. Patents No. 5,843,780 and No. 6,200, 806 to
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i ncl udes ay¥ashakyw of techniques to manipul ate various ceald@ysedisilas Vi ng
organisnms In vitro. O particular interest is a category of cell known as a

stemcell. Stemcells are undifferentiated or only partially
differentiated cells that have the capability to differentiate into a

nunber of progenitor | term"stem
cell s" can be used t%@?fﬁ%@%@%@*@%@ﬁﬁ?%@%ﬁg@m tor of a

differentiation cellular Ilineage in a larger organism such as
hemat opoi etic stemcell, or can refer to totally undifferentiated stem
cells which, at |east in th8NGKGROVEND OF A INVENTIONIi fferentiate into any

of the tissues of body.. Stemce]ls are, at a mninmum pluripotent,
meani ng that they %@e@ﬁtﬂﬁlﬁgﬁém@%wﬂr&w ‘P@F qugt o manRlata Mgriays eellsr ent
cel | typegsyigng ofgamsaef,,t&&+.per iey ARG haxe, c}rggfceﬁ%gﬁh"aghsﬁﬂl cell.

Il type o %a Ismof t

differentiate Tnto any ce a mature or e species. Stem
cel |  cul Stemesell areamiddferentiated bopdy phrtiokty diffeniiaéd/ceilf tiat bamahd sapalsiigne from

a nunber qf different apimals. Recentl it _has becone possible to
generat e, g’éfﬂet“f}f‘t@ “gﬁénﬂﬁlgﬂﬁﬂ’w&?ﬁﬂt‘fﬁflég}abﬁ‘e ceﬁﬂi%&eé a’é‘?rﬁ’i’g%nw e ey | s,
i ncl udi ngcdimesh Bged fb%féﬁto%’ﬁé!lug& whigh :%rﬂl@q‘rb}géﬁtom diffeenti 8168 Tfar US

) ¢ ) 0 Thonson. Primate enbryonic stem
cel | s ar elingagerinclarger ergargsme.sveldas hapmatapoistiy stemtdellf orsam wferdo totalf i nitely in

o R b B e STt Sk -5
» i ndefi ni t@k Yisduls 'élrthélﬂéﬁyf cemendsatedt §ﬁ1ﬁ%}xﬁuﬂnﬂplﬁﬂﬁ&&¥tﬁneﬁng¢tfxﬁl he vk aped  to |

start a differentiation process t‘% whi ch various of the Cells becone
commi t t edpatentighte differenfitetintolreanyalitftromraeh typies, lanthway be totipyisnt; alcayipg hive the

0 et B O3 by o B b o MRS SR 1
“body to hapius hvedicki @6veldbedirOm! I WaRict T itios tiRk nd KA muber of different

animals. -

Recently, it has become possible to generate, culture and maintain cultures of

primate embryonic stem cells, including human and rhesus embryonic stem cells. See, for

example, US Patents No. 5,843,780 and No. 6,200,806 to Thomson. Primate embryonic stem
~“cells are stem cultures created from embryos that survive indefinitely in culture and demonstrate

the ability to differentiate into the major tissue types of the primate body. Primate embryonic

stem cells can be maintained indefinitely in an undifferentiated state in culture, or can be allowed

to start a differentiation process by which various of the cells become committed to one or

multiple developmental lineages. Typically, the differentiation of stem cells into different tissue

types begins with the creation of embryoid bodies, which causes the stem cells in the embryonic

body to begin to differentiate into various cell types.
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and research interest is a human trophoblast. A trophoblast is a cell which
is a precursor of the cells which participate in the formation of the
human placenta. Wen an enmbryo begins differentiation, at the stage of a

bl astocyst, the cells in the inner cell nmass are conmtted to formthe
cells which will Pb@@@rﬁeﬂqrﬁélatedme)@@humm ¢ell of priensidic end res¢areh inferesttipa

ol acent HonsrpRRARECR kb B R Ppnd BT s 0 BECR Buiealal®

di f fi culHe fointatios of @k ﬁmaandplhaeﬂea Mienlaﬁemb@wegabhlefefeﬁﬁaﬁ@sgah@dnagermfa
significant anpunts. Mbouse trophobl ast cell lines have been created from

bl ast ocPestogyst thessls in fhs 1w sell wassargorBBitted oo fhewells wiiphwbl beseme e |

lines h cen techni ques to
create %éﬁ?ge‘g@egpggﬁ%%ﬁg %%g%&% §s rérr“uﬁ%lofonlc1 & 1PI%Se or stem cel |

| i nes hamldpmeny@ﬁthqamnfaemphaﬂast Whis heve Beirizolarsaibesons) ibat ﬁé)ezﬁrb adfiest W | |
spont aneous| y (ifferetgit iate_into a nunber of_ differentiated cell Wﬁpes,

i ncl udi HysdaFand hayp pelhessavaidhle for respareh wisignidivaniemonats. Mevse tiwghqblast

creatio ff, - t ryoni c
ot om coltpShabotie creafit Holf Wi U MR rhobllt Hilman TRUAGEF T V0"
and hencd] llnehhamham Meﬂéd ﬁompﬂandibmﬁdqﬂdmaﬂaia:len@joat thehmiquex tore@eatd qultndes pf t ed. A
repl eni shabl e su of co siste t rophopl.ast, cells woul d be usef ul
for mnpﬂmﬁtﬁgpala@&ﬂg P@Lﬁqr siem ceﬁ Lingshave Befivgt beep ﬁ@ogﬁ%%éﬁ‘%ﬁ i on of
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preventing placénta-related ects remain t scientific
i nvest i tyats, mnltﬁh’gtsomalropimbbﬂtrcsﬂedumphdnomoahaaﬁmlgim\ﬂnateehtxbhafusaﬁﬂ;our ce of

[ bl i | abl S OF
P o ocentorS o SRRl dells. M et BVyes crbl ot SER GBI APPEE pTEch N BRI 1y
di f f er epficath8ate iﬂ&s RofHeBRY, dddarhad t@%ﬁﬁpw epﬁ%ﬂeﬁwt@ﬁas%ﬁ@&ys%fee&&u%myng the

primate stemcells in the presenée of tern trophobl ast-1 nducing
f act or . liDited IPasdemBhnblerﬁapplaloéommwtentMphublaﬂwés wxiulqbbﬂ: very esdfuldpholiyast cel | s

creat ed t he u scl,osed t further,is a mst hod for
testin g l'éaé@megu %tg@ﬁ? g%@qﬁmp&q{ahon contraceptive drugs targeting

embryo anlantatlon and therapeutics preventing placenta-refated birth defects remain the topics

of scientific investigation that can be pursued with more ease provided that a source of primate

trophoblasts is available.

BRIEF SUMMARY OF THE INVENTION
Disclosed is a method to induce primate stem cells to predominantly differentiate
into human trophoblasts includes the step of culturing the primate stem cells in the presence of
a protein trophoblast-inducing factor.
_ | Disclosed further are uniform cultures of primate trophoblast cells created by the
method taught here.
Disclosed yet further is a method for testing agents on placental cells in which
the agents are exposed to trophoblast cultures as described here.
Cultures of nearly
pure trophoblasts in a uniform consistent and reproducible manner can be created.
| Disclosed is the first method known to cause primate stem cells in culture to
‘repeatedly, directly, individually and in synchrony predominantly differentiate into a committed

cell lineage.




the agents are exposed to trophobl ast cultures as desctd beckrlitasr@00€ul t ur es
of nearly pure trophoblasts in a uniform consistent and reproduci bl e manner
can be created. Disclosed is the first method known to cause prinate stem
cells in culture to repeatedly, directly, individually and in synchrony
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provi déndue Ijliﬁhhﬁﬂ;térﬁ celrlmiaahffmnmmé mts haﬁhlcphinatettﬁ)p@bﬁlhﬁroen@ t@ﬁmmﬂg thehuman
primate tr blast cells conpri g the step of culturing the primte

st em cé&l9Ps? f.p hlturae she pemete 8Pma<:f:§ﬁ e é‘ilfhP’EqS%Rﬂ%tﬂ 9a§¥°t?lﬁdﬂﬁ3ﬁlg‘?i§st -IRGABE £ r om
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activate BMP signaling 1n"stemce ccording to a second aspect of the
pr esentBMngnalnrtgnnstdmecdlas provided a culture of primate trophobl ast
cells ininvitro culture, the trophoblast cells derived fromprinmte stem
cells exposed to a trophoblast inducing factor fromthe Bone Morphogenic

Protein (B'VB)ccorfdﬂ? ol s%&%d’ﬂéﬁé&bf‘th%fib?esﬁﬁtqh%nti%ﬁnth@f’etlé %!Me@%uﬁh@@l ing in

stemcells. Accor ird aspect of resent invention provides a

met hod Pﬁfnaltfé%@h@blasﬁ@ﬂﬁ isinfygiro celgire, tb¢ frephobiast mllademf@d frema|prisnatostemi si ng
t I {
of a1 PGP AltnaBohiaR Rl ot o RishRyER e ehdBM Covmy

fani | y fanily mhwmremtthefafcaﬁtcaﬁ acateBNPwainaliBy/Mh segralli.ng in  stemcells;

exposi ng the trophoblast cells to the agent; and obserw ng what effect the
agent has on the trophoblast cells. -2a ------------ e 19

Decerber 200G W08/, Q48RP I g&f@ﬂe@eﬁ@ﬂ“&enﬁon provides a method of testing

agents for their effect on placental cells comprising creating trophoblast cells by culturing
primate stem cells in the presence of a trophoblast inducing factor from the Bone |

Morphogenic Protein (BMP) family and wherein the factor can activate BMP signaling in
stem cells; exposing the trophoblast cells to the agent; and observing what effect the agent

has on the trophoblast cells.
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O her obj ects, features and advantages of the present i9BDegdmissr 20061 becone
apparent fromthe foll ow ng specification. BRI EF DESCRI PTI ON OF THE SEVERAL
VIEWS OF T WGS Fig. | is a graphical illustrati ,Secretion
of hor rmne?ﬁ%y ro%'hobl ast cells cultured according to %ﬁoﬁ%@%ﬁ?

I nventi on. DETAILED DESCRI PTI ON OF THE | NVENTI ON The present invention is
prem sed on an observation. It has been found by the inventors here that

certain protein factors wll cause prinate e oni ¢, stem cel to .
differentiate dir ec(%?fowm feay aduqniqges qr’%.ggpffafﬁ“tt’?\%‘ﬂ%@gec@ﬁ\el s are
stabl e andaé@mhpﬁ(gmq{elfomvﬁﬁgﬁ,eﬁﬁédﬁéh_ar characteristics of placental

[1s. Si '

precur sor ‘ Since the CTreation and culture of primte and human
enbryoni c stem cells have becone standardi zed and readily reproducibl e,
this observation ' [ | ' J ' of a nmmjor
class of a sing|éﬁggﬁiﬁ¥£@@ﬁﬁbhgﬁﬁ3§ﬁ§§%$$§$§?é“@?¥23§?;ﬁﬁﬁﬂﬁﬁﬁshunan or
other primate stem g} || iSOpthSHval Mukiish of the 8Ecy@idh BPhBAsY BrdpholBst cells
enbryoi d body. It has” been found here that the protein factors that cause -
direct di fdulmreedtapenrdingtoghe prpseniinventienbr yoni ¢ stem cell's to trophobl ast
cells include bone norphogenic protein 4 (BMW4) as well as related protein
factors such as BwMP2, BMP7, and growth and differentiation factor 5

(GDF5). Such a factor i spReAH BIEDESCRIPTIONSGF SHEMNMESINOB - | nduci ng factor
The availability of human and other prinmate trophoblast cells in

reproduci bl e quant {Th¢ presantilreentipe ixprpmisedrengn sgreaiiong lithay beeatfounddy i t he
behavi or of I Lds, L.t SSi [ ' and
moxhaust BB ST AR o s Db it Bl Rl FerbyeiRt o oA Aithodtef
envi si onedideéiit info teophbilin edllsaThe €SpHobRI dells 88 stalsle aktbexiRAchIf shthedutnlae al
reaction studies to nodel the behavior of placental cells for use in drug
testing, Ishaactemiticyefplacental prepursebsellyy Singe fhelcreatien gdculiye of primatgrapd ymang

pl acent al : I -Whi okbig. f 13
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i nvest i gatpeskitly for tisfisMinnghé teathid atusaj@fclpsibal dsingte allenie(trophdbitet cells)
trophobl ast cell cultures. This disclosure includes data which deponstrates

that hurrediregtly 15emehussen ofatker pEmatn st pall sorrseREthantiETvePIB CEEPR PRI i nt o
trophobl a%ﬁ]bf}%lid t?O(R(y 1 Ha§ Bl GtMnd Weld tha (i ﬂg{eﬁl RO Rl cause direct differentiation of

primate embryonic stem cells to trophoblast cells include bone morphogenic protein 4 (BMP4) as
well as related protein factors such as BMP2, BMP7, and growth and differentiation factor 5

(GDF5). Such a facior is here referred to as a trophoblast-inducing factor.

" The availability of human and other primate frophoblast cells in reproducible
quantities makes possible many investigative studies on the behavior of placeﬁfal cells. Itis now

- possible to have a reproducible and inexhaustible supply of placental precursor cells. In

particular, it is envisioned that the trophoblast cell cultures can be used for chemical reaction
studies to model the behavior of placental cells for use in drug testing, both for general
toxicology as well as for specific effects on placental cells. For example, agents, which wouild
inhibit fertilized embryo implantation in a uterus, i.e. birth control agents, can be investigated by

h observing the effects of putative agents on the trophoblast cell cultures.

This disclosure includes data which demonstrates that human and other primate
stem cells can be directly transformed into trophoblast cells by treatment with a single protein
factor. As used herein, primate stem cells refers to human or other primate undifferentiated cells
which are at least.pluripotcnt. The stem cells used in the examples below originate from human
and rhesus embryos, and hence are known as primate embryonic stem cells. Embryonic stem
cells are stem cells derived from humans at some stage of development. The method described

 here is, however, equally applicable to human stem cells derived from other origins, including
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factor. As used herein, primate stemcells refers to htgBecenbetdoes pri mate
undi fferentiated cells which are at |east pluripotent. The stemcells used

‘in the exanploess/dighow ori gi nate from human and rhesus e é‘l‘?l?ﬁ hence
are known as prinmate enbryonic stemcells. Enbryonic stem)lyce ogﬂ%igye stem

cells derived from humans at sone stage of devel opnent. The. net hod
described here is, however, equally applicable to human stemcells derived

from ot her egibirginiSgerth M sHl = . 6 . 3,07 9

- PCT/ US03/ 08145 orier yon %ﬁég@ ﬁtfﬁﬁ%&éﬁﬁgggﬁééﬁﬁ%‘\éﬁe 3115 MOAE that o et

mat ure pri it Buberisten celliotill diffeaentintesntb aophobinéell 5TmbxbRAbERE bE eXficitnee

differentiat.g | tropho st.cells is unexpected based on experience

with nouse%é@eﬁ%&%g W.Ce%%ﬁ’lnétq g“ﬁ’ér“ioiﬂéechd%h%%@@nmquﬁ%g@m ctlisd nouse

stem cel | s ubytipufdioh pithabi@RalhitirBen hBicPha 6 k& SR OBRP Tha DAY SO far
I'ntact

been unsuccessful , and when formed into chineras w't
pre- i mpl anf¥fimed inte shimpies withiniant petiexpladtios embryeb, ymoneditem RullEratedy cdniiBute to

t rophobl as I | f use enbryoni ¢ st cells to formtrophobl ast-
cells is cglr?st%r@ﬁ%gr%@" we&%‘%ﬁgp PRESSPOYPRHC %ﬁ%&‘g{? drophobiastenlls & goasisters
devel opmentithlthe thedty har mb@e RibRjohiceem &3k Qféﬁfc%loﬂiﬁén‘fﬁlyfsﬂflﬁ?& t@éﬁxﬁfﬁv

c e

del am nati on of the_egri mtive endodermfromthe i nner “call S ana whi ch
no | onger EHPHeTmpYhighformgs afirs delemination afthe piimisivg endoBien £bin thé Minafcal wasn

enmbryoni ¢ gtEhk; trophobl ast cells ggest s basi c difference

bet ween t hiﬁ deve g%iﬁé%{rg%%tﬁ%@ﬁ t8I(glg)":’otlmph NEAgE: ﬁ l%ﬁgﬁ%’m enbyyens den| s.

Not e t hat - ¢dhie torforin ddpliublast delly Qlggess ﬁB%i(?d?ﬁ'éﬂeﬁ&tbieﬁkel?fhetdée?l?%ment poten jal o
re,*w

trophobl ast - | ndu&gng factor directly to stemcells In cu out any
i it'er veni nHOHCSEL BUBY enhnyani¢ Sjemsellci ated with differentiation of stem

cells. In particula stage of, transition to enpryaid . bodies
is associated with f 0{@8@%}1@%@0%{3 eeﬁvgﬁrg§ &'ﬁf?lg'(ciatbqf %@c‘é@glokléﬁ'l’é‘i‘@%cel | s
cul tured bfgctot diesctly testens cdlls irg@ileke WithoQiny iry Qfidp prb&sgeg?mﬁm %séo@lg{cd many
different cel |.£%I neages or cell types normally result. By contrast, the
met hod desift fibigreptiation ofsiem cells: Jdn parasuler, dptettient e stage ofdransition bemtsyadn cel | s
to a comupdiisid KERptdIa; t - ft0phobl ast. To denonstrate that the
directed differentiat! gﬁﬁﬁlﬁglpéhnq{%e ed If?eﬁgrgla bge/slite) fpx fiemeqefls cultured by other
means 1s generally not uniform, in the sense that many different cell lineages or cell types

normally result. By contrast, the method described here results in a mass differentiation of the
stem cells to a common differentiated cell type, trophoblast.

‘To demonstrate that the directed differentiation of stem cels into trophoblast'cells'

is due to the influence of the trophoblast-inducing factor, it is possible to inhibit the action of the
trophoblast-inducing factor and observed the result. If BMP4 is the trophoblast-inducing factor,
this protein can be inhibited by soluble BMP4 receptor or by the antagonizing protein noggin.
That is, if one cultures primate stem cells with BMP4 only, the stem cell culture will exhibit large
scale directed differentiation to trophoblast cell types. However, if one cultures a similar primate
stem cell culture with BMP4 and an inhibitor, such as the soluble BMP4 receptor or noggin, the
differentiation to trophoblast cells will not occur.

Human embryonic stem cells in culture have a very distinctive morphology. The
cells are small, compact, and uniform, have distinct cell membranes and cluster in groups. The
differentiation of stem cells into other cell types is a visible process as the stem cells become
larger and more diffuse. Experienced technicians can recognize by cellular appearance of the

_differentiated cells for many cell types. In the case of trophoblast cells, the cells do become
larger and flatien, and the cells membranes becomés diffuse to invisible. However, to
supplement the status of the trophoblast cells, various characterizing studies of the cells were

undertaken. A gene expression study using DNA microarrays was conducted to examine the -
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is due to the influence of the trophobl ast-induci ng fae$ Oecember2Z0possi bl e
to inhibit the action of the trophoblast-inducing factor and observed the
result. |If QMRAwrsses he trophobl ast-inducing factor, thisppreikeiq,gan be
i nhi bited by sol uble BWMP4 receptor or by the antagoni zi ng protein noggin.
That is, if one cultures primate stemcells with BVWP4 only, the stem cell
culture will exhibit large scale directed differentiation to trophobl ast

cell types. L cul fures a siml.a ri mat e temcell culture
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The result 1 | | ' } £ | t ' tiated
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became evident on day 2 for cultures treated with 100 ng/ml BMP4, day 3 or 4 for cultures

treated with 10 ng/ml and days 4 to 5 for cultures treated with 1 ng/ml BMP4.

Similar experiments were conducted with other members of the BMP4 protein
. -si.gnal--fanﬁly.- Proteins which have been demonstrate to--acﬁvafé-a-siniilar-cffect, fo cause stem
cells to change to trophoblast cells, include BMP2, BMP7, and growth and differentiation factor
5 (GDF5). Other proteins, including members of the TGF superfamily, such as TGF beta } and
activin, were found not to activate this same morphological change in stem cells. Similar
morphological changes were observed on rhesus embryonic stem celi lines treated with BMP4,
BMP2, BMP7 and GDF5.

The change in morphology of the stem cells treated with the trophoblast-inducing
factor is consistent with the morphological changes that occur in the development of an embryo
where some cells become committed to a lineage resulting in the placenta. In addition to the
morphological changes, the celis begin to express transcription factors GATA2 and GATA3 and
chorionic gonadatrophin alpha and beta genes, all of which are expressed in trophoblasts created
by other means. The cells produce high amounts of placental hormones including chorionic

~ gonadatrophins, estradiol, and progesterone. The cells continue to secrete these hormones
indefinitely. Flow cytometry of the cells demonstrate that the cells are, at least predominantly,

CG beta positive.
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culture medium The stemcells were as a monol ayer andi®Decagisrezgasced in
enbryoid bodies. The H cells then underwent a dose and tine dependent
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conduct ed Pkiheasildigensst Huvi been mevidmty dharsicleyizédaas ralatad to the development of

trophoblast or placenta. Many of these genes encode transcription factors, such as transcription

factor AP-2 (TFAP2), msh homeobox homolog 2 (MSX2), a suppressor of cytokine signaling 3
(SSI3), GATA binding proteins 2 and 3 (GATA2 and GATA3) and hairy/enhancer-of-spli related
with YPRW motif 1 (HEY1). By day 7 of treatment with BMP4, there was also .obscrved 2
dramatic increase in mRNA. expressioﬁ of many genes known to be expressed in trophoblast or

placenta, such as genes encoding CG-o and CG-8 subunits, luteinizing homone-alpha and
placental growth factor. We also sued RT-PCR to observe enhanced expression of trophoblast

. markers, including CG-8, glial cells missing-1 (GCM1), the non-classical HLA class I molecule
HLA—GI, and CD9. All of the top ten upregulated clones, representing 8 genes, in the
microarray analysis, with one exception, encode proteins or peptides previously associated with
genes expressed in irophoblast cells. By conirast, after 7 days of BMP4 treatment, transcripts of
several genes highly expressed in pluripotent cells had declined, such as those encoding the POU
domain, class 5, transcription factor 1 (POUSF1, also known as OCT4), and telomerase reverse
transcription factor (TERT).

\ To further confirm the character of the cells, the amount of the placental hormones
CG, estradiol and progesterone secreted into the medium of the cells was examined. H1 cells
treated with BMP4 showed markedly higher concentrations of each hormone as compared to
undifferentiated cells or cells differentiated in unconditioned medium. Fig. 1 illustrates the time

course in the increase of these hormones in the cells exposed to BMP4 (CM+BMP4) as
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wer-e added to the culture at the sane tinme as the prot ¢} Detaabar2006t was
found that if a soluble BMP receptor (at 100 ng/m ) or the BMP
“ant agoni zi ng protein noggin (at 300 ng/m) were added to the culture at
the sane two®3AB90r BMP4, the norphol ogi cal change in t RETASEMSER| | s was
entirely prevented. This denonstrates the specificity of the effect of the
activating protein factor. Simlar experinents were conducted on anot her
stemcell lines, naned H9, with simlar result in the production of :
t r ophobl agbmpekd & cellnwithistit BMIH, (CM)sindictlspemified forifireniat in vuvddidipesf on H
cells cultured in the absence of bFGF, suggesting that the effect is
uni ver sal RYUK{IMY stem cells from various donors and is not dependent on
the presence of bFGF. To further investigate the character of the
trophobl asts, cDNA microarrays were used to analyze genes differentially
expressed in the BMP4-treated cells and the untreated undifferentiated H
cells. O the 43,000 eDNA genes exam ned on the arrays, a cluster of only
Y9 clones, representing 14 genes, was strongly upregulated during all the
time points exam ned. O these 14 genes, | | have been previously
characterized as related to the devel opnent of trophoblast or placenta.
Many of these genes encode transcription factors, such as transcription
factor AP-2 (TFAP2), nsh homeobox hompl og 2 (MSX2), a suppressor of
cytokine signaling 3 (SS13), GATA binding proteins 2 and 3 (GATA2 and
GATA3) and hairy/enhancer-of-spli related wth YPRWnotif 1 (HEY!). By day
7 of treatnment with BMP4, there was al so observed a dramatic increase in
MRNA expr essi on of many genes known to be expressed in trophobl ast or
ﬁl@centa, such as genes encoding CGa and CG /3 subunits, luteinizing
onone-al pha and placental growh factor. W al so sued RT-PCR to observe
enhanced expression of trophoblast markers, including CG/3, glial _cells
m ssing-1 (GCML), the non-classical HLA class | nolecule HLA-A, and CD9.
Al'l of the top ten upregul ated cl ones, representing 8 genes, in the
m croarray analysis, wth one exception, encode proteins or peptides
.previously associated with genes expressed in trophoblast cells. By
contrast, after 7 days of BMP4 treatnent, transcripts of several genes
hi ghly expressed in pluripotent cells had declined, such as those encodi ng
the POU domain, class 5, transcription factor | (POJSF1, al so known as
OCT4), and tel onerase reverse transcription factor (TERT).




To further confirmthe character of the cells, the anolhDeamldn@0ps acent al
hornmones CG estradiol and progesterone secreted into the nmedi umof the
cells was examned. H cells treated with BMP4 showed mar kedly hi gher
concentrations of each hornone as conpared to undifferentiated cells or
cells differentiated in unconditioned medium Fig. 1 illustrates the tinme
course in the increase of these hornones in the cells expgsed to BMP4
(CvitBMP4) as 6 19 Decenber 2006 WD 03/078599 PCT/US03/08132 conpared to
cells without BMP4 (CM and cells permtted to differentiate in

uncondi ti ne medium (UM . -7 19 Decenber 2006 CLAIMS 1. A nethod to

I nduce prinate stemcells to differentiate into prinmate trophoblast cells
conprising the step of culturing the primate stemcells in the presence of
a protein trophobl ast-inducing factaor fromthe Bone Mrphogenic Protein
(BWP) family &nd whemgthadiiReinduce; rimatgnster tqellaite EffFrentiajndnionprimste st em
cell's. 2. wbpbiBtlndedipripitme iteﬂmu@thﬂnééﬂe Hﬁ‘l%%t:)éﬁl I:erlﬂr?xtﬂﬁﬁl EadeRguci ng
factor is selected fromthe group consisti Hg of bone norphogenic protein 4
( BMP4) ,  bameoteip tioplbiast-indygieg gamr fizpaeBone Bbmphagonip Poeteini (BMIDdiweilyy 7( BVMP7)
and growt | tiatl f . .13 The nmethod of claim 2
wher ei n ttﬁ%@‘g‘?%‘iq*éli‘;ﬁ?%c?%ﬁh@%‘ft% -@ﬁgg@%bn%%?%rceﬁ% applied to the stem
cells at a concentration of between | and 100 nanogramper mlliliter of
culture rmedigm 4rp THans@b Q8P wheridthd pibhsh Sbphdblet-fidating €ica ivgetectedan
enbryonic stemcells. 5. The nethod of clpa_i m1 wherein the stemcells are
non- humafioprthergroep eorisisiing ofbonstreerphegenic praeingd @ME4) konprmepphogenic protein

\'E) ophobl g(?BtM}C‘Zej! osne in{]orgﬁ'o g\élnicrp?ot%ﬁl ’}(ﬂf\ﬁ’ﬂ ElIIP(F gr%xrvvapfjj}ﬁbdiﬁ@}entiaﬁon factor 5 (GDFS5).

3. The method of claim 2 wherein the protein trophoblast-inducing factor is applied

to the stem cells at a concentration of between 1 and 100 nanogram per milliliter of culture

mediam.
4. The method of claim 1 wherein the stem cells are human embryonic stem cells.
_5...... The method of claim 1 wherein the stem cells are non-human primate embryonic -
stem cells.
' 6. A culture of primate trophoblast cells in in vitro culture, the trophoblast
D | - cells derived from primate stem cells exposed to a trophoblast inducing factor from the

~ Bone Morphogenic Protein (BMP) family and wherein the factor can activate BMP

signaling in stem cells.

7. The culture of claim 6 wherein the trophoblast-inducing factor is selected from the
group consisting of bone morphogenic pl:otein 4 (BMP4), bone morphogenic protein 2(BMP2),
bone morphogenic protein 7(BMP7) and growth and differentiation factor 5 (GDF5).

8. The culture of claim 6 wherein the trophoblast cells are human cells.

9. The culture of claim 6 wherein the trophoblast cells are non-human primate cells.
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factor fromthe Bone Mirphogenic Protein (BW) famly and wherein the
factor can activate BW signaling in stemcells. 7. The culture of claimé6
wherein the trophobl ast-inducing factor is selected fromthe group

consi sting of bone norphogenic protein 4 (BMP4), bone norphogenic protein

2(BMP2), bong, nor phogenj c. prot ei n 7(BVPY. d growth and differentiation
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are non-huyman prinmpte cells. 8 19 Decenber 200¢ .

agent s f'B?““E’We‘g?m’é pradhe Bone yleiphonenic Frateing BMRamily ary! whesein thefaetpbphobl ast
cells bycaﬁu&tt‘ufampg;éngm{gqngjegmeggl s in the presence of a trophobl ast

i nduci ng factor fromthe Bone Myrphogenic Protein (BMP) famly and wherein

the factor GXRO%es the frophoblest osllgteths aggnt;andt em cel |'s; exposing t he
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o oA R e R w

t he trophobl ast cells Siher ei n t he

t rophobl ast -i nducing factor is selected from the group consisting of bone
mor phogeni ¢ plot effhendiRd)claitaq0eyiepsn ihoblastcihéiding A¢BMVE2Elected fom

nor phogeni ¢ protein 7(BMP7) and growh and differentiation factor 5 (GDF5).
12, The thesgagicemising phbans merehescricpratett H FRMEHh &ous WOMbradIq BIOISR i s

appl i ed P?MP E%}? Bﬂ% | Qﬁ#&% AWt "1‘%@0 IHROgr am
per m IF I bgﬁécu S’E%Iﬁﬁglt&t%?ng w#ﬁfeér?re%%g 0 cﬁ%tlr%ﬁnl Vﬁ‘l]%&l n’t he
stemcells are human enbryonic stemcells. 14.- The method of claim 10
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stem cells at a concentration of between 1 and 100 nanogram per milliliter of culture medium.
13.  The method of claim 10 wherein the stem cells are human embryonic stem cells.

14.  The method of claim 10 wherein the stem cells are non-human primate embryonic

stem cells




