n therapy. In yet another
embodiment. there is disclosed the se of HSCs isolated from the human
placenta of an |nd|V|duaI post-partum in populating an individual with

ad ?&9@&@%@5&5 hénnv chraggfbﬁ{a%;ﬁpoo?%\m%t@& jm%ddg

the use of HSCs Iso ate from t cerit uman indivi ugl(q\l@%%% Iy or
simpdigppaitlim in populating a variety of non-hematopoietic tissues of an
individual with haemopoietic stem cells. In yet another embodiment, there
~is disclosed the use of HSCs isolated from the placenta of a human
In i@ihieiuaMbestopEYuiers bi)ﬁ&ﬁé@ﬁ@dat%rﬂéﬁy‘ﬁp Hefh we ladelognaBe human
plafath/ 4 BR0RGI0QRZ csghel;gg{aﬁgtq[;,}cgjlgltg}%,)tissues of an individual with ex
vivo treated/manipulated haemopoietic stem cells. DEFINITIONS. 5
Haemopoietic stem cells (HSCs): Pluripotent stem cells are found in
In gertainieiganssfinibe: bady symaﬁﬁwm@m@mmam e fd@oehe human
These stem rm cells of all ma re blood cell |i s and are thus
PG A B PSR TG TR Bh e LI G AR SRRy s
celmyeloid lineages in all the haemopoietic tissues such as 10 bone marrow,
spleen, thyrnus, etc. In addition these cells are capable of self-renewal.
They provide for life-long production of all lineages of haemopoietic cells.
in yeisuhdse coelislihararaaiso dftstotargbts ok mititions thatddsult theaplacenta

of QHUE%{ ahologdarelated al‘?ﬁ%%?%%iﬂﬂglﬂr @%’é%@%ﬁ%on%‘x‘&ﬂatopmenc tissues

haemopoietic stem cells are typically of 6w forward scatter and'sid
of @bﬁl@é&‘léﬁf’éh}él‘wlﬁ@ﬁp@?téﬁﬁéﬁﬁ@m%éedures. Some are 15 metabolically
quiescent as demonstrated by Rhodamine labeling which allows

In yet another embodiment, there is disclosed the use of HSCs isolated from the placenta

of a human individual post-partum in populating a variety of non-
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determination of mitochondrial activity. Haernopoietic stem cells comprise
certain cell surface markers such as CD34, CD45, c-kit, Sca-1, PLOP,
Flk-i, Mac-1, CD31, VE- cadherin, endoglin, etc. They can also be defined
vigs 0edledesking the expression of the cell surface CD38 markaregmos /604745
example. However, expression of some of these markers 20 is dependent
upon the developmental stage and tissue specific context of the HSC.
Some HSCs called "side population cells" exclude the Hoescht 33342 dye
as detected by flow cytometry. Thus, HSCs have descriptive o
heharacteristics thabaHovnfbyithelr widestficab oreaisd TSoIRIBAC 2BARBRPEICHC
Stgﬁale@%ooietic stem cells: Haernopoietic step cells from embryonic, fetal
and early post-partuun sources can be considered naYve. Naive defines
those HSCs that are the direct (or almost the direct) progeny of

pRgaheaniepoietic cells, for example the direct progeny of
haemangioblasts (common precursor cells for endothelial and

haemopoietic lineages) or endothelial cells with haemopoietic potential.
Betive HSTS B0 selsdHS G Flyspaiasmse Sibiter dave pBsntra sheaas of
DY AT NArDNEhTHSK: GRS aMRliied i araatae Rumbes abRrOgeRYLS all
than older bone marrow derived HSCs. Tlheg_ have a Widertgan%}e\yg. e
IHRFET SHASH 51T D ORISR A TS A RABTE &) FaruPRtE ¥pddia e
s2H06/090286-RUTHB 2006/0007 EntJeand B W phonytes:that adeitdones

marrow HSCs, cannot. Importantl ive HSCs _are less i i
LRSS SRESE rgg 3H%eetacr?§ltf¥%gr§%%lﬁ‘e}18§ncggsu%§§%g%ﬁggltﬁf%r%ﬁlewal'
Tisanspaiiations fintutighalmatohetkddhenissiol Basailabists AchBpllAtiBASe
cgﬁshﬁi%%% ‘%{Fs‘;ﬂco%&ma‘igg% ASarding. e, e RISSENS INVERHPB Biood-related

population of haemopoietic stem cells refers to more than one stem cell.
dpraferabi/i rerEEIHTErSHRN2SBORE DD, BoT 18812615, HEvSa08 oV
760004 509001 13, Q90 2Q,000,0K:00 1,908 Eells1dBetric procedures. Some are

Populating/Repopulating an individual with haemopoietic stem cells:
bR o LRSS Hve o TRUEIBEY hkYei ,ﬂ?é‘l?g}ﬁ? ré#é%é%i %f’glésﬁr%jws

dhe-numbers apdiemdunetionalastiingabpaettopaietie stesmpals ¢artum cell

individual, In a preferr iment of the i iony, the,individyal-is §_
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dittivichual)drefers ¢@. They can alse be defined as cells lacking the expression of the
cell surface CD38 marker for example. However, expression of some of these markers
is dependent upon the developmental stage and tissue specific context of the HSC.
Some HSCs called “side population cells” exclude the Hoescht 33342 dye as delected
by flow cytometry., Thus, HSCs have descriptive characteristics that aliow for their

identification and isolation..

Najve haemopoietic stem cells: Haemopoietic stem cells from embryonic, fetal and
early post-partum sources can be considered naive. Naive defines those HSCs that are
the direct (or almost the direct) progeny of non-haemopoietic cells, for example the
direct progeny of hasmangioblasts (common precursor cells for endothelial and
hasmopoietic lineages) or endothelial celis with hasmopoietic potential. Naive HSCs
possess the most extensive proliferative potential since they are young. They can be
amplified to greater numbers of progeny than oider bone marrow derived HSCs. They

have a wider range of differentiation potentials and for example may generate special
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the process of substantially separating those HSCs from human placental
tissue. Those skilled in the art will appreciate that as a result of the
extraction process the HSC cell population obtained may not be 100%

Wsurensep28xample there may be present other cell types, cell ek ¢isawe 745

matrix material and so on. Advantageously, the extraction 20 process will
result in an HSC cell population which comprises 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 88%, 89%, 90%, 92%, 94%, 96%,

98%, 99% HSCs as compared with other cell types. Most
TadvaRtageplsty ithéhekadidtibpprocass il e s sl naive H5Cs

Honulation.which samprisessl00%HIC s:-ancmparediwithatheincell used
types. 25 BRIEF DESCRIPTION OF THE FIGURES Figure 1 (A, B, E)
&l}g@#ﬁé@iﬁ@@@%ﬂﬁ@f@% Horythe YA OF USRI mouse
embryo and (C, D, F-I) the development of the placenta. 30 Figure
%Temogoiet%c fem cells,in mouse

¢ dg%iylirlcbeSt P emapel eetof g}ﬁa&egéﬂ]s_h ceoriing 10 the present [nvention, a
BRI SEn G- LAERERSH UE) TRBWEhigH Multi-hematopoietic ’

evel,
Jineage WO!2006/000286 RCEILB2BO6I00074 58 popatatioh. Byeferably, it

2 81%%9'[&1"&% %S% in the @%,%Q,F’ﬁﬂﬁ%ﬂ,s%&% ahiransplanied sicgoBrNo, 000

shows fd phenotypically indicating HSCs in the placenta. Figure
@ dadélibedishe distribution of haemopoietic stein cells in mouse placentas
with 5 antibodies specific for hematopoietic markers (A-D, M) CD31,

E-H, N) CD34 and (I- L, O) CD41. Figure 4 describes histological 4
%@%ME%FE%B&%’&%&& FaR SRR LR A Aocording to

igernanstiatesdheilegalisation:of haemegoeietic stermroalls withinnmousenti®r

lacentas. Figure 5. Thepost-partum placenta contains.haemopoietic stem
BEOETl8 & GrOlR RGP 7 dnd NGE(a Tl ease Bha Bivp P

antadgomnsts {gre mivandstaind mdggiwpdecreawerthaemopoietic stein cell
numbers in mouse AGM stromal cell cocultures.

The term ‘extracting those cells’ (from the placenta of a human individual) refers to
the process of substantially separating those HSCs from human placental tissue. Those
skilled in the art will appreciate that as a result of the extraction process the HSC cell
population obtained may not be 100% pure. For example there may be present other
cell types, cell and tissue matrix material and so on. Advantageously, the extraction
process will result in an HSC cell population which comprises 40%, 45%, 50%, 55%,
50%, 65%, 70%, 75%. 80%, 85%, 88%, 89%, 90%, 92%, 94%, 96%, 98%, 99% HSC s
as compared with other cell types. Most advantageously, the extraction process will
result in an HSC cell population which comprises 100% HSCs as compared with other

cell types.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 (A, B, E) describes HSCs clusters along the vasculatwre of & developing

mouse embryo and (C, D, F-I) the development of the placenta.

Figure 2_describes the presence of placental haemopoietic stem cells 1 mouse

embryos at mid-gestation. A) shows high level, multi-hematopoletic Lneage
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Figure 7 shows (A) the structure of the human placenta and the segments
used for HSC isolation and (B) shows FACS evidence of phenotypically
defined HSCs in the 20 post-parturn human placenta. Figure 8 shows the
Wsragerie286 potent single and multilineage hematopoietic. PrOTERit0s/000745
(CFU; colony-fonnining unit) activity in post-partum, human placenta. 25
Figure 9 shows evidence of functiongl HSCs in post-partum human
placenta as measured by hematopoietic repopulation in the SCID-NOD
xenotransplantation assay (A) In vivo method to test for placental HSCs
{BPEAGS analysisel FEpiantisbonagiecy PereanaiEIsrYatipisst B-D
sR10Rd: 30 &Q{érﬁhlego .E‘é?l%hﬁ‘&f%étﬂ%’@l@%%ez@ W@ﬁﬁplacenta tissue
with IL-3 increases Cs 1.8- to 5.0-fold. WO 2006/090286
PCT/1B2006/000745 10 DETAILED DESCRIPTION OF THE

Fif x%@ﬁ@x%b%@\h@ﬂf@ﬁﬂﬁﬁo%fd’ﬂ Sesmbamhuman mstié?azﬁtmn @mszaliﬁsthﬁth
placenta. 5 In a first aspect the present invent i [
SR g  BOpU SO AR GUIets lon Sl IS ey eh metad ¢

Lcampiisds extracting those cells from a placenta of a human individual
post-partun. According to the method of the invention, the term “extracting
those cells' (from the 10 placenta of an individual) refers to the process of

Hghstantialsrséparatiie) icsk HSCS o R dige eiftdl FREGaC P HE SESRMBOn

Anihe arkvilaprieciate thal.asadasult ofthe Bxiaction Hacess e HSGe
cell population obtained may not be 100% pure. For example there may

%@‘Eﬂf@éent other cell types, cell and tissue matrix material and so on.

Advantageously, the extraction process will result in an HSC cell

Egopglat!ﬁ which 15 co ri%es 40%, 45§/o, 50% 5%2/10 69({%), 65%, 70%,
B5° S0BATHS TR GHH CEOTA OO 8% 6350, D60 BVt 99% HSCs as

compared with other cell types. Most advantageously, the extraction

TGure 5 E“!J!!&%?%L%ﬂ%‘.@ﬂﬁ% gel ﬂ%ﬁ?%%&é’%@iﬁ% SARPYURES HANX oremiin
§ as'compared with. other cell types. 20 Extraction techniques. ﬁs
HBAGssomingsrease haemopoietic stem cell numbers in mouse AGM stromal cell

cocultures.

Figure 7 shows (A) the structure of the human placenta and the segments used for
HSC isolation and (B) shows FACS evidence of phenotypically defined HSCs in the

post-partum human placenta.

Figure § shows the presence of potent single and multilineage hematopoletic

progenitor (CFU; colony-formining unit) activity in post-partum human placenta.

Figure 9 shows evidence of functional HSCs in post-parlum human placenta as
measured by hematopoietic repopulation in the SCID-NOD xenotransplantation assay
(A) In vivo method to test for placental HSCs (B) FACS analysis of recipient blood
and (C) PCR analysis of recipient blood.

Figure 10 shows that ex vivo culture of mouse placenta tissue with IL-3 mereases
HSCs 1.8- to 5.0-fold.
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FACS (fluorescence activated cell sorting) analysis may be used to sort
and separate 25 HSCs in the placenta from other cells types on the basis
of one or more cell surface markers which are found on the surface of
WaS@s/emBare advantageously absent on the surface of otherTeEb&ypeg 745
present in placental tissue or vica versa. In a preferred embodiment of the
above aspect of the invention the cgll surface marker 30 is any one or
more of those in the group consisting of the following: CD34, CD38,
CD31, c-kit, Flk-I, KDR, Mac-l, CD45, Scal, Hoescht 33342 exclusion,
Bhdddiin DRR I RgNiR L 8E DOGANE-2006/090286
PCT/1B2006/000745 Il The FACS allows cells to be separated and
isolated through the useﬁ%a ed antibptdies ang-ig) Iun@gle%lgulins, or
%Wé‘i“iﬂﬁ%ﬂ‘?gﬂg%%%ﬁl(? AP PREEIRBIL Mixitire 1< Tunnefled
through a nozzle which isolates cells and charges them. At the 5 base of
TithefFAGSethére mre@varatilyrcharg e defiettivhiptateisiang egipopuiation of
. collectors, In_ order. t ith similar:si
e o o b, vae
phceomplis e by is5pEHd PR tha 8@ls in a fluid (e.g., saline). This
suspension of cells is then forced through a fine, high-pressure nozzle or
fluidic diluting system V\Lhich,di_stribute? the cells into a siT%Ie 10 1filel(:ylne 0
AFENEBH (RIGA AR RACHOIROAS T TS ar THRYPAF PAH of te FACE™
piechrigenLight stuking each cell iscscatiefedhbBantisihgsepectrogit:devidess
that measure scattered light, and fluoresce differen f.
P BEEC Lt e (EPTEH EACS S S Shs ol Aosh collecinar e
ekranchivarerrtights stattBS Sensiorecantitiohobimuiip e p YUBES IR VIES), Ths. For

gt se ﬁ%&gé fﬁ%e@S% Srg{@&ﬁ‘?‘ldfﬁe['h@ellfg ég',aééﬁ 1psscatiered:hy eaehhseling so
ifferent a

rom two gles. The forward angle light scatter sensor (F,ALSH
ogatiirnikgTOsEattreeriFrtheTORREEd HHEERI RIS fiRfe SHseattdteanightc™
HiMESR:Chue, 2340, asoell's sizesd3ight angleorthngenal, orssidedighbscaites,
%h) sensors gather Iig?htoscatgered at 90 from the. ori ina[.dir? tion of the
Kt Sittce’ Phis Hight reveaietall Hrafiaty ret Abtiveitbst® gnta%se 108
aptesereeuefintraceliwan strueivees 1 thatteflechligis Rakizyopcieicz wétch
al. 335). t nsors are useful in. distinguishing cells based on the
SO S e e e

Extraction fechnigues.

(i) FACs sortine.

FACS (fluorescence activated cell sorting) analysis may be used to sort and separate

HSCs in the placenta from other cells types on the basis of one or more cell surface

markers which ave found on the surface of HSCs and are advantageously absent on the

surface of other cell types present in placental tissue or vica verse.

In a preferred embodiment of the above aspect of the invention the cell surface marker
is any one or more of those in the group consisting of the following: CD34, CD38,
CD31, c-kit, Flk-1, KDR, Mac-1, CD435, Scal, Hoescht 33342 exclusion, endoglin,
PLCP (Robin et al., 2004)
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display more SS than lymphocytes (Kidd and Nicholson 229). In addition,
different cell lineages or cells at different stages of development i.e., pre
B cells versus plasma B cells) can be distinguished based on their

W RMeraedsd side scatters (Kantor, Merrill, 25 and Hillson 13PL)i/Enelhoo745
PMTs detect fluorescent emissions from the fluorescent dyes on
antibodies bound to cells or from autg-fluorescence of the cells. To collect
selected cells, the cells are passed through an electric field generated by
oppositely- charged plates. By changing the direction of the electric field
between the plates, selected cells can be directed into precise collection

z%%e%%éﬁpﬁ%%i%% How 3QGyiametnyy” Manual afblinicald aboratopgeed
Immunology, 5th edn. Ed. Noel R. Rose, WO 2006/090286 .

AP E2606I0TIITASIOPRIE e Py Whsh\NEY HENTEREHS, TFaMs 155 FolaSapP!e
nﬁﬂg\ﬁgé qsl—ﬁilﬁﬁt?ﬁ‘ag@_llﬁﬁNéh“baﬁ&iﬁié;aﬁhi‘dﬂa@m%%&i@ Lad Amersaiyn(ii)st the
s analysis. e process_of magnetic.cell sorting will be famjliar to
S SR B B LF B L s B o o B
calernative-$oobAEAGSHItihg indxidadtingla ypop saidn of4d 303 flowity to the
ost-partum placenta. 10 (iij) Oth hods.f acti f °So
O oS DA o, B g S oy e Shchon g e
cHiBUs frémihlmmnspbstpditinpisita dheridelairbrigrerhibre sr thélne,
Heehniques selented famdhearup sensiating @byxisdbesion dosplasticsingle-

rotein coated plates or matrices, densi ggradient fractionations. 15 (Bz)\
Briapdletiecste R CaIsePabiEdrom posePattuth ESEMBETRE! FACS
(Rresgnt inventossave faundaptentddtisalinBieuriopsaplaceintaevices that

beginning at E| |. and increasing in number thereafter..The inyentors took .
BVATRATRIBFA WRl-RRONKY 50 HEC et E@@éﬁfwﬂs T SR o oe

§%ort lfortp?acen‘f
it Es-andfoundthatplagental HSCs have mangvof thé ghienatypicnsors and

PR SRRy S ety ek gesess o
switercdiving.eseaid fomny eemif fightlavdesnilhieifaesed Ragmbpsistriter sensor
(ﬁ%&gﬁug@tﬂ?&s light scattered in the forward direction. This type of scattered light
gives a clue as to a cell's size. Right angle, orthogonal, or side light scaiter (SS)
sensors gather light scattered at 90° from the original direction of the light source. This
light reveals cell granularity, refractiveness, and the presence of intracellular structures
that reflect Lght (Darzynkiewicz, et al. 3335). Scatter sensors are useful in
distinguishing cells based on the cells' different structures. Neutrophils, for example,
display more SS than lymphocytes (Kidd and Nicholson 229). In addition, different
cell lineages or cells at different stages of development i.e., pre B cells versus plasma
B cells) can be distinguished based on their forward and side scatters (Kanter, Mermill,
and Hillson 13.1). Finally, PMTs detect fluorescent emissions from the fluorescent
dves on antibodies bound to celis or from auto-fluorescence of the celis. To collect
selected cells, the cells are passed through an electric field generated by oppositely-
charged plates. By changing the direction of the clectric field between the plates,

selected cells can be directed inte precise collection areas. (Apoptosis by Flow

Cytometry." Manual of Clinical Laboratory Immunology, 5th edn. Ed. Noel R. Rose,




L

10

15

[
LA

30

25 However, unlike the Mildcola et al. study (Mildcola et al., 2004), the
present inventors find HSCs in the late gestation mouse placenta. More
importantly, the present inventors find abundant HSCs in the post-partum
winpherplaitenta. These cells are as potent as human cord bBlootB2006/00¢743
haemopoietic stem cells. Thus the postpartum (post-birth) human
placenta is a rich source of HSCs thfazt may be exploited for purposes of
clinical 30 transplantation. Moreover, they represent an important source
of HSCs that may be stored along with cord blood for future clinical
PiherageuticyseMA@i2006/69 0286 RS 1 B2006d 00074B0a8tAV. Nakamura.
I recognjzed hared by tissues within the embryo that are
%&% Bg‘rgt)r?s‘q}%%&gi%j iated development of the vascular systems. A
wide range of evidence has supported hemangioblasts (a common
anesgdermal precursor for both the endothelial and haemopoietic
lineages) and hemogenic endothelium as the 5 presumptive precursors to
emerging haemopoietic cells (reviewed in (Dieterlen-Lievre, 1998;
TNishikeaao 2008 Ihe-plaeentavislinddecidi el aseulatizé thiibsue dhdh 2
thus, it |s oss bIe that both the endot nelial.an 0 o
t%‘@é‘ﬁ te%t Yphra d? Shd’ pe‘rhﬁé}pas lI(O’ﬁarln{lvae g%?ﬁ%@% %%é%ét‘grsigrg >§1It h%lisj i
pthelcdse offiéPCaditive platemtayrowsnthroughout development,
vasculogenesis and haemopoietic stem cell emergence will 10 also and
HSC actrvrty should be |solated in both ceII Irneages Prevrously the
ireigH YL el - F mice
expressrng the green quorescent protern (GFP) under the regulatory
elements of the HSC marker Sea-1. Inl% e stud es it was demonstrated
Rt ATFHSES SRR WAL ESS SR o TG G HABB (H AT retar ot
ﬂWRﬁartﬁjr}adliH bomeoraasrometissiier;(de sBraijni et-ak, 2802iova etalsting of:
S furthe shown munohistologi
SR T P e R o S e LB R Eiions
dorsal aorta, the vrteIIrne artery and the major blood vessels of the YS.

Q8L markers, in

between these two ceII types and supports the notion that HSCs derive
ﬁ%éﬁ%‘t@%mﬂv@ ganie Rdethetialigells thalsarapesenifonat least |

(perrod of time during midgestation and erha(pslat ater est?tron
and increasing i number theréafter. The mventors ook advantage of a weil-known

HSC marker (Scal) to sort for placental HSCs and found that placental HSCs have
many of the phenotypic properties of bone marrow HSCs. Most importantly, they
possess potent repopulating activity when transplanted into irradiated adult recipient

mice, giving rise to long-term, high level, multilineage haemopoietic repopulation.

However, unlike the Mikkola er o/, study (Mikkola et al., 2004), the present inventors
find HSCs in the late gestation mouse placenta. More 1mportantly, the present
inventors find abundant HESCs in the post-partum human placenta. These cells are as
potent as human cord blood haemopoietic stem celis. Thus the postpartum (post-birth)
human placenta is & rich source of HSCs that may be exploited for purposes of clinical
tratlsplamatien. Moreover, they represent an important souwrce of HSCs that may be

stored along with cord blood for future clinical therapeuntic use.
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stages and early post-partum. 25 In extending the analysis of these HSC
marker transgenic embryos to earlier tunes in development, E6-E7.5,
high GFP expression was found restricted to extraembryonic tissues; the
vaempiagersal cone and the extraembryonic ectoderm. Sincedhnesetsias 745
contribute to the placenta, the temporal expression was examined in the
placenta, beginning f om E9, just aftiag the fusion of the chorion and the
allantois. 30 At all stages examined, the inventors found high level GFP
expression restricted to the embryonic/fetal vessels of the placental
labyristhv(thiertayeriofthEplacestarwhéne thevembyijonidisircibiich Bsines
INto contact. wj r irculation)..Lh 2 ,
D000 000 P48 T obetrMi brotapted heim (o et for Hac e
ceickvity InterpratdrianTraoigatGr SOTRUAR et deatyseiEE fog e th the
cindeed; present intheplacentansiading fremihandidhahtheyrig.again the
exclusively found in the Ly-6A(Sca-1)GFP+ fraction, Moreover,  other. .
S RET CBBCAIE P G BRTS 1 R MBS R i ek
1esults Siraplicate thel plasiaptatassapietent gelieratingiseutcesef and thus, it
. haemopoaietic stem cells and . that these cells may arise from lac I
i Stk e R
altheyranesifrived dfromehesmissyo Ahdithisshthese. Bellsasoba@dechidh grows
tﬁf&lgﬁsaw%ﬁ%m@; extensiveqoeneratieRatentialandarentisetubiorin

transplantation to unrelated recipients. 10 Haemopoietic stem cell
V1B BRETRCHH TRESHURGERT &85 [8IBSBIF PalkfaRsSthat of the mouse

embryo. Several elegant studies (reviewed in (Marshall and Thrasher,

2001; Peault, 1996)) have been performed to examin tge oI' 'fg}g)thuman
HSCAT RS e HiOUEE oAb e B o BT e IATEA Eah e e
einbeyerpraperikboand theyedasaaothe EZBrobdyoric splalcimoptewmas of
fr -4 weeks | estation)_ contains cells with ilin tial
Oy A 2 oy e e YO et LD s Lol oy vas
cmyfeteidipdher(BEP (Taeiim et AGROOLRIBEgintiAqdrbdisalyatrpy dayacsfde

&%ﬁ’iﬁté?rél(l,‘%%%,“%t 6@"&1%%_2}1@%@%& q{lﬁgr_gg_ RoitstRIigni S isologic
establishment of liver haemolgmess, haemopoietic cell clusters are founc
sagheismy #y-11 embryos that GFP expression localizes to the endothelial layer of the

dorsal zorta, the vitelline, artery and the major blood vessels of the YS. The common

expression of this transgene, as well as other markers, in endothelial cells and AGM
HSCs highlights the close relationship between these two cell types and supports the
notion that HSCs derive from specialized ‘hemogenic’ endothelial cells that are

present for at least 2 period of time during midgestation and perhaps at later gestational

‘stages and early post-partum.

In extending the analysis of these HSC marker transgenic embryos to earlier
times in development, E6-E7.5, high GFP expression was found resiricted to
extraembryonic tissues, the ectoplacental cone and the extraembryomic ectoderm.
Since these sites contribute to the placenta, the temporal expression was examined n
the placenta, beginning from E9, just afier the fusion of the chorion and the allantois.
At all stages examined, the inventors found high level GFP expression restricted to the
embryonic/fetal vessels of the placental labyrinth (the layer of the placenta where the

embryonic circulation comes into contact with the maternal circulation). This
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20 the ventral wall of the dorsal aorta. These cells express surface
markers characteristic of haemopoietic progenitors and it is thought that
these cells colonize the fetal liver and are thus, the founders of the
wium@rr e haemopoietic system (Tavian et al., 1999). Furtheirosethsts
ventral aortic mesenchyme underlying the haemopoietic clusters
resembles a haemopoietic stromal layer with a morphological cell polarity
25 (Marshall et al., 1999). Importanty at least part of the emerging
haemopoietic ceIIs within the human embryo appear to be derived from
ob‘.ﬁﬂsanoﬁh@mmthﬂwall@ (Sbepin i@ achpu?) T SelipdetRyiandiyz érators

fom rﬂoaQ %(ﬁ %7 1&? é%qgéls QfY, 1§d@9&1 p“&éﬂt %9@@%%@11@?'@&@@@@%@@@1 and

eagues pu y cell sorting., on the basis of CD31/CD34 and CD45
ﬂ“@mhess@@m agwidothaHEN aTPSB pBRe iy é&@%ﬁ%@ﬁ@s B S e OV

oImpertantly,.eodothelial GDJild (GP84211c RAS=oebsriaalateduiromhéseresults
AGM and cultured on MS-5 stromal cells give rlg? to haem%Jo

i pdigaiAy R RRAFY? i BB N AR B R SRS TR Sonirast Ane sorte%} Seflg =
frormdhe céBsanky gene ibe:\We ﬂ@%f&@@ﬂ&ﬁlﬂﬁdﬂiﬁ@@@@iﬁomfﬁ@?% these
eloid and NIA ¢ ther, these,results Y- SHPPOUNG s these
gété‘he B Rem i g%eﬁf‘c%goi?[@}]t?’a?rof dﬁﬁ%%r??rﬁ@ryoemc \?ascular e
oelmd@mhwm@mptahf@@tlbetmntlﬁa@méwmléeﬁéﬂ%@ﬁé?gé%étiﬁ thed are

J24man embvo. with that indhe mause.grbryo prompted the inventors

examination of the human placenta for HSCs. 5 Previously, the human
placenta has been examined for mesengenic cells (Wulf et al., 2004) and

mesenchinasabstem-eelsi(Gueiepiehak 2004uRamanowat (&hseZﬁ@ﬁrallels
Zhaég et at,, 2004) but not for hae ng Ehg]p ojetic C prog nl\g%[\%e rH m archall and
b BnsnitIRbiRs TEFEontaITEY ORI TeT bldcentas and propogated

Taryier fontrep:-passHEes) 16-T hese peliswelcexciuserobrzterhdlman
lgéglndgggﬂe 1tC"l1-)Ited dlffereptl Ionnggt%@t‘lﬁllmi@{bgl %%mgg%% embryo 10p61

rogenic, aé)poggnlc an myogenic lineages and they expresse
amhrkergotharactbristiviombrsaiichymshsensueDdoeDd dfgie by ssamtim

O%F} s 2008 MGGV Lo siema/pregenitenaciia have.beenjselated dreric
acentas (Fukuchi et at., 2004; Zhang et al., ZOMnd also from the

%@éﬁaﬁyﬁq‘m%yé}yuﬁbeéw, ﬁatﬂq@aié e e cRGSIHpg ectsely at
umbilical corddRemaneset at. .2008)sThesegellsal, 1996), just prior to the

establishment of liver haemopoiesis, haemopoietic cell clusters are found adhering to
the ventral wall of the dorsal aorta, These cells express surface markers characteristic
of hasmopoietic progenitors and it is thought that these cells colonize the fetal liver
and are thus, the founders of the human adult haemopoletic system (Tavian et al,
1999}, Furthermore, the ventral aortic mesenchyme underlying the haemopoietic
clusters resembles a haemopoietic stromal layer with a morphological cell polarity
(Marshall et al.,, 1999). Importantly, at Ieast part of the emerging haemopoietic cells
within the human embryo appear to be derived from cells in the vascular walls
(Oberlin et al., 2002). To directly analyze the hasmopoietic potential of YS and AGM
endothelial cells, Oberlin and colleagues purified by cell sorting, on the basis of
CD31/CD34 and CD45 expression, endothelial and haemopoietic cells from these
tissues. Importantly, endothelial CD317/CD34" CD45™ cells isolated from the AGM
and cultured on MS-5 stromal cells give rise io hasmopoietic progeny including

myeloid, NK and B cells. In contrast, the sorted cells from the YS only generate
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displayed a fibroblastic morphology and expressed the following surface
markers; CD73, CD105, CD29, CD44, HLA-ABC and CD166. They are
negative for CD14, CD31, CD34, CD45 and HLA-DR. As with
vnesesigersc cells, they differentiate to adipocytic and osteopenimlinsagess
and additionally to the chondrogenic lineage. These 20 cells are clearly
different in both phenotype and function to HSCs and may serve as the
supportive microenviromnent for HSCs, providing for their growth and
maintenance. The present inventors have examined post-parturn human
npjakéntasiforithespre Strséhof, HSSs rihby Havechiemimnstiated ehistence of a
Hresenee.of hona fide functional HZCs, 260 hedauman Placenta bylieeen
SETBHNOD in vivo ematopoietic repopulation assay. This
Ivemoneintplartatiop sgssy hdBoBERtsBaToRNE) Sethe G drEdsRyTYo
Jomidentification ot RUMaRHSCS inirRemarn.amebilized peripheral
blood and umbilical cord cell populations. 30 Post-partum placentas were
obtained from consenting healthy individuals. During pregnancy
individuaisoneare sereened sha@rifh iheahseneefiralinfectons. cells (Wulf

blbenal HerE WO IbU80

. mediately fohoing B
B BT BOB 00 T (oA et . 2005
Hxtensively 200Enboved| dodremeiingdmipeepiace mafssdticsmd aisoctols
1%%{"@00\6%3 ategnal biged contamination: Matssaallissue coMBPO GRS Wt es.

Issected away. Placental cells were dispersed by mechanical and _
Brezyredticrastisdetysierd alaéqﬁ@]e%@vw%fbéﬁ%%ﬁ?ﬂ HidGsateisag et
a@%ﬁ%%&@?\g%ﬁcd ngﬁ@fé%%& %gﬁi 3 ‘@igl%f - ROHeaBet lﬁﬁlﬁgé@' sad &E%pressed
placenta] villi and a segment derived from major. placental vaseylature,
‘E@%@ﬁsﬁ?@%ﬁ‘éﬁ&ﬁa%%ﬁ%ﬁ%’é?ﬁf‘kﬁ@%ﬁe%z el a%ga@.ai% Mibised-
HEO. makecs revested high-percetitagesedfe@D34tahd@DB488+an othuchi

lacental segments (Fi 7B). These percent | igher.

s e A e o o RGP e o hal i SV i
plactrth colwaisiabundantidihvaiatare MRemmsoicticael0{rogeriteraslis
aaslemcalailanle Ml LR34 plaeeniatcelsyiers aied aldiesieticers:

I- and multi-ineage ematopoieggﬁ[)rogenitor activity. Both the
VRSeulaPaRd Vil 2bgritts 1Bk thé Blacart& EoRtaidda Cre iegtry fan “D 14,

B5Y-Ec U -EGM 2GR GIMM; (Fighre.&:dicatinglthatdndegekdheate to
CD34 . iy o
adipocytic and osteogenic lineages and additionally to the chondrogenic lineage. These

cells are clearly different in both phenotype and function to HSCs and may serve as the

supportive microenvironment for HSCs, providing for their growth and maintenance.

The present inventors have examined post-partum human placentas for the
presence of HSCs, They have demonstrated the presence of bona fide functional HS5Cs
in the human placenta by the SCID-NOD in vive hematopoietic repopulation assay.
This xenotransplantation assay has been used routinely as the gold-standard for
identification of human HSCs in bone marrow, mobilized peripheral bloed and

umbilical cord cell populations.

Post-parfum placentas were obtained from consenting healthy individuals.
During pregnancy individuals were screened to verify the absence of viral infections.

Placentas were collected and processed immediately foliowing birth. Placentas were
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faction of placenta contains haemopoietic progenitors. All haemopoietic
progenitors 15 were found in the CD34+ fraction of placenta cells and are
represented at a frequency of 7.6 CFU per 100 CD34+ placenta cells.

Wk ggemiterss for both white (CFU-G, CF-U- M, CFU-GM) andaerBpldAm) 745
blood cell lineages were found, as were progenitors with potential for
multiple lineages (CFU-GM and CF:GEMM), indicating the presence of
the most immature haemopoietic ce s in the placenta. 20 The most
stringent test for human HSC function is an in vivo xenotranspiatation of

mq@ummmmpmmmlm fmﬂuﬁ@éﬁ@i@np@@m\u@@emwéeﬂso to

recipient [ e ei iptravenaysiyc:
N

aWemé’ﬂ@mT@ﬂ;@ﬁéblI@%é@%%ﬁé&éﬁé@lﬁ%ﬁtﬁ@ F8f méya}%a%f@gf&aﬁqyygédsa
31 gka:Rastsieansplantation (Figei@B)ddeHaE ﬂe@awlmmgzaéa@mems. 2

acenta Wasgegslvalent or better) than that found in .cord od( ure.
S s HETERR o Ala s RS BHAIACR S BEERIEE S UetSi e 0"
pwbaiﬁewmﬂmmtem@@amtabﬁh@@mathmﬂm) nBismal M3 A CS analysis

f%ﬁ%ﬁ%l éﬁ?&%@%@%emo Igtf 3% %0 C es cﬁ' Eﬁ%‘ﬁ‘a}(ﬁa@%% 38 in bfoth

dwas % shown in Figure 9C, PCR
p@eﬂpﬂaémgbi@ﬁd Ohghue! T8 B SCIBNOBMoEsd Qet@nméri@hébéhwh@hose

fQﬁ N %ﬁfheh%%ﬂ&atfo%&s tane agg%aaﬂge%m@%mﬁ%%ﬁ%@mwm

romosome marker. The equimolar presence of the Y and X W

IROCEA00 0286 PLTA BEBUGIISH LSS ﬁ%ﬁ?@hﬁ%@%@ﬁ’?&?%@r&%ﬁ‘/e@fﬁ%ﬂ

AIE repePYlating HS Gsweraderivedauman; malecplasentab crls, Ehl:l§emtor
demonstratlng that the placenta is a potent source of functlongldEUy

aféwpfuﬁﬁmgﬁgeﬁgulgl(ésdc’éwaﬁae K i, B SRR T G B e B
N SEsisolated-GomeposiFpatavd dEante Thandolloinintaethéerfabe CD34"

R B e Ao e B S CLoas RO g o
wExp Eﬂfmhm@rﬁ ODRde fopoietic mﬂ‘cﬁeﬂ@}iw@t@éﬁfmﬁﬁ@w@&%arfm%ﬁmy
oqj aGeptay per 100 CD34" placenta cells. Progenitors for both white (CFU-G, CFU-
M, CFU-GM) and red (BFU-E) blood cell lineages were found, as were progenitors
with potential for multiple lineages (CFU-GM and CFU-GEMM). indicating the

presence of the most inumature haemopoietic cells m the placenta.

The most sitringent test for human HSC function is an m vivo
xenotransplatation of the putative HSC population into immunodeficient SCID-NOD
mouse recipients (Figure $A). When placental celis were injected intravenously mto
sublethally irradiated SCID-NOD recipients, humen CD45" hematopoietic cells were
observed in the peripheral blood as early as 3 weeks post-transplantation (Figure 9B},
The HSC repopulating ability of placenta was equivalent (or better) than that found in
cord blood (Figure 9B). As the placenta was male In origin, it was possible to
determine whether donor male placental HSCs rather than maternal HSCs contributed
to the haemopoietic repopulation. A human Y and X chromosome PCR method was
used. As shown in Figure 9C, PCR of peripheral blood DNA of female SCID-NOD
mouse recipients receiving human male placental celis (lane 2) showed the presence of

the human Y chromosome marker. The equimolar presence of the Y and X
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Enrichment of HSCs isolated/extracted from post-partum placenta for
therapeutic use and/or functional analysis is possible through a variety of
techniques 15 including density gradient centrifugation, flow cytometric
wapptitgobesed on activation, size and/or cell cycle status angdaombingohe74s
surface antigen expression. These methods will be familiar to those
skilled in the art. However, to date ng unique single phenotypic
characteristic has been found to specifically isolate HSCs. Instead, sorting
for several cell surface protein markers, in combination with the
cteshbiguesmeationes 20 abave rtp ooriumon L Se dvimaiseradchiment ofale
SCs, In thi con ext mouse adult bone
ST Ao T e e v onal i
vtmeps@mﬂ&{ﬁ@kers (Lin), they express the two glycophosphatidyl
inositol-linked immunoglobulin superfamily 25 nnolecules, Sca-l (Ly6A/E)
and Thy 1 (at Iow IeveI) Span rude et aI %988) and also h|

Egitgﬁl_ﬂ_le@@ﬁ[g&;my I "Sca I Lini bone marrow cell populatlon clearly contalns
most/all HSCs. Most recently, adult bone marrow HSCs have been
efficiently sorted based on their staining with. rhodamine and high

T@Bdegﬁwﬁgpdselsﬁmﬁa(ﬁImletsattav%)%o&) ANEt200878902864 from mouse

o TR B, 18 ggtgget HSGmerkers apphighty,senseryed geross
spemes arriers and some vary with species (Thy-1,
CD38), allele (Thy 1 1/1 2, Ly-6A/E), developmental stage and/or

b, %f&ﬁﬂﬁﬂle%&%?ﬁé@ﬁt t MREHSH
). Concerning spatlal 5 and

temporal expressmn dlﬁ‘erences adult bone marrow HSCs can be CD347
or CDBfriHet: abf 2@@@3@%\?@@@@2@@&@@&%@ @bstlt%ﬁj)mwﬁbﬁle:aﬂa for

AGM and fetal liver HSCS re CD34+. Thu moI cular
t&ﬁ&?&&t&&tﬁ@tﬁt@té&l&ﬂ&aﬂibﬁﬂg B Ry t FatEL g, e igues

ryo are somew
ipfietatypeally distirmot fmﬂmfhg&hadmlowmm@mpi@ms;@mg@@b@iron activation,

slt(%gaah%%to Pt Ut l[n t&l}ll( g}% cgol‘ilgbtt%?@ %&%&é@ﬁt&?&%?&sg’z@ﬁ' eMilee methods

emerging ce ISt ing on a stem cell fate. In particular, AGM HSCs are
W@@ﬁ@mfa@t@s@“ desteisgichiith metlmafétr However, to date no unique single

phenotypic characteristic has been found to specifically isolate HSCs. Instead, sorting

for several cell surface protein markers, in combination with the techniques mentioned

above, is commonly used in the enrichment of HSCs.

In this context, mouse adult bone marrow HSCs are the best characterized. In
addition to the absence of mature haemopoietic lineage-specific markers {Lin'), they
express the two glycophosphatidyl inositol-linked immunoglobulin superfamily
molecules, Sca-1 (Ly6A/E) and Thy-1 (at low level) (Spangrude et al., 1988) and also
highly express the c-kit receptor tyrosine kinase (Tkuta and Weissman, 1992). Thus,
the murine c—ki’fThy-IED“'Sca-fLin' bone marrow cell population clearly contains
most/all HSCs. Most recently, adult bone marrow HSCs have been efficiently sorted
based on their staining with rhodamine and high endoglin expression (Chen et al,
2003).
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vasculature of the embryo in a unique inducing microenvironment. The
developmental lineage relationship between the haemopoietic and
endothelial lineage suggested by 15 this co-localization is strengthened
wihogeeagecular expression studies which reveal commoREXBESSIH745
of surface markers such as FIkl, tie-2, CD3 1, CD34, c-kit, AA4.1, FIt-3
ligand, VEGFR1/2, Sca-1, VCAMI apgl transcriptional factors such as SCL,
GATA-2, Runx | and Lm.o2 in both associated cell types in the mouse
embryo (Garcia- Ponrero et al., 1998; Keller et al., 1999; Nishikawa, 2001;
Shivdgsani 64, p1:085s Zhe REHCEIRRITESEN 20002)SHpFiPfe Mififan (such as

cﬁ?&y&’&@%‘% %&Qﬁﬁlsﬁéﬁié‘s)(?[ﬁ§ﬁﬁrdc@)/3‘é§§%ﬂlﬁé endothelial cells/e),

opoietic progenitors and stem cells (Bormet, 2002; Marshall and _
dFtRiaEAERtP0EE PR SpeKBcEDIl i@exenlivety Eaprdste byt 1977
mﬁ%@&‘ﬁ(%%ﬁt!q 9@dsl,s§ mgmgiaf@ﬂ 3@%;‘5@@?@&&% difterertia) expriession efatial
CD34 (or CD31, which is often restricted to the closest e lumen),.
SBRTEISHS DS e CIGTHON GF 3 HEOTe A Gt o
(Glusters, (ED343GDABLIranvadjaceht ep@fothelidk all AGM and fetal liver
s(CD34/31+CD45-) (Garcia-Porrerg.at ai 9L - Jaf t al., 8;

}ﬁ%s(ﬁigllééfjé}l ° %gﬁ@; %Ilavlfle?neg %‘. P i%%‘g) C%% é%]%}%%}%goérgcﬁc%%% 2§"§m1
HAGke iclutersedpyessrsome tvasthopsicaiorieaiscripabngl fiersrsigr adult

c%?ﬁ&ﬁﬁ%@o%@iﬁ%@ﬁ%ﬂ,%ﬁ@ panyreRlegules imwved inhoming.
and adhesion (CD44/HCAM, WASP, CD106/V 30 CAMI, VE-cadherin,

rep3 e BaiHescls HKnDo6: SareislPSifero et al., 1998; Labastie at al.,
1998; Marshall et at, 1999). The majority of cells in the clusters are von
WO 2006/090286 P%é:{gg)o /000745 &9.‘Willebrand facétor (vV.\{ . nd o
are BSL BAHGHIRS tHe Grilefying e Hasmonhsiasne Hodrdis wi i
whedisnran faétaldiverydhe discogimingtion petwsenendotheidlantvHSOsigal
more straightforward since. CD34 ex sign. i iciad:; e leti
g el B R R
teipredsielhzetiBrsersecerblothé lblow keo et gasaplestorinidins which reveal

Sdevelopmentand depsnds alsa.anibe Jlosalization and theisize aki, As4.1,
vessels. For example, all endothelial cells are CD34 and CD31.+, but V$\é/¥£

Hhd BerdR ¥E5TERdignS e rettittb BiHE G lRLeleciy BSE 84
¢hercapiltatiss. severabmarkersdoBad Vi ardectimBolB4 raieyorésenta-

B e Nses T Plped YepSehRvEIORMENt 2001, Shivdasan: et al., 1995; Zhu
and Emerson, 2002). In the human embryo, CD34 and CD31 are expressed by vascular
endothelial cells, hasmopoietic progenitors and stem cells (Bonnet, 2002; Marshall and
Thrasher, 2001). In both species CD45 is exciusively expressed by haemopotetic cells
including HSCs, Thus. the differential expression of CD34 {or CD31, which 15 often
restricted to the cells ciosest to the lumen) and CD45 allows the discrimination of
intra-aortic hasmopoietic cell clusters (CD34/3 1'CD45™) from adjacent endothelial
cells(CD34/317CD457) (Garcia-Porrero et al., 1998; Jaffredo et al,, 1998; Marshall et
al.,, 1999; Tavian et al., 1996). Human ntra-aortic CD347 cells in the clusters express
some haemopoietic transcriptional factors (SCL, GATA-2, Runx1 and c-myb) and also
many molecules nvolved in homing and adhesion (CD44/HCAM, WASP, CD106/V-
CAM1, VE-cadherin, CD31) {Bernex et al,, 1996; Garcia-Porrero et al.,, 1998, Labastie

et al, 1998: Marshall et al., 1999). The majority of cells in the clusters are von
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10 The isolation of HSCs from the mouse embryo for functional studies

has relied mainly on the c-kit, CD34, Sea-1 and Runx1 markers. The c

-kit marker, which is commonly used to sort for adult bone marrow HSCs
vidhehdreemepoietic progenitors, is expressed on 10-15% of midygestation: 45

mouse AGM cells (Sanchez et al., 1996). All 15 midgestation AGM HSCs

express c-kit at high levels as detenpined by in vivo repopulation with

c-kit sorted cells. Since CD34 is expressed on only 25% of c-kit+ AGM

cells, sorting based on both c-kit and CD34 expression yields further _
Veiiohmeritciof ST GepresEfiay - 296 loftistarwehs)iehitne imbipmmerictic
Whigh is agmatyre, macrophage;ineage markerinitheRdWtANEAeL il and

expressed. on adult bone marrow 20 HSCs), is expressed on 50% of .
HEGMiE-RiereHS TSN Eamere £ Bt at- A goBY PRI BpresEisiTtoge e jaticHe
the knownexpsessionafdvaaid onialifetatdienHeGsk suggrstsdiatsbis of

marker is indicative of HSCs that migrate and colonize the fetal Jiver.

SR I FEGES 1R Alo U B e A el Pt 3k on the
iranspliantatio hexperisertsaviti G cashmetried eellsthelia shibmarctidp34” and
r ocalj in both AGM cell fracti -+ -
rltinbiee e E SR S SR e
tfetiat livstisorts SdecBriuiparbeial( CRBD2) Witis lessinl 0t b eRpiaiHetsy He

JOW; Q- pedative.expressian.af Sca-1 by HSCs as they are actively being
generated in the AGM region. This notion is supported by results from
transgenic mice expressing the GFP reporter gene under the 30 control of

the Scar (ho1B0) 98B RUWAMANY SeAeBERsydTihese s, eladuibaned
marrow HSCs express the Ly-6A GEP transgene sorting based on ., .
E"E‘fﬁéye%rf@gs‘?éw’(ﬁaéfh iﬁé-f’é@gﬁﬂ}féﬁ ent ot HSCSY %ang“%gf’, %@) ®
donpastanty=2% sfrEbY\WAuR00GHEAB6 PISTASRDDE/00074EC 2008@N1s, is
cells express.GEP a like the - K’@I(;fe y S

& f)?sésg)gi)gﬁ r%ogl%s/ﬂa Qﬂ@@%ef’na%ﬁg %é?ﬁ%ev on.&j5 iltegalegll gggt-{lggr’o?g ;%%dnéll
thécseirfave ofteseES Cwrazy bilimitiightieyelronl adsiiemugtedteice o

Signal pradysed by eight conieswfidhe by-bA GRR-tansgens Alews ot it
reater sensitivity of detection. These 5 GFP+ cells are found specifically
mg&t@%méw ol si&Eged fef 34 expression yieids further enrichibent

of HSCs {representing ~2% of total cells). Interestingly, Mac-1, which is a mature

macrophage lineage marker in the aduit (and not expressed on adult bone marrow

- HSCs), is expressed on 50% of AGM o-kit” HSCs (Sanchez et al.,, 1996). This

expression together with the known expression of Mac-1 on all fetal liver HSCs,
suggests that this marker is indicative of HSCs that migrate and colonize the fetal liver.
Also, in the Bll mouse AGM, around 2% of cells are Sca- 1", Long-term
transplantation experiments with Sca-1 sorted cells have shown that HSCs are
localised in both AGM cell fractions, Sca-1" and Sca-17, and not only in the Sca-1"
fraction as expected from adult bone marrow and fetal hiver sorts {(de Bruyn et al.,
2002). This result could be explained by a low or negative expression of Sca-1 by
HSCs as they are actively being generated in the AGM region. This notion is
supported by results from transgenic mice expressing the GFP reporter gene under the
control of the Sca-1 (Ly-6A) gene regulatory sequences. In these mice, all adult bone
marrow HSCs express the Ly-6A GFP transgene and sorting based on GFP expression

(vielding 100-fold enrichment of HSCs) (Ma et al., 2002). Importantly, 2% of E11
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haemopoietic clusters of the AGM. Thus, the temporal and spatial

expression pattern of Ly-6A GFP together with the finding that all AGM

HSCs are GFP+ localize these first stem cells to the aortic endothelium
vemaior@sggciated haemopoietic clusters in the midgestatiopoma@aess/oe0745

embryo. This is consistent with the expression patterns of c-kit 10 and

CD34 in the aortic endothelium and hyaemopoietic clusters. Furthermore,

all AGM HSCs are CD31+, VE-cadherin+ and 50% are Flk-I+ (North et

al., 2002). Extensive sorting experiments for AGM HSCs have also been
Aterforriad mﬂmerﬁm@’/o&m whitkeattec Bregonerend wad rdebmbipesgene

e Qe R %1??%%'309 108, . IodRetargenesMice dhat are defigisntiekurface

Unx have a com black in definitive haemopoiesis, while glmltlve
omasaéfaapméxﬂseuélmﬁafﬁeéb@d:mkm}ét%m?@9@5@6 WEAGFEP eI Ryieht

R expressionipthakithe AGM regipndas §@H§i¥i’ﬁ@/mﬁﬁlﬁecaon These
élressmn of a lacZ reporter in a mutant allele) is in h% 81 opoietic cells.in

FE lufsER Frthe WisaPEBRE2ILs Well'as iACkfis T thac associated
1@&@@&@1%1{@@@%&@4 AT999F 126, Elli&dmhphﬂdlcmi&slpmthe dansatiaonatiem

i pesiive, the aiodly glahich a1cJogated on e vantal SIaR of fdese

ranspia |nto irradiated adult mouse |
ﬂﬁcmmms}lalbrthdgestamm&@mm mwwcrmumlmm@mm ausprs in the

-§h|\<.ll§g 0,882102002) dH8ncey the HRGs:canhe, eflicientlyisolaisd based ot

expression of several cell surface and molecular markers in I|m|ted
andraber of SellrorsisainAsiie it apS RsastPRIRtFCEIPRa B BsERTE. 2!l AGM

lesters ehthe emhiyg k' BRichment efhaemensietic. stearyells isolated

from a post-partum placenta. Several culture systems offer the
opportunity of growth and expansion of 30 HSCs, Explant cultures of
wholerAMitissugiiceepsenithie mtwmya@sfwmtmmaeua;sfmmed with

( edvms et al. 6 Iant cultures of plac nt

A S HC LRIl el e e B
fandfoggakadeinta WO 2606/096288 PRTI1 B2006/000T45t2 Plerty edghetive
gegm&% nd.p I%ﬁ%ﬁt%‘ﬁ&% {f@eﬁggﬁ?&e% cckinia ot haemepoistie 1906,

grow factors are also useful in such expansion cultures and may

Yetao kLY fT-dbrex3) xpressipo oM SERA BN e 8R! mﬂ:ig%HWﬁfl by the
&M?ssﬂ?&ﬁa(ﬁ& @%Iﬁ@l Ve @H&Eﬁnﬂﬂi@@ hown:thalpiaeantahkd SCoeamen
c?feﬂ;g%r;)exgaslea%r?g gsx v\v/é\llloa(s:lﬂ} %reellénatqgc g ?g ?ﬂgtclz%dothuhum (North et al., 1999},
Endothelial cells in the dorsal aorta are positive, the majority of which are located on
the ventral side of the sorta. When sorted and transplanted into irradiated adult mouse
recipients, all midgestation AGM HSCs were found o be Runx! lacZ" (North et al.,
2002). Hence, the HSCs can be efficiently isolated based on the expression of several
cell surface and molecular markers in Ihmited number of cells localized to the

endothelium and hasmopoietic clusters of the embryo.

(E) Enrichment of haemopoietic stem cells isolated from a post-partum piacenta.

Several culture systems offer the opportunity of growth and expansion of
HSCs. Explant cultures of whole AGM tissue increase HSC activity by 16-fold within
3 days (Medvinsky et al., 1996). Explant cultures of placenta may be used to expand
placenta HSCs. Alternatively, stromal cells isolaied from the AGM and/or placenta
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5 growth factor IL-3. Mouse placental tissues were cultured as explants for
3 days in the absence or presence of IL-3. Cells from these ex vivo
treated placentas were injected into irradiated adult recipient mice to test
worHg&®empopulation. Donor cell repopulation was comparea: TAS BewIn 745
in Figure 10, ex vivo IL-3 treated placentas repopulated more recipients.
Indeed, culture in IL-3 increased HSC activity 1.8- to 5 10 fold. Hence, the
ex Vvivo treatment of placental tissue offer great opportunity for the growth
and expansion of potent HSCs. (F) Post partum human placenta
rhaespapeietic stemcelkstatagaS:Coid bibdbbanksdravaibeéniacmopoietic
established in which human card blood haernopoieti Storechy
S e e e
ganditiops, Cells SGF s@ved ST afifttely Wt iFGg6r Bad haleeagmtors
has.'\rr]e% gng% [sﬁg?lv "5'6811 alaﬁ%ﬂéygc‘,%h%lmé‘?&%@ kpfie\!f J?ﬁ}%‘altgfeth‘?hematopoietic

maintéenance of human placental cells and have found that such
sopith remai il BiEareTarretoiadsant oucre Evthae Arekel dttet diodgehe

aflahle @pp@@é&e@?%@t%%Q&% g.excellent candidale stem cedls fafected

“banking and future use in clinical therapies, (G Siﬁnificanqe of th presﬁent11
ity eiitiSiRieh THE presertnvBROrECh&R dRowrtherERRREHE blacehts, 5°
rigply-vascilartzesh dissua necessaly Rfthe @xehange G Sxygerdanticentas

nutrients between.the embryo and the .m tr_Fer contai tent A u{tgﬂt 5.
rrRpBhERting S éeélé’.’efﬁ%rggd;é% ’n%ljtl%laetle%r%l y-ch 81r7\&}é€6d1§£§s%ut(}aré °
selariveddeom:sthe eoncepiuscascvitented byrthe Srespateoppaieniintan the

8-globin, and Lv-6A GFE %ﬂs?@?nic markers in the mouse (Table 1) and
g}]%‘r%lgﬁl %1151(3 %ﬁ@%ﬁ)org%%ome marker positive cells in SCID-NOD

transplanted mice (Figure 9C). Moreover, the percentages of HSCs (as

gﬁgiﬂa? hy:SR 34438 phanatvne).aisighesin,tbeumancplacenta than in
rd Bloo able 4). They are as potent as HSCs derived WO

2006/090286 PCT4B2006/000745 22 from the adult bone marrow in that

they givgJisgdedopglermatighdevetmuliiingage haemopaietic cord blood
engraftment of irradiated adult.recipients. Placental HSGs ar 0.sell- o1
ARG SIS ) tan TR OB A SRRy et pere PR R ag oot
ahita iBNIFecoditisesariaihumanispécies: v provideslidengethad Aibisgeen

8 1('}'[\7"&]!1{ Qg fg‘t(a;z'ﬂ/l Y—%Ej a%%‘x’fitttyl.e’fhe inventors have tested for the maintenance of human

CD347 placental cells and have found that such cells remain viable, are functicnal and
are even enriched after storage (Table 5). Thus, placental HSCs are excellent

candidate stem cells for banking and future use in clinical therapies.

(G Sienificance of the present invention,

The present inventors have shown here that the placenta, a highly vascularized
tissue necessary for the exchange of oxygen and nutrients between the embryo and the
mother, contains potent adult repopulating HSCs. These are not maternally-derived
HSCs, but are derived from the conceptus, as evidenced by the presence of the human
B-globin and Ly-64 GFP transgemic markers in the mouse (Table 1) and human male
Y chromosome marker positive cells in SCID-NOD transplanted mice (Figure 9C).
Moreover, the percentages of HSCs (as defined by CD3 4738 phenotype) are higher in

the human placenta than in cord blood (Table 4). They are as potent as HSCs derived
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5 placenta is an additional generating source of HSCs that sequentially
migrate and colonize the fetal liver and bone marrow (Fig 5). Moreover,
placental HSCs can be increased by ex vivo treatment with hemaopoietic
wyrawihiotmesors. Placental HSCs can be stored and maintainediimstesons743
viability and function for later use in transplantations. Hence, placenta
HSCs offer great benefit for banking,and use in clinical 10
transplantations and cell replacement therapies. The placenta as a
reservoir for expanding HSCs or for their generation? The data provided
by the inve@rtors shews thahgribeteimousetE lopscentdich SEchavifincage
appears to be I| |t|n Q f h wlace a
hﬁ% SP%‘?L%C(‘?IﬁPe t’t o§n yggvng@h?%niﬂég%raﬁgg%%ﬁfed rec QEF%OES%LE
rECRINGN G tWe M@@qhﬁ@@?@ﬁﬁ@ sesasentareRinis Hbesemgisfdgieay e

} 1% é'ﬂ@ HSGS RELRIACENIA-Wele Joipshandhihese Rumber s IDMeaseys, the

ereafter. Thus, the numbers of HSCs in the _mouse Flacer}hﬁ mcrea% d
pmw.wo@%ﬁﬁ%a&%ﬂlﬁ% fRdsE P fatrge PREhEre BF i atire© &0
c@l@gﬁ‘@ﬁ% §eﬁaﬁ‘4§z@ﬁ)ﬁm fesmdnpreviougtyds theviongser piasental Stgreatlye

20 exceed the numbers foun the fetal . llver Av _SiI e ,
NGBSt VBN HEVE'S ‘PQM PHREBoSE c)paér l?f;i"? gﬁ U m%%"ﬁﬁ%e%%%“
bERRIAIN apnﬁmﬁﬂﬂﬁ@sﬁhh@mabﬁhmmaugph@pcfpulait@: it dicitapspiantations.

IrLem ients. Othersha Jhathe human placenta sacrelesy  clinical

rﬁoBmetlc growt factors %’%at stimulate haemopoiétic colony formation
n(Bepiresstietabnd 077 yeNRSRIESEEME Wtk demonstrates that mesenchymal
25 progenitor cells isolated from the human placenta can expand
Iong -term culture |n|t|at|ng ceIIs from cord bIood1(Zhan_et al., 2004).

helplatetita i€ ¢normous
demo%@@iﬂ%@ﬁﬁz&e@@nﬁéelﬁitzbﬁem@b@wﬁestldmmlﬁmemlmmﬁt foplacental

HSCs. 30 Recently, ntltatlv thﬂe n of t

HRE Gansls aﬂ%%aﬁ?&ﬁg)% {Etes Zﬁr?é Gircal at|8n inthe n‘ﬁ(?ges a‘fl?o%n% RHifes
JnBuse hasibegnipresentet: dkemaral e arahapivagues Tomii tRatvas two
E12 there are 3. C uj / o
tﬁ&t?neé%étgigé 8%}?0&%?5?1 gé'ifs vaggr%@[g@ g@%ﬁﬁ 12 HSCs per placenta

Kumaravelu et al., 2002). Correctlng for
wienn Bersof d SEsm e IRt tefisalion e HIGUSBRG R WAL In the

x];%tﬁ@g ﬁ?aggﬂﬁaiﬂc%eZ&;H%%lmlﬁsdév&o@ﬁéﬁ(@ 93e. Indeed, large numbers of

immature progenitors have been found previously in the mouse placenta and greatly

exceed the numbers found in the fetal liver {Alvarez-Silva et al., 2003). Here, the
inventors have shown that the post-partum human placenta contains potent HSCs that
can functionally repopulate irradiated recipients. Others have shown that the human
placenta secretes haemopoietic growth factors that stimulate haemopotetic colony
formation (Burgess et al.,, 1977). More recent work demonstrates that mesenchymal
progenitor cells isolated from the human placenta can expand long-term culture-
initiating cells from cord blood (Zhang et al., 2004). Hence, the haesmopoietic growth
capacity of the placenta is enormous demonstrating that it is a potent haemopoietic

microenviromment for HSCs.

Recently, quantitative data on the numbers of HSCs present in the various
haemopoietic tissues and circulation in the midgestation mouse has been presented.

Kumaravelu and colleagues found that at E12 there are 3.2 HSCs in circulation
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and the umbilical cord O.S. Given that the E12 mouse placenta contains
12 HSCs (four times more HSCs than in the whole of the embryonic
blood) and considering that the 5 fetal liver contains 53 HSCs at E12, it is
wilglahgfikedgsthat the placenta is a potent HSC contributor topthers2eo6/006745
colonization of the fetal liver, along with the AGM and YS. Itis as yet
uncertain whether the HSCs in the placenta are intrinsically or
extrinsically generated. If the placenta was found to contain HSCs at E10
or earlier, it 10 would implicate the placenta as the first site of emergence
(BhibS6sin the aho 166 BmBrycchrgvibustysdeteét HRCsndetersclue t©
A In e EIQARM fegion, fhyvas.argeseansie tansalant 85:adyler 3
recipients with a total of 112 AGM tissue equivalents "of cells to observe
attiethonigatating] KigH febeRinsaltimdagB repupstatisncar Paapients &
SRl md2Ak G MR therimited-numberabmiee: transplantesh iRl ONs the

lacental cells in this study, it remains ssibility that the placent ,
“EOhIAT PSS aF HRCaArTariinG BUE TRUS, 176 BrIR Brieraet fisC
dherplacenarareounsiedorntiiavail theresolts eftlineageiviankings.
approaches. Association of placental HSCs and the vasculature 20 The
strong association of haemopoietic and endothelial markers on the earliest
haemapsieticieellsiisthe mbateeihbiio GheudngrHSTy prormptaditaby or
e‘%%%ﬁ(%@raagg%%%%a?%%%sp&@e‘m placenta the kubA§rR enseetieier, it

marker was found to be expressed in the endothelial cells lining the major
weddelspiehe Phaceiresninerebvefrsaritst SRR s afiibGiey tortRePuse

EER% fraclionof theiplagentanihus reonsisiont 25 with revinusdada, theas
Ly-gA GFP expression again marks aII,HSCsa}NhiIe ;hg %rpber of GFI?" ;
SRS AT, TArEXCaEHE B RUMBEP B ASEs, O Malksrs™ =
dsueh: a5 &R34e T Gthiin gite) Wwere usaditochurihepdochlize plhtesrtaients
s. Previo udies on the AGM have shown that r
R 55 (SR Ehes T500) o E3 E Nar e AT S005) Tha e e10
pincentorstlinuiticolorfidn iBGopoarepdesEn Aty shabthe iy Siig gesith &S Cs at

t@g% {ﬂ%' E&%&ﬁc}%’é %ﬁg %%%'}%Ql@%?f ﬁT@ﬁ@C%) iR %@(Q@Q@anlem‘ and
T/1B2006/000745 24 Immunostaining of L))-6.4 GFP transgenic

PrasehtasHEs shRncsupPbtEdiREaches.

Association of placental HSCs and the vasculature

The strong association of haemopoietic and endothelial markers on the earliest
haemonoietic cells in the mouse embryo, including HSCs, prompted the present
inventors’ studies on the placenta. The Ly-64 GFP transgenic marker was found to be
expressed in the endothelial cells lining the major vessels of the placenta. Moreover,
all HSC activity was atiributed to the GFP™ fraction of the placenta. Thus, consistent
with previous data, the Ly-6A GFP expression again marks all HSCs. While the
number of GFP' cells in the placenta far exceeds the number of HSCs, other markers
(such as CD34, CD31, c-kit, etc.) were used to further localize placental HSCs.
Previous studies on the AGM have shown fhat all AGM HSCs are c-kit CD34”
(Senchez 1996) and CD317 (North et al, 2002). The inventors’ multicolor flow
cytometric analysis strongly suggests that placental HSCs are GFP'c-kit CD34"
(Table 2).
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notion that these HSCs are CD34+. CD34 and GFP co-expressing cells

were found in the labyrinth region (Fig 3). This highly vascularized region

showed co-expressing cells lining the embryonic vessels, Similarly,
valthwagboatsa lower frequency, CD31 and 5 GFP co-expressing/aelissnevess

also found in endothelial cells lining the vessels of the labyrinth.

Moreover, c-kit expression was foung in a few cells in this region by in

situ. transcription analysis (Fig 4A). In no sections did the inventors find

prominent haemopoietic clusters with these phenotypic characteristics.

Howenet;thewidic gatiserve! rafe sirgie@GRmpiacelisadtefinthelcsenpitths
afunenal suface.otths [arger 10,yesselbcTbus. i a0alagineAGMnd in

and CD

gion'in whic 34/CD31 are co- expressed in the ventral
tlao}alnfentliotb@nal dBnsandie ieis st e HesHrae D AYEM GPGIETESSINg

INSIBIS; HeSEIRRSKE SRaY, %'ﬁ&lﬁ@caiﬁﬁﬁﬁp@@u@n@mélqga@:wvom1 and
lineages in putative hemogenic endothelg;} 1‘ gcenta S|‘rgysl%r otiht%e
Ghilinsars*opsirmeierEgtre 7pdipgedesds é‘ﬁJ:\ LTRSS

1hemagenis-endetbativemaadictbvHSGsin the fumaiiplackistegiondie fowit

transcription factors, GAT, d Runxl.in pla ! i rminem
UBPEBLER), %?% 3 éﬁgrtg%\ihalt éﬁﬁ&%lgﬁ% dgiqt A3 g?eg Et ﬁyﬁggp?ésse t
hitheoplaceditstintheittopheblashgianp el S pesitoFied- aﬂnwéfevel they did
er vg%‘f'é: sn%%r&%me%ﬁé‘%ﬁl%M&‘ H@e@]@%%ﬁﬁmﬁigs@fﬁle 4094) Jarger

scription factors regulate the expression of a number of

m@phomaﬁ-spé@@ﬂ%gén dBe el dsHie rothetih FBmioA-Piehta’ e co-

fagen;Land u?‘a%@ﬂg%9@@'@1%@11@?@8‘%'@1(&/@0&1@&&893? iNg edsatiated
1994). These molecules appear to play | ortant role. i n the

A OHE A 365 GFthe TS ( 4% PERSATNIR &f afiese B
19949 %hgﬂ@s@m&mmrs@sménmdo%nemmsmmn obhesady, the human

cription actor tro oblast gia tceé Qh qwer frequency .of d
é(? ?Jl;f)?b ss‘f‘nas.{% Stas ceﬁ}% ?E%li ‘ii{ that 1 e)? found most | &%IB)L/H
NS an tieflection pfzech@ploinsufficiency of GATAS3 due to a defective
targeted allele. Nonetheless, GATA3 was restricted in its expression to

these cells and |s known to ra}rpldly decllne in |ts expressmn after ElO (Ng
T IR S T® Z b= ¥ kst bl

than Pﬁ?éﬂ%ﬁ( Q%@B&@%&Bﬁﬂ)&ﬁ&T&@mwmgﬁg&ﬁpmme in the
endothelial cells lining the

placenta in the tr ophcblast giant cells positioned at the embryonic-maternal mterface
during midgestation (Ng et al., 1994). The GATA transcription factors regulate the
expression of a namber of tmphoblast?speciﬁc genes, such as the prolactin hormone
placenta lactogen I and the angiogenic factor preliferin (Ma et al., 1997; Ng et al,,
1994). These molecules appear to play an important role i the neovascularization of
the placenta in the interface region (Ma et al., 1997). The present mventors also found
expression of these transcription factors in trophoblast glant celis. The lower frequency
of GATA3 expressing trophoblast cells (Fig 4E-F) that they found most likely was a
refiection of a baploinsufficiency of GATA3 due to a defective targeted allele.

Nonetheless, GATA3 was restricted in its expression to these cells and is known to

rapidly decline ix its expression after E10 (Ng et al.,, 1994).

GATA2 had a much more widespread expression patiern than previously

described (Fig 4B-D). GATA2 was expressed in some endothelial cells lining the
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WO 2006/090286 PCT/1B2006/000945 25 vessels of the labyrinth, as

well as in many cells surrounding the vessels. The intensity of expression

increased with proximity to the chorionic plate of the placenta. At the
witeragetessthe labyrinth region with the chorionic plate, G,4F42B2006/000745

expression was the highest. Thus, GATA2 may be required for the

neovascularization of the labyrinth by 5 regulating the expression of

angiogenic factors. Additionally, it may also be involved in the generation

and/or proliferation of HSCs from hemogenic endothelial cells in the ‘
viabyrinthh Priviously;thelbxpression oflRanaxbimtiegplaceriss wad foaHa By
HIESR A Alvarez:Silva et ak, 2003, dtissiexpression patiREas.Withihe

he pFacenta was not explored. ,Ks one of the most important HSC
intrefrseripion taerorsh Remw wifadhi sHOTENIRS Bifie i R oaTaial e
ninidgestationamirye Anckis.gxpeessedinRetic agmopeistitellssietaih by

endothelial cells and underlying mesenchymal cell (North e%lal.b1999 Ded
PR RS SR BB A GF RO TaeE FrtHe SIACEA & PRt AISRar: BF s
nldpadtemldriada- FepreseniiaentoréounthighdetsliRuesils m the
X r%ﬁsing cells in the lumen of the labyrinth vasculature as well as in

e of the endothelial cells lining the vessels. Lower level expressing

cells were found underlying some of the endothelium. Thus, as in the

AGM gegion. Rupl i &%W%kyfa&@m@tﬂglﬁméa@_@gaefa@ﬁcgmeca
HSCs. 20 Finally, we have also investigated the possible role of the
(Bhcorehtve-Bistin Piatbrital HS e peREraibr gl VedbRieRsahayes not
RERMQUSIy Bgen ohsened:ifdheplasenta(Mulienetfatiold83nandsarequired
placental defect in c fos i- embryas been suggested on the basis gf.lovayelgtiG
Hlde R, HHOUGH P EOAIGEVE B GIREE hEH Hedn D5 Brovia
hedetupeanietealstd99a)i heiin vetitoss drandplante drEdeptasentassiio fNorth. ot
0s" os_and found some low level HSC, activi il pr: t
R T Ay ha BBt o A e et osise A o
vhtienanfinteniacarekighlyihaamopbient issdeyclsbpporigrase i ofip
t nﬂ{l%reffz %&%Qﬁtﬁﬁ%@ﬁéﬁmé 93\40_/&9} repeRUIang LSS feuat OYning

ow cytometric and histologic analysis, the _
the vessels. Lower level expressing cells were found underlying some of the

ia

endothelivm. Thus, as in the AGM region, Runx! is most likely playing a role in the

emergence of HSCs,

Finally, we have also investigated the possible role of the oncogene c-fos in
placental HSC generation. High levels of ¢-fos have previously been observed in the
placenta (Muiler et al,, 1983) and a placental defect 1n c—]‘os"" embryos been suggested
on the basis of lower placenta weight, although no conclusive evidence had been
provided (Johnson et al., 1992}, The inventors transplanted E12 placentas from c—fos”""

embryos and found sceme low level HSC activity still present (data not shown).

In summary, the present inventors have found that mouse and human placentae
are highly haemopoietic tissues, supporting the growth and/or emergence of potent in
vivo repopulating HSCs. As found by flow cytometric and histologic analysis, the
placenta appears to possess hemogenic endothelivm. Notwithstanding, this may be

taken as another example of the recurring theme of HSC development within the major
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placenta appears to possess hemogenic endothelium. Notwithstanding,
this may be taken as another example of the recurring theme of HSC
development within the major WO 2006/090286 PCT/1B2006/000745 26
wyngeuleters of the embryo and indicates that the Ly-6A GFPeuanBg@neso74s
serves as a useful marker for hemogenic endothelium in the embryo.
Thus, the results now add the plac%ta to the list of embryonic tissues
that contain HSCs (Fig 5) and it is proposed that it plays an important role
in the lona term development of the adult haemopoietic 5 system and the
vaelomnination Mt thehonendaimdnaleithikiSTs [PHedineBRtIBRRGERNS WY as 2
described hy way of the followi - I ich-in.n d the
e T 8 e e B AL B 2o
planchivlethbdsisHofrarbplaseritemsard soneerin HomodEisal it i inproposed
th%(%@é‘ﬁg%%ﬁﬂ&%&ﬂ%&; i dapREskaccrding ietegatateasiohiasisic
MC and the Medical Ethical Board. Extra tlssgfi such as amniotic sac

sy AT BRI AR R S B OR SIS A Fsmoved from the

placenta. The whole placenta as well as the vascular labyrinth is
extensively washed.jn phosphate buffered saline (PBS) containing; EQEA.
Medi%eégﬁ?&%?ﬁgwéqlf%‘%gé)/%%s %%o a% enwaagig?orlotﬁer enzymes guch as
idigpase ar doypsinkit linjected20:insidgitie vascular labyrinth to detach
closely adherent and emerging haemopoietic cells and hemogenic
endothelium. The injected placenta is incubated for 1 hour at 37C. After
HKAMABEGN, the solution is collected and the labyrinth is washed
extensively. The wash is pooled and the cells are centrifuged at 1000 rpm
for 5 minutes. Mononuclear cells are collected after density gradient
e datdaaligle SR L SRk coll. Villi segments from freshly delivered
human term placentas are dissected in cold PBS, minced, passed
through a stainless steel large h grid, Cells are %1 JiaTelde No] aT\VARIN
with (%I‘Hlﬁﬁrﬂéasc%gﬁasnaé% Os%ﬁt%%el% |%gnn8—‘i]§§§§ugr plxﬁ(})?p %gte. buf?géred 30
dsaling (PBS)icontairng BT Ermresifit aiodsbeeMrdipridily catdeh Bxira
ttf%}:gg%t?ﬁ %éé%gg%r twee.d calagenase dRigmadidich GherRigs EMboved
from the placenta. The whole placenta as well as the vascular labyrinth is extensively

washed in phosphate buffered saline (PBS) containing EDTA. Medivm containing
0.125% type I coliagenase (or other enzymes such as dispase or trypsin) is injected
inside the vascular labyrinth to detach closely adherent and emerging haemopoietic
cells and hemogenic endothelium. The injected placenta is incubated for 1 hour at
37°C. Afier incubation, the solition is collected and the labyrinth is washed
extensively. The wash is pooled and the cells are centrifuged at 1000 rpm for 5
minutes. Mononuclear cells are collected after density gradient centrifugation in Ficoll

or Percoll.

Villi segments from freshly delivered human term placentas are dissected in
cold PBS, minced, passed through a stainless steel large mesh grid. Cells are washed
thoroughly with cold Hanlk’s balanced salt solution (HBSS) or phosphate buffered
saline (PBS) containing EDTA. The residual tissue fragments are then treated with
0.125% type I coliagenase (Sigma-Aldrich Chemie , Gmbh, Germany) P8BS {or

medium  199) supplemented with 10% fetal calf serum (or other serum-free
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medium 199) supplemented with 10% fetal calf serum (or other
serum-free WO 2006/090286 PCT/1B2006/000745 27 supplements) and
penicillin/streptomycin (or other suitable antibiotics) for 1.5 - 2 hours. The

wissuw/isdtsen dissociated by repeated pipetting and transferped Ag2606/000745
centrifuge tubes. After sedimentation, the suspended cells are transferred
to a fresh tubes and the remaining pellet of large fragments washed
several times with cold PBS 5 (or HESS) supplemented with 10% fetal calf
sertun (or other serum-free supplements) and penicillinistreptomycin (or

s@ipensuitabladantibicticskEhesyspetidedhselieffome eaghiolash &rel > — 2

ooled..Smaller cell glum r t ' zymatig digest
B exApIE 0 2 D LI Daeeb b 1 fof e i Tt o

csusifesrdbtheselidicT HepmsIsaion!ISha e men et ells thre drdcest ke @ fresh
cSietile cattarmesh apdier & 10-26:100demwdns mesha Ehedasge Rumbers

of erythroid cells are removeg by subjectin e cell suspension to
RS SRR BRI TR, o S AL A7 PR T A e g
BAHGAMENt Mighlengelhopunisiarenteter mitieth bysiryan bisemsialusiin from
prior to further enrichment procedures, assay. or stora, Si
it R RSl SR L VAL b esie) it o e U o
(faay:-henpegatvelyrseloctetl These iypiudd rresensiiamal sedincgelispended

S g%e?;%go?é/ %t%ﬁQ hoblast eells. Cyiairaphoblast celssmaydeelimingied .

by the method of Kliman et at (Kl.iman et at., 1986). Human 20 placental
Jha8emehymiat stephyprby o ranabis hely beulintratstrtretghbatibiayne
tﬂéeféﬁta%gﬁiﬁsﬂ% Qaéﬁgiqn Sslisurfageimarkers exiessas anihessicid a
cells. Maternal cells may also be excluded or fetal cells enriched by this
hstleye. Frfasehmayiinclude antibodies directed against antigens such as
CD73560R% G D4dnHLAARE ARG ofy moserobibesadnatkers-eandeurther
used in a negative selection procedure that eliminates 25 these cells from
A PSR EA BO SP5Hh 858 Uhthodies may be used for negative
selection by magnetic bead, panning or flow cytometric methodologies. An
é;\}?cﬁililtsi?Ona(l,f C%e-_%n{'che&ta step may include adherence to plastic or to

Various populations of cells in the placenta may be negatively selected. These

include mesenchymal stern cells (MSC) and cytotrophoblast ceils. Cytotrophoblast
cells may be eliminated by the method of Kliman et al (IKliman et al., 198¢). Human
placental mesenchymal stem/progenitors cells may be eliminated through antibody
mediated selection based on cell surface markers expressed on these cells. Maternal
cells may also be excluded or fetal cells enriched by this method. These may include
antibodies directed against antigens such as CD73, CD29, CD44, HLA-ABC. One or
more of these markers can be used in a negative selection procedure that eliminates
these cells from the placental cell pool. These antibodies may be used for negative
selection by magnetic bead, panning or flow cytometric methodologies. An additional,
pre-enrichment step may include adherence to plastic or to reagent coated plates. For

example, this more simple approach eliminates fibroblastic type cells.

Pogitive selection of cells includine placental hacmopoletic stem celis,

Because of the shared phenotype of endothelial and haemopoietic stem cells

and for optimal isolation of the clinically relevant repopulating stem cells within both
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example, this more simple approach eliminates fibroblastic type cells. 30
Positive selection of cells including placental haemopoietic stem cells.
Because of the shared phenotype of endothelial and haemopoietic stein
weetweaneesor optimal isolation of the clinically relevant repopdiatingpst@in 743
cells within both WO 2006/090286 PCT/1B2006/000745 28 populations,
enrichment processes aim at the isglation of both of these cell lineages.
As endothelial cells require further treatments in order to disrupt their
strong association within the endothelium and to obtain single cell
poSHSpRRsionsilissue ppreparationsantay belflinher Sitijeefddaw SAZyMatRSS
erfusion.in order to relea n ial.cells fremr lacemtad sirong
A e%%éﬁtsgglgﬁrtﬁfgrﬁ parl P&Ea%tio%%g%g%ps%%&gﬁgﬁ%lu@é}e Jgg%lr?gi?g%% in densit

asgradientsvdlisoldte menBRlsIBareels, PR NS pSH L SBHI e S

: prf H&P&Euﬁﬁl_@%é—' s nayhe-aredificantihadypmediated:.celf&ortingglease

palming or plate adherence procedures. Initially, HSCs will be separat
ORI AREBRD B L B e QAT SN O FGagon o
conaIker{maiIehasmennistc hQstltmarkens SushcalsC D10 figh8ieg by the
CD15, CD1lb, CD56)-ex ing.cells; as _the € re_no ng,
SR T e R R R
pigmoverpature haemopoeticucelSiifial singRCstepll A acpasigetom mature

enrichment s vl obtajped inthe & D34 Radnapdetic
h%Bgﬁgfegf)é‘gg’% %%a%%ér%{ k%t?ﬁ%‘?\%l %ﬁg%%de%f(ulaﬂon and mo?@q
cspecificatystiob 5 GPHb G616 Bbpktiork ot Hoeseht SFP5-SHIRGA Lelis
4Day.yield-a.highly sariched #SCeporuistisnnEnhascement Gfpacentakers

HSC growth and expansion. Several cultur 1systems oflgeré tthe %portugiig%(@
TR PEWET A ERATSIBATE %%@@é?%xﬁiﬁt%u Ures 5t Whole Ae;f/lO
clissHedRciRpIeId SEantivitysye thifalddrithin Gleby<MEdwndskp et dED38”

1996). Similar cultures.of placenta may he , ' :

PR ARl B B e oy he ARt drlor B
poray-HenusddHoexipand PlacentatH SAks (Figye)yivhe adeigon oTeEbEriRSC
of h&gorgopoietic growth factors are also useful in such expansion cultures
PSR helide, 25 1L-3 (Table 3), IL-6, Tpo, OSM, SCF, GM-CSF, MIPly,

Writ, BMP, NGFP (Fig 6).

Enhancement of placental HSC erowth and expansion.

Several culture systems offer the opportunity of growth and expansion of
HSCs. Bxplant cultures of whole AGM tissue increase HSC activity by 16-fold within
3 days (Medvinsky et al., 1996). Similar cuitures of placenta may be used to expand
placenta HSCs, Alternatively, stromal celis isolated from the AGM and/or placenta
may be used to expand placental HSCs (Fig 6). The addition of cocktails of
haemopoietic growth factors are also useful in such expansion cultures and include,

IL-3 (Table 3), IL-6, Tpo, OSM, SCF, GM-CSF, MIP1y, Wnt, BMP, NGFp (Fig 6) .
Example 2.

Results
Expression of Ly-64 GFP in the highly vascularized tissues of the embryc
Previously the inventors have shown that all HSCs m the AGM region of the

midgestation mouse embryo are localized to the Ly-6A GFP" aortic fraction of cells
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Example 2. Results 30 Expression ofLy-6A GFP in the highly

vascularized tissues of the embryo Previously the inventors have shown

that all HSCs in the AGM region of the midgestation mouse embryo are
wocalizethiesthe Ly-6A GFP+ aortic fraction of cells WO 200@0002866/006745

PCT/IB2006/000745 29 (de Bruijn et al., 2002). GFP expression is found

in some endothelial cells of the dorsgl aorta and an even stronger

expression is found in the endothelial cells lining the vitelline artery (Fig

IA). Haemopoietic clusters along the lumen of the aorta and vitelline
(darBerigs alsh, COPRAIRTSRAD R RIgfaup) invrsvas veroltfdAbcais! the dorsal

agtiP rex%?s'fﬂp R fQHﬂgéP theLmbilical grigey:(Figel Ed@mckthe pRiokining the
vessels of the YS (de Bruijn et al., 2002). All these sites CO%EI#[H potetnt d
viEBi0castiony ﬁ’g&jé&hﬁﬁ%@@%@ﬂﬁt\ﬁ\féﬂ%ﬁﬁﬂ.ﬂ%&ﬁ%&‘m}%‘a fFradistéd
viEﬁﬁiH@I?%&{&eﬁ@w&j&h@ﬁ@k;@QQmM @d\ginfky M@havka%ﬁlﬂ%@ﬁ%\ddmmitm
. these known haemopoietic fjssues, the placenta is also hj T
R D BT e Moo T Jre et e B
210f thediy-6A1 GRR makennfsthepeciNg iscfonteesfidsbotsdnaterhallyo
and .embryonic-derived. ¢ells, the . y- |
SR S R L i
1#figh GFP expression is found in the 15 extraembryonic ectoderm and
ectoplacental cone (Fig 1C, D). The highest intensity of GFP expression
is found where the extraembryonic ectodenn borders th%1 rimitive

ectodBrrHO 728148 BRI ASFYRRIE BE(GEBFm [BBIRETEP (g hient
viEch)sAtdhise stageitbeexaeoctsanimiarming and ihecepteagonbryoimd.y-6A
ectoderm appears to be adyancing.towards the GFP+ ectopl |

oSty Aot s Mo USG5 B SEraaon 3rd el i e e
ceiBbryenis-veSSHIE af trerplacentat(@E g ayd Tonis, tisionithr teethealstegrmiine.

ajgr haemopoietic i in bryg, the-pl talivaseulatuee i

B T I e
cRiacaty Containdpotent BSOSy IR & ﬁzl&gé&aﬁ%%@@?ﬁ@%ﬁ%ﬁ‘/, of
(ﬁy%ﬁﬁégﬁﬁ ang,colleagiesinavefaunc-NRgMmenRsiets Megenitee primitive

ectoderm. At E7.25, the extracmbryonic ectoderm remains GFP" (Fig 1F-H). At this
stage the exocoelom is forming and the extraembryonic ectoderm appears to be
advancing towards the GFP" ectoplacental cone. Most strikingly, at E12 high levels of
GFP expression are found in the embryonic vessels of the placenta (Fig 11}, Thus,
similar to the other major haesmopoietic tissues in the embryo, the placental vasculature

expresses Ly-6A GFP suggesting a potential for haemopoietic activity.

Placenta contains potent HSCs beginning at midgestation

Previously, Alvarez-Siiva and colleagues have found haemopoietic progenitor
activity in the placenta (Alvarez-Silva et al., 2003). However, the presence of HSC
activity was not tested. To examine the placenta for potent adult engrafting HSCs, the
inventors obtained ES though E12 embryos (human f-globin transgenic), dissected the
placenta (without the decidua or umbilical vessels), made 2 single cell suspension and
injected various doses of cells (placental tissue equivalents) mto irradiated adult
recipients. Engraftment was tested by peripheral blood DNA PCR for the presence of

the domor {human j-globin) marker at 1 and greater than 4 months post-
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activity in the placenta (Alvarez-Silva at al., 2003). However, the presence
of HSC activity was not tested. To examine the placenta for potent adult
engrafting HSCs, the inventors obtained E9 though E12 embryos (human
Wiglele/imeasnsgenic), dissected the placenta (without the dexiduaxne/ 00745
umbilical vessels), made a single cell suspension and 30 injected various
doses of cells (placental tissue equiyglents) into irradiated adult
recipients. Engraftment was tested by peripheral blood DNA PCR for the
presence of the donor (human /i-glob in) marker at | and greater than 4
nmsptisapost WO 2006/090286IHC T/1 SRO0BIDBH745rdeetraifspldatadoriier

nfgs lown in Jable 1nfio anarafted mice were foud:-afier. fansnlariation.n

or E10 placenta cells. However, potent engraftrment (greater than .
19D96 ot oGt BRION P SURREBEGA MR G At ENIRE WASSRELE s
1akhighplevelsah Rl d bainvertersdastad heseurstipignisderaftment. High-
multilineage engraftment. Higfgﬂﬁelevel en?raftment was_observed in all(!}. T

9755 ARSHRIGHRO LIS ShtFTh B ot VTSI T ROt Entf By Mphoid
1gefisdni recipemsehdd (a0t shewenians &1RipldaentabweellsrEi§12A)acental
oreqver, the transplaptation of the bone.marrow fro ese pr S
R P AN R ey AT b et e PAE frimary
révigheteveinre popuidtivnedtyréztéiothd e ivienth s pobedranspraitativaldevel

nifive/Siiniested, range 10,0f feRopuiation 45980 pbiRaMRNGY.BRAI SIS
f HSCs within the E12 placenta showed 1 HSC per 49,713 cells with.

oA pTeIHAREEI TOSYS CEHRFISIAABH I &Y GEYEATITHRE By Plrdaprria showed
stadistics) 4T hys, dhe plasepirconaing poEptepapuiatng ¢allsdaniubilyy
all the established functional criteria of HSCs. 15 All i)lgcent I;EJSC&%H@ all
FooHt AT AN tHE CRPRI Ao T RES RISHEorERBR pEformed Tow
ey temstiieed fatysisnto detetminE $kiB. number and phenotypic
characteristics of GFP' cells in the midgestation placenta. P12 placenta
cells were stained with antibodies specific for CD31 (endothelial,
AtigdrophtabESand AGNHBE widiiker{Nigrth ralior002)), CD34

(endothelialand AGM HSC 20 marker(Sanchez et #13996)), goldtihitBCine

and immature haemopoietic progenitor_marker (Sanchez et al., 1996)),

GRS (FArRhESRBISHE HEFECbHSor el al Hog7YEeTRHTd RéRtHror -
Jegenitenmarkes(kia:ehah:2080))88d e4ACD31 (endothelial, macrophage
and AGM HSC marker (North et al., 2002)), CD34 (endothelial and AGM HSC
marker (Sanchez et al.,, 1996)), c-kit (HSC and immature haemopotetic progenitor
marker (Sanchez et al., 1996)), CD45 (pan-haemopietic marker (Morrison et al,
1997Y), Terll9 (erythroid progenitor marker (Kina et al, 2000)) and CD41
(haemopoietic progenitor and megakaryocyte marker (Mikkola et al., 2003)). GFP*
cells (Fig 2B) were found to represent 3.09% of the total viable, rucleated cell
population (zbsolute number per placenta = 1.8 x 10* GFP" cells). No GFP” cells were
detected in the maternally-derived decidua (Fig 2C). This was due to the paternal
transmission of the transgene and confirms the embryonic origins of GFP™ cells. In
addition, when E12 decidua cells were transplanted, no HSC activity was detected (1
month post-translation). Not surprisingly, the placenta is 36% erythroid as determined
by Terll9 staining (Fig 2H) and appears to have a high endothelial cell content as
judged by the fact that 40% of placental cells are CD317 (Fig 2D). However, CD31

also marks cells of the trophoblast lineage (Cross et al, 2003a). Non-erythroid
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(haemopoietic progenitor and megalcaryocyte marker (Mildcola et al.,
2003)). GFP+ cells (Fig 2B) were found to represent 3.09% of the total
viable, nucleated cell 25 population (absolute number per placenta = 1.8 x
WoL@#Pez8ells). No GFP+ cells were detected in the matermaltyestexisoeh 745
decidua (Fig 2C). This was due to the paternal transmission of the
transgene and confirms the embryogic origins of GFP+ cells. In addition,
when E12 decidua cells were transplanted, no HSC activity was detected
(1 month post-translation). Not surprisingly, the placenta is 36% erythroid
hasrdeteerninets30diy Terl 19 staininge(Placorly £nBEppehfdtoSrrrrbEeighs:
endotheligl cell ¢ as.| ntal_ggll
G (e A ek B ey
etipeagen(Clowsvar.al2004a) S Komernitreid Wespeesyadese- o-dt» CD4°

aﬁ)@@_ﬂﬁggggﬂ@ﬂ&é@@iﬁ@ﬁ”@%ﬁﬂi%%ﬂﬁeiﬁaﬂi@gm 55947 %6, Ol & 6% of
CDA41 and CD45 positive cells; Fi d E, respectively).

(J}%jagenta ( 1 a@b pec
FRefélis aifest Mo DvardpHiereh F%nd 1316 Cpp SREraLERN,
However, 7%, 13%, 15% and 78% of the respective CD31+, c-kit', CD45+

and CD34+ ions are Ly-6A GFP+ tinteresti %0,: 669

o SO B L ETE Bert CBRICE T (Mo b s e et
12 &)yrespectivbhpe SiateRn Givh ISE snovespriebsdlkitarfd CD3a, kpkle 2, over
sipventorsiiested the overlan-in expeessian, of ihese markersmith GiPaR o

pLacenth cells. As shown in Table 2, oyer 50% of GEP+ cells.are_ . .
I IGRED 34 Sk Brevsr S0 G Fmedeifgarsd {PdtTErakiniig -

Towerpercaniages i GRR: grllsare sudbnGDAdr pidiaddi S DdbihisEhisof
marker distribution within the GFP+ placentg&éegg;o ulation is
€

thanRiSEsHLr A oBSEr el fOFABRE fisd e 4 S003 dfid ™
sthts osuggesisthatarieasts spris ot the placental GFP+ cells are HSCs.

To determine wheth r&}%{e tg!aacieagégjtalé§§§§%§?%%i§%v§é9191 the &P cton

fractioh” 15 8FE8fis, the Inventors'sorte cells from E12
dfansgehiciplacentasr@heFand0. 25 Blacintacay il lemacopicdligopeps One

519&%%3&%&%&%%%@%%%%% E%ﬁ%&%@@&e&@% analyzed dandiQtdenis and

months‘ater tor donor cell engraftment.” As shown in Table 1, all HSC
etk foand o treceibpleraiiorrnesl saneliered Righrisy gy Table

fong-tesm epopyialionand contsiuted te.alllhaameapoietic lineages fadkvel,
Iggg?—twerllr)ﬁ llgpopulation and contributed to all haemopoietic lineages (not shown}. In
addition, secondary transplantations of bone marrow showed that GFP" placental
HSCs are self-renewing (4 positive/6 injected, 1 month post-transplantation). Thus, all
placental HSCs are Ly-6A GFP expressing. However, since frequency analysis
demonstrates that there are onty approximately 12 HSCs per E12 placenta, not all
GEP" cells are HSCs. These results are consistent with previous findings in the AGM

region for GFP™ celis.

GFP™ cells localize to vascular labyrinth

Since flow cytometric analysis demonstrated that GFP" cells were distributed
between the cell fractions characterized by both endothelial and haemopoietic
stem/progenitor markers, the inventors took a temporal and spatial immunostaining
approach to examine the specific localization of these cells. The inventors stained Ly-

64 GFP transgenic placentas from E9 (not shown) and E10 to E12 embryos (Fig 3)
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20 addition, secondary transplantations of bone marrow showed that
GFP+ placental HSCs are self renewing (4 positive/6 injected, 1 month
post-transplantation). Thus, all placental HSCs are Ly-6A GFP
waxpregsings However, since frequency analysis demonstratesthatdiere 745
are only approximately 12 HSCs per E12 placenta, not all GFP+ cells are
HSCs. These results are consistent.with previous findings in the AGM 25
region for GFP+ cells. GFP+ cells localize to vascular labyrinth Since flow
cytometric analysis demonstrated that GFPt cells were distributed
whetwetithe celdictions DharddisrizendbyBéth Brdotisaliiangurposes they

shasmopoietic, él%%ﬁ@é@.&ot%{g%gfsm{g%&oﬁags'wf%ateﬁﬁegﬁ@eﬁmmg@@.

and spatial immuriostaining approach to examine the specific localization
To$ttheiss Batscctio hverosioRIEany O bRTIPaHIgR TR R IaSIex Y

SN £, (Rgkshown) and FIQiaBAZ oMby es.(Fie:d) JQ:2006/090286F-G
PCT/1&2006/000745 32 with antibodies \ssgecmc for CD31, CD34 1&1

- C n
) FoPBIiSh i SEEES o ULHeR e daBF RO bl
dapsvarssand.cerenalisectionief sherplagentaiigedP )of Ristiiittied maternal

differences in the expression patterns.of.the three surface S were
bS8SHS §e2}’\lfg&tina§8¥ﬁ€%g%na e %rgglél |g%§%—d§l and %%ﬁé%%ﬂfsgl Thilso
eSPtions {F igi3A-G EHEli5l anlts| Hijn C 8 ¥ issekprebsethinipnimpleel i D).
he Quier placent jotr a8t 1ayen,(Fig 3A:Crane Mholtis Hiohier
%{%?Sé%%% %‘“ﬁ% éﬁcﬁfz%c?f%%ﬁgt%dﬁrgatema bloodsvessels agd1 ata I _el
pevrdevshorzlnt diheidreans GPje fapyRintrodt TEchIsE cok B dhgsglbsyd the

Hew endatheligtcalis nig the-vesselsin lecharionic plate/bnig 3Rjels (Fig
Expression begins in the outer layer at E9 and by E12 is found.also in th
e OB D Gt AT GV IBET S 5 BipreSuBR X Gtvaly
dmthe £alls DEthecimekiplacentauiikin 3 FeGrdiwhentdt-sermetamibtingner
the embryoni els.(Fig. 311). Expression is lo =9.
e sopi S S L R
(FhpAls)a punctate expression pattern mainly in the inner placenta (Fig
31-K, 0) where it predominantly marks cells within the blood vessels 15

(Fig 3h). In situ hybridization was performed to localize c-kit expressing
cells idntsén hybridization was performed to localize c-kif expressing cells Tn the

placenta, since high background staining was observed with c-kit specific antibodies.
As shown in Fig 4A, ¢-kif expression is found in mesenchymal cells of the chorionic
plate (black arrow) and in islands of mesenchymal cells in the labyrinth (white
arrows). Many of the vessels also contained c-kif-expressing endothelial cells
(arrowheads). The mventors also detected expression in some trophoblast giant cells
(not shown). The expression of c-kir was highest on the embryonic face of the

placenta.

The general expression patiern of Ly-6A GFP is very similar to that of CD34
as expected from the results of the flow cytometric analysis (78% of CD34" cells are
GFPY). Bxpression begins at ES in some of the cells of the labyrinth and increases
thereafter. GFP™ celis are also found lining the fetal blood vessels in the chorionic
plate and in the umbilical vessel (arrowheads in Fig 3A and E). Most overlap in the
expression of GFP with CD34 is in the labyrinth region (Fig 3F) in the endothehal

celis lining the fetal vessels that form a network through this region. There appears to
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placenta, since high background staining was observed with c-kit specific
antibodies. As shown in Fig 4A, c-kit expression is found in mesenchymal
cells of the chorionic 20 plate (black arrow) and in islands of mesenchymal
weetwsbsdabyrinth (white arrows). Many of the vessels al$¢toBreinee) 743
c-kit-expressing endothelial cells (arrowheads). The inventors also
detected expression in some trophafalast giant cells (not shown). The
expression of c-kit was highest on the embryonic face of the placenta. 25

The general expression pattern of Ly-6A GFEP is very similar to tgat of
beGDBYa andipaotatfonrise v SHE o MR FE I BE S ety SO

cﬁé&%&h&%‘k& C}??&éEP@bﬁX%@ﬁ%MﬁS{‘ﬁ&%%ﬂm&ﬁﬁdhﬁ tellsmof
N

e labyrinth and increases thereafter. GFP1 cells are alsa found lining t
TR PRGGIFESSBIIN 6 NGO 86 e S T N GEGblle S8
akariowheasis it Figrséy and-Eldviest oxesa iththepespressiboF GER Witk

CD34 is in the labyrinth region (Fig 3F) in the endothelial . lining.th
(Figgald 888 ﬂ;@t“%rﬁe%eﬁ %%?I?St\%%%iu@haﬁnsnfesg%n.%ﬂ%rgﬁa{%pé%?g to e
10D 200090 286 ROT T82006/00074 Bnd3stieand fha il Abtih biCs are

erlap of CO31 wi essing calls gonfinming Iove UaBIRMG? th

S \gtasg%%]%%;ﬁegé%afﬁ g%ﬁé%re GFPI%). These cells are found in the )
elairg@namiseyoinic Veseiats auithidHedeHBHOTFE Plate and also in the

umbilical artery (Fig 3A and D and Fig I.E). They observed no overlap in
the expression of CD41 and GFP 5 (Fi_%SJ ndL). Thusz, these . factors
Plaeiu AbSIEIRIAG AfaH errtharsrprsr st takER iogather with the”

multicolor:flaw eytometric-anralysiaindibe findingthatelkpi8Cdre situ, the
. GFP+, strongly gest that placental HSCs.are | iz ithinthe sciors:
BT BF i ST OHIc SLSuble e eh B EaLE Sl By cr
(Gegions;cA043ace Matenibryonic Tessebarotislidi-axpessses development.

138 °£’££‘?§§J@é@ﬁ%iﬁ%@ fagtars q1o fueher expiors whetbenHSe sir thei

pfgcghta‘m be generated in situ, the inventors examined the .
FXpréSsiont pattki o Aherltid drfs soitid trarstipib AT EtbIR AT RES o
il?@@%@@d(ﬁiﬂg x}knpowiaberimppitant dar 4S5/ peogenitamscription factor

I ' . iCi i . i 4

S Y Yoty matreoted, bt rasuls o cerecnyS TR ever
haemopoiesis, as demonstrated by a reduction in haemopoietic colony formation
(Pandolfi et al., 1995). Runx! deficiency results i E12.5 lethality, fetal liver anemia
and an absence of HSCs (Okuda et al., 1996; Wang et al., 1996). A haploid dose of

Runxl disrupts the normal pattern of HSC emergence in the embryo (Cai et al., 2000;.

The inventors obtained E11 GATAZ lacZ, GATA3 lacZ and Runxl lacZ
embryos and stained and sectioned the placentas. GATAZ2 lacZ embryos carry a lacZ
reporter transgene that recapitulates the endogenous GATAZ gene expression pattern
(Zhou et al., 1998). GATAS lacZ and Runx] lacZ embryos contain an endagenous gene

targeted lacZ reporter (North et al., 1999; van Doorninck et al., 1999}

The expression pattern of all three transcription factors differed. In GATAZ
lacZ transgenic placental sections, they found some expression in trophoblast giant
cells, as reported previously (arrowhead in Fig 4B). However, higher levels of B-

galactosidase staining were found in the labyrinth (Fig 4B and C). An mcreasing
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15 HSCs (Tsai et al., 1994). A haploid dose of GATAZ results in defective
HSC expansion in the AGM (Ling et al., 2004). The disruption of the
related transcription factor GATAS3, leaves YS erythropoiesis largely
Wghaffettersbut results in defective fetal liver haemopoiesisPag/iB2006/400745
demonstrated by a reduction in haemopoietic colony formation (Pandolfi
et al., 1995). Runx] deficiency resulig in E12.5 lethality, fetal liver anemia
20 and an absence of HSCs (Okuda et ai., 1996; Wang et al., 1996). A
haploid dose of Runx] disrupts the normal Ea_ttern of HSC emergence.in

inthesiemtiryoitta erabp000) oTREHbE TS BRANEY EREGATAPREEY O

wSATAS agZand Runxdl lack embryes andisiaingdandsectipneddiessed in
placentas. GATAZ lacZ embryos carry a lacZ 25 regg(#t

i ; : Ll at en{? \}Qéasteis
scrseapiiolerlsl 6 Ao GoRG IS ST AL SUnd Bk BHESUEN Padiarh ol o
7k 43998 CATAB lacZrandsRuprsiacZrembrygscontairiall exidogibnogs to

gene targeted lacZreporter (Nor al., 1999: v rai ! o
iS50 TR LT TR A T o A D G S Bhesion i
GATAR 130tacZransiyenic:placerital Ssetivnsstkeyifsuifrgsofies patten of
SXpression i rophioblast glant, ells a5, rﬁ?%%ﬁ&&[@ﬂig%%&m%bﬁ%m
)i‘Plg Zﬂﬁ. owever, |gﬁ1er levels of p- galactosidase staining were found in
athlgdakyFinth Fig A8 At CyndailinereasIr V0D 2006/000886 not GATAS) 18
S L B2006(00 %ﬂi%sg‘éﬂn&? nsity-@f stainipd-was ebgesedionaids the the

fetal side of the placenta, e_speciallg( on the bordger of the labyrinth region

i EsHRE RS EATAS 18 B AHIs 8] i “SGhe endothelial cells
and in the underlying cells that surround the fetal blood vessels (Fig 4D).
Like GATA2, GATAS is expressed in the trophablast gi ls, althoughy,
to 5 MgH&f ISR HEARA'F, E(lslcra}é\z/veh?((a)aG ) m?%glngf%gl%? GATAZ, ©

1BATAB @xpiessionisticestricted teonh}itheseched selibatimsnal side of the

fetal-maternal interiace, This palieR. siensenfiimsthe Rravieys
e%%a%é?ﬁugl 'lénOb?/%E)?t{ﬁflgeﬁs% l%[%'g Wg%%gﬁls%%ﬁon analysisrj}%g et at, 1994 e

effietetiduthiialexpre o bl CATRDIBUY-NSHGATASYS Yemimstehtdr F-

gtzn% o)épc{a?s%?ggt%e%él{ﬁ%tﬁﬁtﬁ% apsetof S Gemeroence db@18x. There
midgestation aorta (Minegishi et at, 1999; Zhou et al., 1998). Runxl

absxpressiol dpspenrste ke 16 RRYS NRifiH e BoshVEaeR BF de ¢
Habyripth {in the-cisculation, as welas selisaittached tedhe dinenatside ofd
the

surrounding the major blood vessels at their junction with the umbilical vessels (Fig
4G). Thus, the distribution of Rumx/ expressing cells amongst haemopoietic,
endothelial and mesenchymal cells is simitar to what has been reported for Runx/
expressing cells in the AGM and suggests that Runx1 may also be mvolved in the

generation of HSCs in the placenta (North et al., 1999; North et al., 2002).

Table 1. Adult repopulating HSC activity increases in the placenta at different

developmenta!l stages.

Placenta Number of mice Range of
Stage equivalent repopulated/total repopuiation
transplanted
E9 2-4 0/3 0
E10<353P 3 /2 0
1

>35SP 1-3 0/4 0




endothelium), to endothelial cells (Fig 4H-J) and to cells located just
underneath the 1.5 endothelium (arrows in Fig 41). Occasionally, the
inventors see clusters of (3- galactosidase positive cells within the
wWreulatiaser attached to the endothelium. There also seenPCIUIBEOGIN00745
accumulation of positive cells in the chorionic plate (Fig 4G). These RunxI
expressing cells are located both within the walls of the vessels and
surrounding the major blood vessels at their junction with the umbilical
vessels (Fig 20 4G). Thus, the distribution of Runx| expressing cells
“Eamongst haemdipidietic, endothélial and mesenchymél@ells is similar to
what has been reported for Runx1 expressing cells in the AGM and
Fiiggests that Runxi may also bé%hvolved in the genetatidh of HSCs in
the placenta (N8h et al., 1999; Xorth et al., 2002). Z?S%ﬁégfe 1. Adult
repopulating H$E activity increa¥és in the placenta attftferent
. developmental stages--Placenta Number of-mice Range-of- Stage
EguiFilent repopulated/total repdfulati.on transplant:%%f % -4 0/30 EIO
<35 SP 3012 %35 SP ' -3 0/4'0 WO 2006/090286 - °°"°
PCT/1B20061000745 35 Eli 0.5-; 115100% E12 13/3 15-62% 0.3 3/4
B3 518 0.1 3/6'48-67% E12 3/6/28-100% 0.25 4/9 §2-100% E12 GFP-

gréxy =SOf e

9, O UUOTOIUZE0

PCL'/1B 745 | .
E=gnb/ryo1%g%gég %%=305m1te patrs.



36 Table 2. Multicolor flow cytometric analysis of E12 placental cells. % of
total % of GFP" absolute number/placenta GFP 2.54 = 0.47 15216 =
2809 GFP+ ckit+ CD34+ 54.70t 11.27 7958 =1429 GFP ckit+ CD31-

Wb 98B 4 8654 = 3237 GFP+ ckit+ CD41+ 32.62 7.43B02IB1HOBO0745
GFP+ ckit+ CD45+ 11.88 = 2.32 1743 = 424 5 Table 3. Frequencies and
estimated numbers of HSCs per AGM obtained after explant culture in
absence or presence of different doses of IL-3. Expiant culture fHSCS
HSCs1AGM Amplification IL-3 factor 0 1/165709 1.7 2 ng/ml 1/49713

T3 5MAOglmlibid 9885 kA7 8:61200hE!MPHAgr S8I6 34.5 10 Table
4. Human placentas reiingly cottain®igher petrohtigegidfer/placenta
phenotypically-defined HSCs than cord blood. Percentage of cells CD34+

GED34+CD38-- Platénta 14Jord Blood 0.36 0.05 Plabditandsid Placenta
2 Cord Blood 0.41 0.03 Placenta 2.39- 1.01 0.27 0.11 Placenta 3 Cord

CBRattid. £30401 Placenta - villi 6928 ©.142G.11 = 0.04’ Bfaténta - vascular
1.18 0.26

GFP* ckit™ CD31" 5506+ 16,74 8654 + 3237
GFP' clit” CD41" 32.62 4 7.43 5044 + 1508
GFP* ckitt CD45” 11.88+2 1743 & 424

5
Table 3. Freguencies and estimated numbers of HSCs per AGM
obtained after explant culture in absence or presence of different
doses of 1L-3.
| Explant culture fusce HSCS/AGM  Amplification
+ L3 factor
0 1/185708 1.7 - i
2 ng/mi 1/49713 5.9 3.5
20 ng/mi 1/19885 14,7 8.6
200 ng/ml 114971 58.6 34.5
10

Table 4, Human placentas routinely contain higher percentages of
phenotypically-defined HSCs than cord biood.

Percentage of cells

Ch34™ CD34TCD38—
Placenta I  Cord Blood 0.36 0.05
Placenta nd nd
Placenta 2 Cord Bicod 0.41 0.03
Placenta 239+ 1.01 ¢.274+0.11
Placenta 3 Cord Blood 0.13 0.01
Placenta - viili 026011 0114004
Placenta ~ vascular 1.18 0.26
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WO 2006/090286 PCT/IB2006/000745 37 Placenta 4 Cord Blood nd nd
Placenta 2.68t0.59 0.52t 0.15 Placenta 7 Cord Blood 0.37 nd Placenta -
villi 4.70 nd Placenta - vascular 6.45 nd FACS results of 5 individual
wilaoesitaszére presented here. The percentages of CD34+ aad/iB2006/000745
CD34+38-- cells may vary between placentas due to differences in cell

extraction 5 procedures. Table 5.

34+ placenta cells are efficiently

recovered after storage lumber of cells %CD34+ cells % CD34+ cells er
g tissue pre-storage ost-storage nd 0.36 0.76_Cord -Bloodi'j Placenta villi

148:300t2 H6 £ 45 Placenta total 157 060 220 13.17 10 Huméﬁiglacenta
cells were obtdieehand analysed. by FACSH#d: D34 expredsion

Tiareatter] celwdimddzen in liquid nitrodei according to stan@frd

procedure. Aft@&am@ﬁag‘élfbrlseveral Weeké-&
d by g f

lls were thawed atid

in the placenta post-storage is mcreased as compared to pre-storage,
indicating that freezing does not negatively affect human placenta CD34+
FAEI rémstead Dfueémdg&hl@l?qmst@lamléifﬁ%ﬁﬁ@rﬁ Jmeseaengeef CD34"

Referen

AIV£rez Sllva

a‘ﬂ&@ﬁén 3Lle\?lse

ﬁ“@(‘f@@ﬁ

., Belo- IP

Votee’ parg%%%sta IS a major

parganrddevelopment 130, 5437-5444. WO 2006/090286

PCT!1B2006/000745 38 Benito, A. 1.,

Sevilla, J., and Madero, L. (2004).

Tabie 5. CD347 placenta cells are efficiently recovered after storage

u% Xa(hg’er %@Q%‘ ’c‘%ﬂ QMMMM

ematop0|et|c

Diaz, M. A., Gonzalez-Vicent, M.,

mumber of cells
PEr g tissue

0% CD347T cells
pre-storage

o CD34T cells

post-storage

Cord Blood nd 0.36 0.76
Placenta villi 148,300 [2.96 4.15
Placenta total 157,060 .20 3.17 |

Human placenta cells were obtained and analysed by FACS for CD34 expression.
Thereafter, cells were frozen in liquid nitrogen according to standard procedure. After

storage for several weeks, cells were thawed and analysed by FACS for CD34

expression. Percentages of CD347 cells in the placenta post-storage is increased as

compared to pre-storage, indicating that freezing does not negatively affect human

placenta D34 cells. Instead, freezing may lead to an enrichment of these cells.
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10 3. A method according to claim I or claim 2 wherein the cell surface
marker is any one or more of those in the group consisting of the
following: Seal and CD34 and CD38 and Thyl. 4. A method according to
wékaivne2¥eglaim 3 wherein the sorting method comprises 13 ¢ BE® 00745
flow cytometry. 5. A population of haemopoietic stem cells (HSCs)
isolated from the placenta of a humgn individual post-partum. 20 6. A
population of haemopoietic stem cells (HSCs) according to claim 5 which
have potent multi-lineage cell repopulation activity. 7. A population ?é
Iohgtean halemopaietiostehs &ota tRISCYAEBRIAGI AR Rt Ry
more potent multi-Inieage cell repopulation activity than a similar 25
number of HSCs extracted from one or more sources of HSCs selected
from the group consisting of, cord blood, bone marrow and peripheral
7kigos. 8.4 pepalatinsofhumanhaertopdietintsidnidelisi@sSs) Tsai, F. Y.,
according tg any of clajm 5, 6 an hergin-the.| f ithi
Ol popUIATES bobn THL/ Rt by 30 LEA S or it S populale
hewithaaoieone deanere:growthifaeiorslinfte(yFdidp T oh sty ¥ thevelopment.
following: 1L -6, Tpo, OSM, SCF, GM-CSF, MIP17, Writ, BIM, 48
EM ; b?%?géﬁ?r%? them with explant cultures derived from placenta,
and/or treating them with explant cultures derived from AGM and/or
Zi8299teqation-gHitures ansliey. Skomahseticopultiias achptetifacddorand
‘providing a population of human HSﬁi comprising the steps of. (a)
LSS SRR ATBEBuABRHEBIH S CE ot himan post-partum placenta, and

(b) Treating that population of cells with one or more growth factors in the

roup . consisting of: IL-3, IL-6, Tpo, OSM,. SCE, GM-CSE, MIPly, Wnt.5 1,
A%kafé?c(gs W%%Tﬁ?%]ge‘%hlenmﬁ\ﬁitﬁ g)‘(ﬁlasﬁte%ﬁ%%%g eerivede%rom Ig%{entea, y
repehoretrdatingsthendifeithich® explantasitmreStHedoedihahing G oysten
ggedaianalluseandansitona, sloaslugeellnt Aamepeigiiine
stem eeNs (HSCs) isolated from the placenta of a human individual .
fmstipastans fodsEiirrfHeeapgsent nvenion. Although the present mvention has

been described in connection with specific preferred embodiments, it should be
anderstood that the invention as claimed should not be unduly limited to such speciiic
embodiments. Indeed, various modifications of the described modes for carrving out
the invention which are obvious to those skilled in biochemistry, molecular biology
and biotechnology or related fields are intended to be within the scope of the following

claims.
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15 11. Haemopoietic stem cells according to claim 10, wherein those cells
possess one or more of the features of claims 5 to 8. 12. Use of one or
more human haemopoietic stem cells (HSCs) according to any of 20

WEIRINEISESE in the manufacture of a medicament for popul HEBZHEAHBIT4S
individual with haemopoietic stem cells. 13. A population of haemopoietic
stem cells isolated from the placenta;of a human individual post-partum
that maintain their viability and function after storage. 25 14. Use of HSCs
isolated from the placenta of a human individual post-partum in the
manufacture of a medicament @%&@ﬁating a variety of

non-hematopoietic tissues of an individual with haemopoietic stem cells
1 and/erthe pogsryichghosepoéiisoobtineuaftereaoviveticutigiecells (FH5Cs)

which method comprises extracting those cells from a placenta of a human

individual post-partum.

2. A method according to claim 1 wherein the step of extracting the HSCs from
placenta comprises the process of sorting the cells using a HSC cell surface

marker.

7. A method according to claim I or claim 2 wherein the cell surface marker is any
one or more of those in the group consisting of the following: Scal and CD34 and

CD38 and Thyl.

4. A method according to claim 2 or ciaim 3 wherein the sorting method comprises

the use of flow cytometry.

5. A popuiation of haemopoietic stem cells (HSCs) isolated from the placenta of a

human individual post-partum.

6. A population of haemopoietic stem cells (HSCs) according to claim 5 which have

potent multi-lineage cell repopulation activity.

7. A population of human haemopoietic stem cells (HSCs) according to clamm 6
which have a more potent multi-lineage cell repopulation activity than a similar
aumber of HSCs extracted from one or more sources of HSCs selected from the

group consisting of: cord blood, bone marrow and peripheral blood.

8. A population of human hasmopoietic stem cells (HSCs) according to any of claim 3,
& and 7 wherein the number of HSCs within that population has been increased by
treatment of that cell population with any one or more growth factors in the group

consisting of the following: IL-3, TL-6, Tpe, OSM, SCF, GM-CSF, MIP1ly, Wnt, BMP,
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NGFp; or treating them with explant cultures derived from placenta, and/or treating
them with explant cultures derived from AGM and/or reaggregation cultures and/or

stromal cell cocultures.

9. A method for providing a population of human HSCs comprising the steps of:

(a) Extracting a population of HSCs from human post-partum placenta, and

(b} Treating that population of cells with one or mbre growth factors in the group
consisting of: IL-3, IL-6, Tpo, OSM, SCF, GM-CSF, MIPly, Wnt, BMP, NGFp;
treating them with explant cultures derived from placenta, and/or treating them with
explant cultures derived from AGM and/or reaggregation cultures and/or stromal cell

cocultures.

10. Haemopoietic stem cells (HSCs) isolated from the placenta of a human

individual post-parturn for use in therapy.

11, Haemopoietic stem cells according to claim 10, wherein those cells possess one

or more of the features of ciaims 3 to §.

12, Use of one or more human haemopoietic stem cells (HSCs) according to any of
claims 5 to 8 in the manufacture of a medicament for populating a human

individual with haemopoietic stem cells.

13, A population of haemopoietic stem cells isolated from the placenta of a human

individual post-partum that maintain their viability and function after storage.

14, Use of HSCs isolated from the placenta of a human individual post-partum in
the manufacture of a medicament for populating a variety of non-hematopoietic
tissues of an individual with haemopoietic stem cells and/or the progeny of

those cells obtained after ex vivo culture.



