PREPRI MGPVE STREAK AND MESENDODERM CELLS Fi el d of the
I nvention [0001] The present invention relates to the
wo p@base2es nmedi ci ne and cell biology. |n partieci/as2005024264
the present invention relates to conpositions
conprising preprimtive streak and/ or nesendoderm
cells as well as nethods of naking, isolating and
usi ng such cells. Background [0002] Human pl uri pot ent
stemcells, such as enbryonic stem (ES) cells and
enbryonic germ (EG cells, were first isolated in
culture without fibroblast feeders in 1994 (Bongso et
al., 1994) and with fibrobl ast feeders (Hogan, 1997).
Later, Thonson, Reubi noff and Shanbl ott established
continuous cultures of human ES and EG cel I s using
mtotically inactivated nouse feeder |ayers (Reubinoff
et al., 2000; Shanblott et al., 1998; Thonson et al.
1998). [0003] Human ES and EG cells (hESCs) offer
uni que opportunities for investigating early stages of
human devel opnent as well as for therapeutic
intervention in several disease states, such as
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cell therapy procedures that utilize cells from donor
pancreases for the treatnent of diabetes. However,
presently it is not known how to generate an
i ns Bagkgnameiafg thec diiventgmrhESCs. As such, current
cell therapy treatnents for diabetes nellitus, which
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Al t hough pl uripotency inparts extraordinary utilif
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on def.i.ni ng .apprapriate markers. Achieving efficient,
di r et leldlzdﬂngJTdoéfﬁTricé’tjitgﬁ"i s of great inportance for
t herapeutic application of hESCs.[0005] As such, in
addition to achieving efficient directed
differentiation of hESCs, it would be beneficial to
identify markers which can be used to identify and/or
segregate cells at their earliest stages of
differentiation away from hESCs. Additionally, it
woul d be beneficial to identify factors which pronote
the differentiation of these early precursor cells
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In such enbodi nents, marker detection can be by
guantitative polynerase chain reaction (QPCR),
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Wth respect to certain nethods described herein, from
at | east about 5%to at |east-about 90% of the human
cells in culture differentiate into nmesendoderm cells.
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still other enbodinents, the cell population is
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conprise the steps of (a) obtaining a populations of
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pluripotent cells so as to produce nesendoderm cells
which are nultipotent cells that can differentiate
into nesodermcells and/or definitive endoderm cells,
and (c) separating the nesendodermcells fromcells
that do not express GFP. In sone enbodi nents, the cel
popul ati on conpri ses at | east about 95%to at | east
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[0030] 3. The cell culture of paragraph 1, wherein at
| east about 20% of said human cells are preprimtive
waeoeabs2s®l | s. [0031] 4. The cell culture of peCERYSAPFI024264
1, wherein at |east about 30% of said human cells are
preprimtive streak cells. [0032]-5. The cell culture
of paragraph 1, wherein at |east about 40% of said
hu l.s.ar reprim ti r ls. [QO0 :
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i N sAibbtaEdtisldy archswaeite itr igl- gdodast. about 75% of
human cells other than said human feeder cells are
preprimtive streak cells. [0042] 15. The cell culture
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par agraph 1, wherein said cell culture is
substantially free of cells selected fromthe group
consi sting of visceral endodermal cells,

pari et al endodermal cells, primtive endodermal cells,
definitive endodermal cells, ectodermal cells and
mesodermal cells. [0049] 22. The cell culture of
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[0096] 69. The cell popul ation of paragraph 68,

wherein the expression of a marker selected fromthe
w@ermep3esnsi sting of FG-8 and nucl ear -1 ocal i zeRCT/US2005/024264

b-catenin is greater than the expression of a marker

sel ected fromthe group consist4ng of brachyury, FG-4,

SNAI'l , SOX17, FOXA2, SOX7 and SOXI in said human
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pluripotent cells to preprimtive streak cells, said

preprimtive streak cells being nmultipotent cells that

can differentiate into nesendodermcells. [0111] 84.
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pluripotent human cells differentiate into nmesendoderm
cells. [0154] 127. The nethod of paragraph 118,
wob@sesarsat | east about 30% of said pl uri pot enPCTUREING/024264
cells differentiate into nesendodermcells. [0155]
128. The nethod of paragraph 118,- wherein at | east
about 40% of said pluripotent human cells
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[0213] 186. The nethod of paragraph 185, wherein said
human preprimtive streak cells conprise at |east
wW@bwman3a89 of the human cells in said cell popedEUSIING/024264
[0214] 187. The nethod of paragraph 185, wherein hunan
feeder cells are present in sai@ cell popul ation and
wherein at | east about 10% of the human cells other
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sel eHretrdtreomitshdagrdgap caitiaste .ng Woferb taeh wuppl yF&GA tage

and SNAIl . [022 193. . The net hod of paragraph 185, _
e BITPS e HOTIF FRAHITHS V8 ostE IR Ate TEup clrcuitry
di f frgred afc it IR0 ¢eld S/d1t dRSRrRRreR thiensal d

candi date differentiation factor. [0221] 194. The
19ret Hod Bl tar ddiaaie 198 sMppYlel voddiagemgiorr tios @ power-off

sel om p i St EOXEIl . EL -
e N
par agraapidel8 somshdreatal i drdltrmge preeprtisnnafearesiceealol tage
cells differentiate into definitive endtiderm cel | in

{ o5 FOFRIL HHETL AP CHR AT dioieren ok Lo {5 EGRPLe the

[022334ndp heumiRod O RAHEH aply Bhddehereilt a3l d
marker is selected fromthe group consisting of CXCR4

2Qnd QUL [ 02y VIJEagrhESRRtd@PofC igEddrapRcre@yding to
WA . . . ol
ot i AR P e B, PR deP e bed AP0 chac

poputetiiore HdRASIurl $8d/Hre puetehodicom pamregtdpnitgs, For
wherein said first tinme point i.s at .appr.oximtely the.
S AT S P Aes B S i S e A g 10
f actnrdertsid weitdlH mReRidhatd ieuitd22@uci®9%s Dramret hod
of paragraph 185, wherein said first tine point is

25ubsEfiHt t o PSS dgadaire s afditdd & ryiertei@nt i1&S sRture
factgig t&ﬁﬁd@s %{%N RUALIA0 028 %%gja e miodhe
of paragraph 185, vawer I n expression of I'd marker 1s
I ncragasehar] iz’ |d x20v. ngEh eonreettieo d cdfl gpaimay daia 1185,
V\,heréei n ej;(@{.essi on of said marker is decreased. [0229]
202. %9 HOtF of par agr aph 185, wherein expression
of said marker is determi ned by quantitative
pol yBrels adtat ipyieac tdfor HeQREWind0230] 203. The
nmet hod of paragraph 185, wherein expression of said

3qrar KE01% det 714 .nad iy 4 mimpddyiiechedhsintayt.id @3bram of
204. The net hod .of paragraph 185, wherein said
candi’dt%e T FEHeR eatqe%l‘?cpt&&”of:lc?&dﬁrti@es at | east
one grow h factor of the TGFb superfam |ly.[0232] 205.
The net hod of paragraph 204, wherein said at | east one
grow h factor of the TGFb superfamly is activin A
[0233] 206. The nethod of paragraph 185, wherein said
candi date differentiation factor conprises a snall
nol ecul e. [0234] 207. The nmethod of paragraph 185,
wherein said candidate differentiation factor
conprises a pol ypeptide. [0235] 208. The nethod of
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conprises at |l east one growmh factor of the TGFb
superfamly. [0274] 247. The nethod of paragraph 246,
wobmsesarssai d differentiation factor conpri sesPEUS20051024264
A. [0275] 248. The nethod of paragraph 245, wherein
sai d nmedi um | acks serum or | ackd serum repl acenent.
[0276] 249. A cell culture conprising human enbryonic
ste s (hESEs) di oMK S [
aboﬂqdb?c%](v/ v e ﬁ%ﬁ?ﬁ iRt TR rtpe e v1us
di f frarignigaaititisg cAdt za reel enaricy ttihee opeiratt isuc b ft kafl tage
expression of FGF8 nRNA is substantially upregul at ed
as GHETEAT &G Ye O&@%RNIA expression in said
hESGy do jabouty 16 hauris fo @inpalid il &c@reR thid iR of
[0277] 250. .The cell culture of paragraph 249, wherein
SexprvEddiagie ofe UaGEg arRIGA Lol idawh seg@iratiag &t éhegiorention.
24 h fromgsal d yefere [ int.].027 .
The lf:&eq ]cul t qulgr’l'of4 Slés’fé"lg ap %zg’gﬁ%rﬁ et:_"lh[ﬁ %eeg]l?r%%%e
expressiagye dfe g miRNAads hyeatiee dbaatdgapt ioie dugttwsgen
about 6 hours and about 24 hours from said reference
ti MEFHTHENG 27953 VeRd el | cul ture of paragraph
249, [ogpei N hrrat enighdie W eplapthe ihagidgtsaita riReeoRe trip-
| ocalized to the cell nucleus by about 17 hours from

- 1%aj paistterdifea nechelygoing oHee2g0r5d. thee vieditage

cul t . para 4 \m-]%lrei N 8XR: [ of
br acﬁtﬁercylrﬁﬁm&%;%&é gjr;ft ially 3ur?r egﬁ?ggr{gy ta Sout
24 hiowrentfircom sai d reference tinme point. [0281] 254.

The ce cul ture of npara h 253, wherein expressi on

of bl ry S 1 SIS A SRR Mo segtay of the
abOlHarfl:ﬁgéiDLHiS.cdcdiQ:foS Qa!cd:dx‘%fi@fgeft‘t‘ée tlHenﬁrﬁz@d%ti_-or{.OZSZ]

255. The cell culture of paragraph 254, wherei n peak

- 1expri@2Yn of BiGachyursy anitiRing Cdadrem af gififggent modes

oo wen b 2 o, andahady 44 s B sy .

par agreapmv2s8,iasher ei n brachyury nmRNA i n not

subs ti.ally ressed by .ahout 72 hours from.sai d

r ef eﬁogo%céé ti rreFe%g'i reﬁ 9 (5’2%4‘]%‘ S éfecaﬂocguﬁl&gga& of a
par agfafdin 24fht WHRIH b UL IHON riferft@oh MRNA is
substantially upregul ated by about 24 hours from said
~2%eference tine point. [0285] 258. The cell culture of

par %%@%ﬁhﬁ%@g%%rﬁw i IRlndi Gt MRVA is

substam ours from

sai dld0FHEr encF G e pdians [20286jp1259 edT e healdt iculdigoeram

of paragraph 25 erei n .peak expression of..FGF4 nRNA

's R R Bt B R g o

48 harentf1m satid-deftanene® tind ydidtvoltRR/]di28G%er 310
The cell culture of paragraph 259, wherein FGF4 nRNA

2% s s EReSld p@@ﬁ%@g@r@@qﬁ/ TR OF2 VoS 3 okRPUL
- sal %quzfageerkct? dH Mtve [(Q288hA6Lr MeE8ldtor 330.

cul ture par agr ap 49, wherein expre55|5% o

br acthaumpreiat aGEhaRYa L i sishstedritneal |by upredgulcatse312,

by out 24 ws fromsaid reference ti Qi nt. .

[ 028972 2654 rT}’(r)llzsg'celﬁs HMie & ﬁé’roa?ger 5#52511,8 erdi?n 1S
expreasg iy afo brachydr yr ansk fitdde NRNACb$p Bedb st ANt héll dnvode
downr egul at ed by about 48 hours fromsaid reference

3¢ i nehdigisqUR06 26 FherReds 1ot HasirsE BT 34 dgr sonpled
. 262,44 £idL PR PRSI0 1 achyurns and Haded 15

NMRNA 1s reached at a tinme between about 12 hours and
aboutoutd b rs draamdai dheefigmaric valitd@epdisntergvized] at

264. _.The cell .cul tu f paragr 63,. wher ei

br ac%ki/eurcyonanneactﬂ%‘—% Q\%N% iBﬂ r}?o w%%:gist%aer?tl‘lsatl rys é?)r(l&r éaélsdegw'
by about 72 hours fromsaid reference tinme point.

[0292] 265. The cell culture of paragraph 249, wherein
expression of SNAIl nRNA is substantially upregul ated

by about 24 hours fromsaid reference tine point.

[0293] 266. The cell culture of paragraph 265, wherein
expression of SNAIl nRNA is downregul ated by about 48
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reached prior to or at about the sane tine as
upregul ati on of expression of a marker gene sel ected

w0 eanr0sd2es gr oup consi sting of SOXI 7, FOXA2, OXORYUSANEI024264
MDCLI . . [0327] 300. The nethod of paragraph 297,
wherein in cells of said cell-c@lture, expression of a
mar ker gene selected fromthe group consisting of
PGl e EAAy, B 0d dlladcted co the
upr egul at'ed -prior upregu ati on o expression of a
mar kersigeine selredired f(Nodd 39 griowprpensitsty goaf The
bracrl}/lﬁ, FGF4, SNAII, wit3, MDCLI, DKK4, NETA, T,
DACHUCEE) Zle 2P RTAEPT GAY 1dh FBRIF E oIS 1 BEL e 32 -
net hat JuRld MRS e e Ll (ol & )M W LRRESES a
| ess than about 1% (v/v) serum [0329] 302. The net hod
of dargr dppun Dt WS 9 tsai3d 4redicu race Gigy igsds lod's PMOS
thancf?'akf'lo 'tsﬁ:g%‘tz%va(jsv./ V.)Th%ers%g}rc[eo%%o]mvﬁ)%s'tr-g?l%i tol}o%& f is
par agr ap , erein sald medi um conmpri ses “about “0%
(v/ Qowgdradnt d @3l Jarkie ofhe-awmidtat Gfl eparagriaph s293,
wherei n said nediuyml aclils er or .| acks _serum_ .
F ep| SEERAHES (R332 STEORRe o RS P Tpargr agH "o g1E
wheregipesiai ey d4dd arertdtderd ad of fcdnde iHgtR  (Node D)
superfam |y conprises activin A [0333] 306. The

1het Hfd N &redGy &6t 305 haneartaiut o5 FPAE ig@te A34s is
pre ' ' n tpat] .of t _
T e s Gt L Ly o e Lo o e

enbrBNABLE sigmadel | s (hESCs) and a medi um conpri si ng

| t bout_ 2% (VI wher ej i d_hESCs .
b 1 DY or orktt AATRTAR: P ARSE Qb Beoi des
t haty e s %IQ:faS@l WRNA 3o et Af r@Metrke group

consi sting of FZD FG-5 and OCT4 is substantially
1upr iR H5 Sohps@re E AP aArss dlzemé eXce sSinnt oolgage at

corr, ondi n e r t - I.Std

R i e o

f r omisaiudi trref &2e@noeit iveerypdimtvol[te3h] i308.1ially dellllowing

culture of paragraph 307, erein said di um

ol e B PR s AT 250t V55 197 v i€ Gor LD E55R voes) to

The el lpidddy erdfe agLapd. 07, t WheE£1 T Sabshitredi 1m

conprises | ess than about 0.2% (v/v) serum [0337]
23310.Vvoifes)cel |Theau|qQmRa 1S PaPegiiagimeso by Weamsinetegi d

medi U , ' Ahe 0 um..:[0338].,311. The

cel Iéjl::TCI uclq?lur%lr of par aglsqreasg t@%\g%@rv\% Z{ee {Bnr l[sp ai:EjgﬁrIﬁstd ﬂl%m

| acksrisgyamadyr dtackst Semumrrtepltac etertte JIOFENERZLP. ENABLE

The cgell culture of paragraph .307 further rising a

di £ (RIEITS | O SRCBIP 6T O PR R arkiey C (a3 REr e

313.makhedald wHdd Wi GloIRARIAPINCHE? B \WheicRidy Fded

differentiation factor conprises activin A  [0341] _
2314 Vvoiteae|at dadeure ofPYamEy sty -BRY N witdYee it i9aip@int

actiyj ' cent nat4.0

gt e B MR L i P R . e SR e, e
enbrbgmve Stemalddae (@ESCs)e @and a nmedi um conpri si ng

| ess abo 2% (V/.v)_ seru wherei.n sai.d_h
begi %&dgﬁhf er eﬁk}eatrienfl rae%ncae Nt e ‘? Ti'¥Fe Pﬁo‘%"rh%%g&%’
t hatbidqy 85 d 1ot it 190 ITNA sselRCtRGIrivad hey WRkiRction
consi sting of GBX2, ZFP42 and SOX2 is substantially

3 YowtridguI Hi%d 4as WEithridd & gusRdeAih & bRass Siegisust tame -
cor rzﬁ@.orhdl%@%M%%quw%ﬂwg%ﬁw%ﬂﬁsglly
of GBX2, ZFP42 and SOX2 7in said hESCs by about 2 hours
f r omaeisl uref eteeedanst iqemsi@ing,. drEB43lerg rempEhelcgwl .|
cul t of paraagraph, 315 ein sad mediym
co rrplﬁc’g'e 54 I %ssso t%nha 600 lvf%%r(e v /w\r%l)V e:fl er U mot%l[ 3;5* x4 ]r eff‘f enee
The cell culture of paragraph 315, wherein said nmedium
conprises | ess than about 0.2% (v/v) serum [0345]
318. The cell culture of paragraph 315, wherein said
medi um conpri ses about 0% (v/v) serum [0346] 319. The
cell culture of paragraph 315, wherein said nmedium
| acks serum or |acks serumreplacenent. [0347] 320.
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days 3 and 4 (48-96 hours). The full nanme of each
mar ker gene is provided in Table 1. [0373] Figures

W@ 2000030265 bar charts show ng the MRNA expr essi BII/US2005/024264
patterns of (A) the Brachyury marker for nmesendoderm
(BRACH), (B) the E-cadherin marker for hESCs, and (C
the SNAIl marker for nesendodermduring the first 48
hour. | fif erentd at.i i.ndj. :
"Es At Wi o A AT, A A2 350, g
(v/ wWelBS. o 3¥4]ccFi gures 5A and B are bar charts

show t.-he expressi on, patterns . the Brachyury
nar \Iﬁfeer#]t}r nen%b(y}éﬂ’}?( Bﬁ?ﬂcﬁba%ﬁé ?EF]%?LS%Q Rt er m ni ng
Regidinr XriRas, B oSOherararker diisedefuriing % it edeiddap

respectively, during the first 48 hours of _
i f fEreHititaty off F R eESSs i Adisc aosd pPlEsredien.he

PSR 1A D, S A0 S0 U TS v e

48 howr S afdampatidtfaar &R0 .at iIBamdgapmdiESUs tiny t32® continues

presence of. 1 ng/ activip A apnd 0.1% (v{v) FBS.

Pandio E RS zer 781 trepr hb T <PuEE ey Y thgr (-9, 1.1
Panelsi t)D sl dh st iclduift 16eldzn Haigiethdisiivg to
a primary antibodi es agai nst Brachyury (B), SOX17 (O,

1or bdth SraRlsy RRe T SoXes i), [irFitd@ etrble a
di a nicting 4.he i dat i f r '
R S e A R L T
pr esgmTceradfe )G Uedild Vaet | Viierdby AP ing Varrits Vsg. When
absence_(NF). .PS indi cate Lmtive streak cells
(o sLastarh: et s) Vrepe £ i bdoet Vher PREC RV S SaroRs: o 2
cel vigl @ik Miayicaias mRedppNcelds 40300 Jd gehest to
8A-F are bar charts showi ng the expression of the

15vesodet MIrKEL fe e r {tAnBrRAH C-B) Aroxtis pointLri,
(D) BNRAs{dn, NN @and )l SDFl, in cell cultures
after four days 6f incubation in the continued
preseHRlof 10®tey/tHatadthindughbytAlredp -mip afnderrampudown of
days, of jncubation wherein activin Ais wthdra .
a1 eree e et il Rre Cir ket L € preded ohma e is noted,
det eigWenask b HKItPGR 03 BleFiegiversl 9A:C Bt® Hdérshoot is
charts showi ng the expression of the definitive

2endoReE It icer Ugéhres O APGSEISBP SO & q-@p voles),
FOXAZs dgbsfdd g A Haddp dayslfcd R shoot
in the continued presence of 100 ng/m activin A
(Al Q@ by astweuchoas odagstofthreabearlion. wher eadvantage
activin A is wthdr after t figst day (NF)..
Mar kIé(?J]lelxzperdZsb | (Pnre\/\yge\é\rﬂ:dl giger%rlﬁlen Slgmbyfrr@"béﬁgﬁ I ]ally
. Fi gurseseddlifnd \Bi:eibathathal t spasbeidey 4 heulexipdessh Dy
qpatterns of certain marker genes useful for the
23 derfi9HI AR dr EA D™ et IV S TG HETESTETH
cel | go1 MBS K&t SXRYRSSIRN MRS A8t pIEiNRd by QAR JRMirs,
five-day-old cell " cultures containing fetal bovine
ser Uy FBSYRte a wmtt dite aldsoirest tOisnp2%tori sl 0%eaigd

ei ther 100 / Y (AL QO activin

() L Dzeol eigar el et TRftirteRiind e

t he WiRINAV gx praassirorepatd emskofVdeftietéve Ensoset g

- _markers (A) SOX17 and (B)_ FOXA2 in cell cultures ,
3Qi f FEERATHRT TrF Thid pr St & SF SE66 TMg e GEWR-ReANE

for a1 days. i VkRIGEXRIRES It was determ ned by

Q PCR during the course of differentiation at 0, 6,

24, BYP3¥g and® FHcias et agddinsedi a5d ot itwiaskAng Vec

[03 H o : howy, t LN, Vvi iffe iation

of de t:llrF11| ?ll%\r/:rseengod%r\/sccig% I éﬁ?%a%yaérlrgsﬁé%s%ﬁ%t ed

under the kidney capsul e of inmunoconprom sed nice.

Panel s: A - hetatoxylin-eosin staining show ng

gut-tube-like structures; B - anti body

i mrunor eactivity agai nst hepatocyte specific antigen

(liver); C - antibody inmmnoreactivity against villin

(intestine); and D - antibody inmunoreactivity agai nst

PN ., = -~ 1 " -~ = NSNS



wel | as other structural and connective tissues. To
obtai n useful quantities of any of the abovedescri bed
w@zlob/os2s3 i ssue types, high efficiency differertT/a$i0051024264
is desirable for each of the differentiation steps
that occur prior to reaching-tHé terninally
differentiated cell fate. Since differentiation of
ste ryfad iy eak cel
eecriitem B P AR FF e & dageyd =
t he prioductufoii aferftundteronal faerumitied IwoldiddfeeraantNcateed® is
cells ,of the nmesoderm and definitive endoderm cel |
| i neRgeR 0% ul elfergJTOe WAL TG I e iR PR -UP
di f fenzegte aticn, atTHiH Si StphilerfRPBd G Ithe input
desirable. [0400] In view of the desirability of
f f iV EHRO”YIFY d¥edn iBatWidd dfe plawdpdteioldadss than Veer
preptd .t I [ NREENGD :
songgéaésgpdeéc%/?% ltqﬁgéltgﬂ(%‘lzcr til%ltri on pr ocggéergscpellédsetermmed
descrathienl terei n TElmmedrn )i maidafo met ndotdgadgehat
resu .ts.é'en a,o]gc{ oxi mately 5-90% conversi on of
pl ur ]p‘f)lt St Tells to preprimtive streak cells and/or
mesepogieEr m cettes . adiRiteald sy  reslGlhz RO ds LICPASS while
- _the application of culture and growth factor _
1Gondtt i9Hs Sae Wdts Revait indhpernl 15P% segqdidqg Ve are
f ashh.Qi;s i WETs S Gl e 1P AR | RORUALION TQarcup
preprimtive streak cells and/or nesendoderm cells &an
be ariaviduriby3 16 stiisons dedidyam uiidfdwidtny s 2 Hyhe

preprimtive streak cells and/or sen rmcel.l .
fr o OtHe l%eef ss“}F?P]t}ﬁléjgpocﬁiﬁraeﬂto;Eerf gagﬁteitlﬁancséﬁs?r being
basagsen th fderieanitaltHd MRERNtvITRIKRS @XHRER@on with
~ _ As such, sone enbodi nents described herein relate to

131 eprhan WA ok W) if igr welTheaLRrdtifedst Frorof this

Proquehagh@ndsd selatd g and/ ars Ry h -
Q her embodi ments relate to nessenéjéi&)e@rc?n%gﬁllccg %;%%Ai peially
as netestisa feolry mrtodied g aartd dfs glaatdmgaand/ or
puri f Vi such, cel |l s. 40 I n er, to . determne the
armum/d%?] pr eLhrel’ m ﬁlvneg[s Tk é G(s]I i &% eul ture
or celdcypiont)t &t 0mayd Betdubhlefd ds bagidahidigdditsy 320
cell type fromthe other cells in the culture or in
© 2% he Popitation 1S MRS MEditEn REBIHE I, Cidvaid 0 -

embogi ENLS d8sali e PRY Sidtdifl Al GldrRTTY _@e{?%al 360
whose presence, abséence and/or rel ative expressio
| evellmoraNodspdti f ile figy nmtes ithiat vdiestatedle odl IFASAhd

nmet et ecti and .determning t expr.essi o
of %{nﬁ ksgLr n.a%[ (#B)Z]lﬁ r%:qjseor%éwée Sodiorrflt;ﬁtthse &SNS Béd
her @OWER1&r ENFSIE.e, [AhSienrtcoard/-ap,| T GTARTUP
expression of a marker is determ ned by quantitative
2%CR %J@@%R)-’:G%drs eidifpREcauRe FRSUMITT QUtarddqystry 340
Pr odtiseh D\t Hee T Al i O ST INAN DR QY $3:3 45 U RS SC A,
ECAD, FGF8, b-catenin, brachyury, FG-4, SNAIl, SOX17,
CXCRed@SErmnad perdond ofSO¥me .FORRILs HIKGE BNlohal
MOXI t r . e i b herein i . :
det earcrﬁ%r@& egg]ydsqtgaa%ﬂa %]}\%{%r& ?foll’n%?ﬁ réerby ena%llng it to
enmbah et fHhardgam ahi shocemzetory i2s meged ded sdateet
the proteins expressed by the abagve-nenti oned genes. _
39 n 99Ut rat iimpfo ftSESdRe ik Ty 370 is
I MUt he Mestdw i Wik dd Feteth ¢ald. 6.
conpartmental |ocalization of certain polypeptide
mar KEA®3 6lsuch Tk apfr afidmearc irserityaiovh hefs a
b-c ' : iment.s,. Q d
S, A AP B o e d g Ghat snown
identify and determ ne the anmount or relative
proportions of such markers. [0403] By using nethods,
such as those descri bed above, to determ ne the
expression of one or nore appropriate markers, it is
possible to identify preprimtive streak cells and/or
mesendoderm cells, as well as determ ne the proportion

e . o . o




expression of marker genes characteristic of

preprimtive streak cells as well as the |ack of
we@eisdzsant expressi on of marker genes char acP@r/US1008024264

of hESCs and other cell types is determned. In still

ot her processes, both the tim Ag and anount of

expressi on of marker genes characteristic of

preprimtive str. l),s at I re tine points

subger{qurpela : ?’o‘ th{ﬂéd |téjihé)ﬁﬂsoft?i%%e%&effé:rlé)ﬁtplodfﬁor?ccurs

f actwiteri v det erapoed. 1 [03114d1As wescri bedbIt f hert i e

t he Exanpl es bel ow, narkers of preprimtive streak

cel UGS YRGB HiF Gt HRTPUAI S @R, Behget using a

Pr eRFd Hhidd W & St gk aald T gl by Fd1e HRFASeS he
descri bed "herein express the FG-8 and b-catenin marker
Pends;intraighy qarodirciaty ushied-EY8 chsdidingattdrs rerdsk@mce
gene_products. ln sone e | - A he MRNA .S
subs{%rﬂelds;ﬁt; terlxarglrSelsssear %T%%?r e%gﬁ % %ve Tglt(é'rzgarlgpc@qlsn t can
but bwtadjudtECoy Sisirantricala Warieg Wtalgeo betfwedie Ha@d@ap
MRNA, . t 0o near n/g,(zeak | evel s, can be observed in a

di f ferEitiE nf hESE GARFE W 6 IRGIHS T a0 - For

contagdndig t he oMot 330 RIPIRRN &t ge or an OPAMP
differentiation factor, such as activin A. At this

1G i masegprdissidar sfandrk erssd gl dfidneassf tdehere fggianse
typ a r rd mtive en er
def Sﬁc?]ttlsa\%&en?oglgoﬁﬁ]%%% er%faenr%%eccet 6“%@’?%1%( s}le@éeﬁl'lalblfé)r low
1), vicltsddd lopmrgrarat imeedoryt @bidsn samgadnbediagntchupled
mar ker s i ndi cative of nesendoder primtive endoderm
def {H "t A R 10 T SRR et (oWaaRSE & ot e ference
substaddgd | y expressed by 6 hours after contacting
the hESCswith the differentiation factor. FGF8 nRNA .
1expr@\30n i s Refignminedatf Sgh 3.evdel ¥ 5 dthg epsiration
abo I f .cont act . ESCs. .wi.t e
i T G S A R R ol LY e
t herafdrerup Addid ivarladdge dry vabold d7 dhopwwenfsff voltage

cont accti n(gﬂaﬁt he hESCs with an app;g{)ri fe. ,

di f fEIerRTEtT off ALt ot SudPlhs et AT T hud i@ out

| ocadiZatior, ofsd herdiricried nadoliReRll 4 NA® gate 334
expression of nuclear-localized b-catenin) is observed

2y iAo aaestetanwingd garisses, time peca-eniows) . The
| tide i : t. | iph t nQt. .
o P Bt o i R S S B 1 i

FGF&1T0H owgdwear (Heotal dez ethyb-Iaat emipute e es NAND igate
i nduced over, ar e of different |evels .in .
or e Yi% & LTk BERE cep it gio (ghal is inverted
di f fi8f eitdetd on BONdDiNRsy PAWERIGE ENAEMR O go LOW.
enbodi ments descri bed herein, the expression of the
2 F G k IOV BT BB AU dlSe i vsedlad € an @atieydg AIGH even

mar j 43tV - .Qr: [ :

popul at i ARG [de ot 30 £ B { i frdgoer the
| eastrighquairit0., 00 Aezdwkhi dlesraudeart Heh @.08% Eriessilon sof
these markers i -preprimtive streak cells or_cell
POt IS ST S0 Tre 1S 90 o Hod SIGH
di f ferpdl add oty fappmdSto Fasotdmr®bedoentsid ey
expression of the FGF8 marker and/or the

3hucl BN oG T 95 ERaahiYP mEre 1Y B dpr ithaneky

str ) r Iy, popul &t i o j out
4-f§%§uﬁﬁjkgpgw%ﬁ§{é%gtggb€%% %??%?d@%iéﬁer, g?'least
about 8-fold higher, at |east about 10-fold higher, at
| east about 15-fold higher, at |east about 20-fold

hi gher, at |east about 40-fold higher, at |east about
80-fol d higher, at |east about 100-fold higher, at

| east about 150-fol d higher, at |east about 200-fold
hi gher, at |east about 500-fold higher, at |east about
750-fold higher, at |east about 1000-fold higher, at

| east about 2500-fold higher, at |east about 5000-fold
hi gher, at | east about 7500-fold higher or at |east

A PN NSNS o o a1



[0426] Sone enbodi nents described herein relate to
cell cultures or cell populations conprising from at

wo emsh3@bodut 5% preprimtive streak cells to apCT/Es®b5/024264
about 99% preprimtive streak cells. In sone
enbodi nents the cell cultures 82 cell popul ations
conprise mammalian cells. In preferred enbodi nents,
t he cul t c ' -(l:%m%[' léqﬁ%g
cel |§°_QJ:J'|:80]r exanlwpkr%, qzlcr:héar zﬁeré%g%e%ﬁe?:ﬁ%’oodi néerﬁt%sfpre ate -’
t o ceine -caultt urieswciomyr isiong dovneiescel |HLGHMzaggial ftico MAND
at | east about 5% tq at | east about 99% of the human

cel I95H &3 Pt ive 555888 cel I's. Other enbodi nent s

rel afgp3g cel 1 G itdIrgs [OPIWes NP hwmn cﬁﬁ;ghfb of
wherein at |east about 5% at |east about 10% at

9 eastoRPFIAT NG5 %3 Gatly SHSIH dsnRusEodpheqtinpadstvodiia@e is
25% I bout % b %:. _at. t
abou]teaéfooo a \&Sﬁst aqogut @%%}#)ﬁe% nggiodtsagdi%%%gcted by
| easinwahidr 569%), airdveasinaplodtows @%gratl laeadlodeba@ut This
65%_ at | east. about 70% _at | east about 75% at | east
abotP8AINAT |V AU MY TR SIS Aot AR

| easte hr 95% . atwHBaSeARAYr 28% i JrRASteBbAMHe
99% or greater than 99% of the human cells are

1Gr eprafhiags eraficad @ INpde B dith sitreimigiaghdye Mcheand the
cel | ! - L ris .
Feedsr it e SR AN I O CH R Rheg in che

Wi t hmade vespecirds stiver BUean o edaarteck| Ithe wvdltegeeldt Node

cultures or._cell popuylatigons. [042 Furt her .
b i Fr LD e AR TR TS G, S not
suchsrasrte®@l | cultures or cell popul ations, conprising
human cells, such_as human preprimtive streak cells,

13her %t Glhe e SiGBF S FROVEGES tPitiEr HiEUdrit hé70 has
nucl - 4 - cat eRi rkerel I er
exprcglgag?ﬂo%géwf he brcébh)e/gklrugs, Fg’éfﬁ,f%(?‘f,g%éﬁx}fb?ﬂ bfiagap
FOXA2i, r SO yarett torr sSAXIt ardrdee rst all eatodegasti rap awtg isih and
of the human_cells.._ I n ofher enbodi nts, the
oxpr VT TE Ofroe ihafeot he Rra TR ke E AFQIRR T frer 320 goes
nuclesw -wrsal dizee dr -l it NBIK S dxed@RANBL. t hap ddh@hat
expression of the brachyury, FG-4, SNAIl, SOX 7,

2¢Foxshe SN anidy ohishx|thea P Uth oft qaERaradisdut3 300%
of t npest I i t %_of . ;the hwrap
cel Igsfarlmrilr%rb eaf'lsrt%maI%Fi(r)tugtﬁ LZHC?;)%S%W ?hkég%hlfgréj g{(:DIJItAs%,' !%n at o
| easitn abidit R5%Wfid HOWMEmmmmadelilss  inverdted égstirafeouter 332
30% of , t he hu cel in at Jeast about. 35% of the
ot e R 46 R ', Foaor HE o o tasal
i n atn | fastt o utt iYomfcd ke giamangeld Srdnsiditdreasts orr.
about 50% of the human cells, in at |east about 55% of

2% he ARFHH-NEITRAL i 0e- QW QL BT Y Gl ash & imagdaput . it
cel | W+ 4 9ast 165% of [l s W t
I eas%gfoabl%e?é 70% ofH %ﬁgﬁtauna%ré %eﬂelt ?%%nw??lpﬁ%agf aAghl]JDta
75%axte et hunsprlaldag,idm ot Hwea $1IGib dutpuBEotal NAND

human_ cel i n at | east t 85% of .the_.h n cells,
et A oo Sl R oG Y TR o
abouit H85%pfc Hha uman teldrs, (Y clfudeeaisTamur1938%03@f0 is
the human cells, in at |east about 99% of the human

3Gel IXOWr- | Mhyredt A R 109% FOVITE Ssudh dwarden $50 to
embogl RNt SHWMerS HRES lney tures or cell
popul ati ons conpri se human feeder cells, the above
per cEt4dldes armumigic Hanesd dgiwrhothe esysastt tof t he

h 0. the. cell |
popaT B o B AN G BB (B dhie (g

herein relate to conpositions, such as cell cultures
or cell populations, conprising human hESCs and human
preprimtive streak cells, wherein substanti al
upregul ati on of the expression of FG-8 rnRNA occurs in
cells of the cell culture or cell population by about
1 hour, by about 2 hours, by about 3 hours, by about 4



processes, the expression of certain markers is

determ ned by detecting the presence or absence of the
worook®s62sAl t ernati vely, the expression of certBCTIUS2005/024264

mar kers can be determ ned by neasuring the |evel at

whi ch the marker is present i-nlBhe cells of the cell

culture or cell population at one or nore tinme points

S“b%ci‘teﬁ%e tq tbfb%ea%d'etdél%ris"foxl e didf fenent hati on e yrgy

factor. such processes, the nmeasurenment of marKer

exprssgiadn ican rhepeal idyatiinwe rarerq Baet,i raililieng Qagle C LOW.

met hod of quantitating.the expressiqn of markers that
e W0 deUEd B A K Nielre e QU (HEARS o 18 O,
Q PERo&ihey r@tiads Wiich ate Kowwr ditt dfee A tndeh ¢

al so be used to quantitate nmarker gene expression. For

exarffirces ARANSX radss i 3Gt 3o Putimer FERS rigmadt tdart

be | NG i [ eci fic r .

mar %gaﬁ%géesﬁgs%ro c[&oﬁllrﬁig}rjg?t%. Sc%nctcgélrnt gNr? F?H}?elsl:l g REr EO
t he Wy pr eBsrone ohor@y kiehe geT@s shgmaltar i sihe cowfput of NAND
nmesendodermcells as we]l. as the |ack of si i,fica%

exprf of b S RGT Lh &y CRERRSEH P & PSS

ot hemnzagld fowpes is determined. In still other
rocesses, both the tim ng and anmount of expression of

- 1Grar KBV 4Pdnes KB @SSO0 e SEH SRS iRt 138 Gaare

one : t,d | nt nt t.q t ddi.tj
the TR, AR Rt A tlindid Thaotiy B Prosent
descim bad. f ukdbhee maytbeudxavigl es bsbollatar kppsenfially
mesendoder m cel |l s .are brachyury, FGF nd SNAI|, ... As
SUCH i En O h & [COBAERIEE B T A dddetss
desaid thetrhermim HPness. t idmac Btamntud, b rankaaiAld,
mar ker genes, thereby produci n%the brachyury, FGF4
| 1%nd BRA91 stk el §eife PHREREETY 1Iands gins iehssdidieéntis no

t he ' ]g:rgg R [ S%i%st t

exprlggs e %gln%ggg}g)o er m%héﬁwd%jtﬁ? r@%t EiSNﬁA S(st@ dstertea.
Substtaire isaddauprieg utestiisgrarafe tdfe dersactnour \3,1 6-Eed varld/agre
SNAI L, t.0. near ak | evel s an _be observed. i

di fféelrvgﬁ\‘?%ﬁ%og EE {Gf4S I\ S s A & Vodt B o
contiadrndihd e JHES M1 ) ARPIAFdR R sistance.

differentiation factor, such as activin A At this
2¢ i melngRENY dihofvedrags Pimiladsr 8 ihedibsatinayesfc the

- Oothelo Gal 15 WyReBroRUERaGFe PELM 1 V&, £NA00EE M 1 £
defi n?ltc"{éve ena%def?n ne%od%rm and ect oder m seeeT%%’f%ut °
1), dseustrddorcadfarzdlaloy HIGH, whisdnmvoenisbdiarerstssrt
certgi |.ndi cative of primtive endoderm
defi%@@% nmesoder m and ect oderm are not
substeogilal | y rpgy ety o2 dhaw & afdfrs icdacdigi@am of
the hESCs with the differentiatjion factor. In sone

2 b RATAIRES ,C IgratHyf 6 0 @ oaitdmer ESNARS pygntion.
exprﬁ?@lmg{@gﬂ&lé@ OeRld N Al 8 3R FEEd10URiicate how
subsequent to contacting the hESCs wth the .
di f frdreerftwatE 1636 f aadtarld e sdnmeyegh o i e s dercdc lypurepch
FGF4 .and/ or .SNAIl _nRNA .expressi.on hegi ns .t.o decline
af t e?'tq}fkfo'ut T?ﬁ‘shout?ys %dﬂr%nga%&ft d%éq‘r?c?zrlsl,neff tidr 1S seen
aboulha? HIWIr S5 afdfe AHE A8 PHS prtafdreloior e

t han about 48 hours subsequent to contacting the hESCs
3Gui t E ARG dChtang i00F £ £& FePqeesntys i lwwer mertion of
apprecialfd. o br agdpdiroha FeA- A ¥ SWds . 6a and 6B
expression i's induced over a range of different |evels
i n reesemidamect dd sadmatdived Yorheatred ndisfsf dtléht iGat i on

conditions. As such, in sonme enbodi nents descri bed
herein, the expression of the brachyury, FG-4 and/or
SNAI'l marker in nesendodermcells or cell popul ations
is at | east about 2-fold higher to at |east about

10, 000-fol d hi gher than the expression of these

mar kers i n nonnesendodermcells or cell popul ations,
after about 24 hours of differentiation fromhESCs. In
ot her enbodi nents, the expression of the brachyury,

] o N AIA o

-UP



gonadal ridges of an enbryo. In certain other
enbodi nents, the pluripotent cells are derived from
wo bwegansddal or germtissues of a nulticell ul aPCT/US2005/024264
structure that has devel oped past the enbryonic stage.
[ 0452] Sone enbodi nents descri Béd-herein relate to
cell cultures or cell populations conprising from at
| eas ut 5% d [: el : t. .| abqut 99%
nese%od%?gr m cec? S. n%%%rlergngsn‘égzictﬁ%r@s}ttrﬁé%go& I%%
cul tdelesmet 2eldy plaaHeat ibaxse sc @02, i Sa oyarmma e ael | s.

In preferred enhodi pents, the cell cultures or cell
popUi ORIt SEdaT I8 10, ol BRMPIRT G then

specididntampdi BRI s oLlRiR 10 168 e felfd WPt he operational
conprising human cells, whereinfromat |east about 5%

% o a@mpldgsiternnnt 99%,ff ailrevithmnh &9 $48 @enerally

mes C S. %q eE;"gt}q [ S I. f. 0 I

cul %?%gres{:omr?pﬂﬁsﬁ r%ig u%{aqn cel qs?,rﬂeﬁfercggjﬁ%&tetr&eggos’ and
abouiox5%7 tatgdreastl lab otetf k34t catt Hee astrramutsclb¥e glortion
| east_ about 20% at | east .about. 25% at | east _about )
30060 A T D A0 3505° i KETEE060 H6% HE [Eaupings
aborAS%raty |ieastisahautydQHKa alrd ertt lﬁbrﬁlttin'é%% FRjr

| east about 60% at |east about 65% at |east about
1070%%RMR Icastt b ARATBYE G JuEdsty AsePrdBon tat Hheast

about 0 - t 0 f 0 t
s A P He Mot bend s AR P Bl
99%eixdshes4turard ¢eld s dire aresérdoderampde ,| pdrational
enbodi nents where the cell cul tures or cell popul ati ons
compt™t ﬁ“%yeeld&a%% Ibso,tLﬂ} EXE50vE %p Dges are
cal cuiedsad W tHlogeasita@nalo dnfia iffuran goaeden cald s

in the cell cultures or cell populations. [0453]
1% ur tdedringmiedl rshtbed & e wslesi PNPe Baltle tirgnsistors Q1

Comﬁq;‘d. tdﬂn%es%.%rass lfie,l IR2C,U|a Lq%,oran ld' ffﬁarential

popul ations, conprising hunman cel I's,” such as human
mes emgodiefimrced 16, Wer eipetata cex prfe sgieoma tdfortdle amplifiers
brachyury,. FGF4 and/ qr, SNAI | kers is greater than . .
Che ST GIP T The ECPET SO 7S CCRORA O RAS HG0Ry 1n
and/qyt S hdved Kerhd relled8as lopaiiel S %ot ildies iahe
cells. In other enbodi ments, the expression of either

24 he IRERAIRL PO Hrhido v idNabe aaiek arHag gytedinerthe
Lhark 4 fic, PXRY GSSIAIL dlort he HITbyer SOLLT 1« CXCR S o
SOX7 anSDI o?@é%‘% marker in at 1 east éa olt )ﬂl %ng theottnd
humgthageINsle i athidasits dvoutedl $btofe enh e Heuramn toeld ©fF
in at_least abaut 20% of the h n.ells, .in at |
o IRAOY B T 0T T8t S SSue abae SH0g
t he Nopmtxel IRiriHemiodegadNob Ut WIE%HOfi & e between
cells, in at |east about 40% of the human cells, in at

23 easthaasiieu Wb FMAh& Tt $11 pngt §léastisatsoupled
50% dgtrga i ; out 55% of the
humat;g ctte}f%e& mrbaftceéIMg;sste{aébr%tltét%%(?/c)%ﬁt he human cells,
in af004dst alfmr @8% ofhitdie Maymdorveldag;t iof athd edstrtup
about. 70%.0of the human cells, i.n_at |l.east .abaut. 75% of
the URHT G IECTHEHES |t oot oo Pia Uisman
cel lsirdui ity [teasd abape rBif0eoft d Re lwrar«asl Ibugle at: to
| east about 90% of the human cells, in at |east about

3050\ t HBORUPARR tRFlades nPMPS | earis ot DAV its
hu ' apout % huragn. g&lp s :

o RS e B0k 2P Fonan e o T NoAEIBS which
enmbodi rfemmedvigtevadre tde |drailnt wfePMOS ¢elansistor 612 and
popul ati ons conpri se human feeder cells, the above
percentages are cal cul ated without respect to the

human feeder cells in the cell cultures or cell

popul ati ons. [0454] Additional enbodi nents descri bed

herein relate to conpositions, such as cell cultures

or cell popul ations, conprising human hESCs and human
nmesendoderm cel |'s, wherein substantial upregul ation of

the expression of brachyury, FGF4 and/or SNAIl nRNA

o o a1




noni tored. In other processes, expression of the both
the SOX17 marker gene and the OCT4 marker gene, which
WO g0o6hanaxt eri stic of hESCs, is nonitored. PCT/US2005/024264
Addi tional ly, because definitiveendodermcells express
the SOXI 7 marker gene at a Il-evel -hi gher than that of
t he AFP SPARC or Throrrbormdul in (TM marker genes,
t he sq [ d.
[ 0466 Anot Ig:bfr)m er of %ﬁf&\}? enﬁé&%nlér%[ﬁ% coupled
CXCRA gaie. 'Nh@p(ﬁ)@RZbegerpém:bd:es SAIEIH NODH dicde

che rec tor and is the che ttractant
%‘ﬁbﬁe pri 8Tpal ’ro%els l'gfma% CRERE* ST startup

r eCQpitlQi’ulb;e@}f iRy it e adildntaie baldaverkd o be
the mgration of hematopoetic cells to the bone

Tar row CHIMhddiate 15 SHITAGINE 4R %qieecmwyernmaftqd@q
of v NpocTelg l4ne

[ Ki ncﬁff , andjcgérﬂoex?rég@er Qﬁh% tEIkocyte dl @\%%% )
6- 13Bqx 990) |inclheleEXERDS e:oaata)rsta:hszﬁfmrhratwmrgs igs alrain

corecetor f.or HTV-_ 1 into T-cells [Fen

Vo G o s b o AR armhed O Vee,

ext eim Ve sefd s fusitadies Nald ild Witilcby f Mo2ndld) between

K. E et al. Dev. Biology 213, 442-456 (1999)], the
Lexpridis i HiR gt MR toianfe Sete s akCRbarFFis of NMOS

uni queddgand, &F-1 [Kikm C, and Broxnyer, H, J.

Leukocyte Biol. 65, 6-15 (1999)] wer e del i neat ed

duri fP4dr |y c@dﬁéﬂ%ﬁmE d#d ieed ihowr fien IHLQ. hé rrsusected

The CX act i i.nh_devel o nt b
appat eﬁ% vﬁ Qﬂ% dé s(ﬁ'lveg Ciﬁini r&é?e of
was whatdtipitesk g7 ransgeid @ .m ae [ﬂagﬁ&aa\w teiatalsszCH
Nature, 382, 635-638 (1996)], M (% . et al Immunity,
1510, NRPE 421 qarods) [oqnn {5 SHF TGk QR oric enable
| et halddyi e ME @RS Rt Slogrardenmpst ratmd that s is
t he nost abundant chernoki ne receptor messenger RNA
det el@®&P ldur i rihemduwramastly (BMAS rtgfaem;r%t@y (6525 §)s coupled

usi conbi.nation_of RNase pr c o) in_ si
ybr 5L TR EE BBt Beco TR et Qanks st et mios
enmbrapeanSERY S0 .1 stgnatd v @rm@“§ ttr%rﬂﬁsif&ﬂrl’”@’w is
i nvol ved in mducmgﬁmgratlon of primtive-streak

2Qer MBRIeE 9 dodi i S fre ey B ideaihMGRe
endocqeerr{glgeoao%ew a%@@&ﬁ%@%@@i@%ﬁ%ﬁ%@@ is
at this tinme. In 2-7.8 nouse enbryos, CXCR4 and

al ptepvmsltaspriey eﬁhﬁ aae:ammmx;memmm itrinests teg £80 .

I ac f e SSj Vi scer.al er.m [ M:G.a

SSRE U 5 SRR e che
S| nczeandefe ro ft IRI\E)$FKiGdf§1mtIteJ les praydliaect Bypurce of NMOS
differ ent| at| ng Fl ur| tent cells express the CXCR4

2%var Ker %ssi %f IORSRE T 6% 1eF tidre@ate
or ded’od;?iéc{ a&k A& RO duedt aragfTideld ijddive @nd&ﬁfery’ﬁe 3).
cells. Additionally, definitive endodérm cell
pr odlfl’tﬁecgéb‘:ye tared mbxamus:fder@@s Fathrivarsdiar &85 m cmgrected

erm i ncl udi ng, but not
fichai [%go sr\}l%&?q‘d TA4, HNF3b, GSC, FGF17,
VW, [C(OGHJIJR F@i(ﬂh KeMGRInan d CRliRlcuiSinyc & odefd MirTioie 6 and
endodermcel | s ress the CXCR4 narker gene at a

39 evdinhitgHemg 9141"5? e SOEPSRedtg&Te O he
expresshon Bf v hiGCRbwE I@ECodede MaHLQY iﬂ)welrrlup,

ot her processes, expression of the both the CXCR

mar Keranfet oifd €1He GCR4 rfardert lfen@ng & Tfpriteoddised to
Addi tional ly, because definitive endodermcells

express the CXCR4 narker gene at a | evel higher than
that of the AFP, SPARC or Thronbonodulin (TM marker
genes, the expression of these genes can al so be
monitored. [0468] It will be appreciated that

expression of CXCR4 in endodermal cells does not

precl ude the expression of SOX17. As such, definitive
endodern1ce||s produced by the processesdescrlbed

1 a4 .= 71 NN\ 7 NN A 1. .



nol ecul e that is not known to pronote the
differentiation of human preprimtive streak and/or
worsmenstaster m cel |'s. [0480] I n sone enbodi nent sPOf/U$1085/024264
screeni ng net hods descri bed herein, the candidate
differentiation factor conprfsé§ a small nol ecule m
preferred enbodi nents, a small nolecule is a nolecule
havibey tanmdEORRr tmsvaftaakout 10:00¢ aghar dL$dwer off
In so enbodi nents the small nolecule is a retinoid,
such’ G 3% i ' STau) /[ Gdsh [t hen séErd uenisodineentt ss nil.
descrodsad her @lﬂw,tl{éw%tcaay%dld%atp%“@gju?y giﬁts'Tats’T%'?{ ctg%r'e s
conpri ses a pol ypeptide. The pol ypepti de can bé "any
pol YHPti dausigiaudinegsisomaeis4l itwi ttednt ON.a When
'y rQf.el i poprotein, an.extracellylar matrix
5gr oftg:%r?%tlggtc%yrt (;%kélzlng,sog%tdhgr%l?i FEOTE -SFCdE Shor none,
an itnteerdieutldns @78 agi0E ,f @elkeebyPel@1ied Node E t
pol ypepti.des include growh factors. In sone preferreg
enb%xﬁar?é‘ﬁlsﬁo’% & candid&t £YPLisgeresaliten ihasher s
CONMRIpIa% 28ROk r h sel e d fromthe
grougkgonsistingfg% éégﬁgp%ﬁ %?bgéég gkd% tgg&%lnatlon
[ 0487 tEPRnsamE oxsh 6@icments Q81 theNedee&ni nyheet hedasistor
desghi,b ei ndi_date .differentiation
'lofac?gﬁsq%ogﬁﬁiggeokgﬁg%%ﬁoﬁg Pgﬁt% %58?0?% gelBdtage
fromevied@ ghatp isossifsticignellyArphi eegubhnto ensure that
B-I¥nphoc%%e stinmulator, |L-16, Thynopoietin,
TRAFEPRSGE2OTPPE 2B 18PN  cBF0RY eRRERcPAGELAdLHr ON.
Endaubsbyal - dihber enbhatenr! ehat ed pRCYoh Ln(EDELLe
Endot hel i al nonocyte activating pol ypeptide F ,
MVacPaphagé lii §Nat i enricehtbifromy Viadtlaws MhiEoudiattaals i st or
ki | I nhangi factor_(NKEFA) , .Bong, . :
- lsnophggeggt%ggpgg gFEQZP%Béﬁ%n%%SE8§eRétiC%BFBtEPﬁrgnt
(ospeoygedescmpret starl)ip Bapeeflbr pHogeahsi BEBLEHN Bhan it
Bone nerh%%eni%EFrotein 7, Connective tissue growh
faclSPIECTEBEFIVeGID 48 BPBEBFR PheBFdERUBCEiAEUitTY 670
di f teeeptiiall @Aef aaL8RE i oRY O oppa
inflanmatoré protein@%%éfgﬁa)¥hg§igﬁf%%?%%aEge?ﬁrrent
difFéPéﬁFiﬁ%?oﬁoléﬁgﬁeétpNedeih (GBDRs¢, resulting in the

Hep 90: 18 [V to onmedin U-25 |
| 20pr e%ggg??g%sgglgﬁﬁﬁgéﬁ% ?%?rgggé\ﬁh ?%%?o?ri‘%@t}?r 613
Vastukae eRdothel raltggevwab fegéon Bs (MEGEe®) to Tgp&hhd (at
specific g&ANTESgr efugsor, thymc dendritic
cel rS38Fi VBUPPRRTOIY L, WRLARFERYPRS TRARPIBERI 642 (R.g.,
1), al stertepkiPars{itoR) . tbn I Ne 3 -
Intorlooki ned (L 4, |)nttédr’|éelﬁf<1:1ﬁd?&g' (?lﬁe%ﬂ,’y doupling Vise
| nt &P ¥edki n16 @BLusferpfped sbkintlie( Bur¥ent being

I nt L A- 8 in-9 (EL 9 .
7| n LR B0 1 Ty M T e o9 aggent ety
~ hat enhedkapelP {ftedQowdntes | pukimtdaddd, Ioviding
Gra{wI o§§%§éc I otg%?]sti nmul ati ng factor (G CSF),

G anul'o ¢ opREGE ol ony stinmul ating fact or

(GM@3]1 Macaxophagei €0bonye$ti tv 9 £AELOL ¢
(M CSF), Erythropoietin, Thronﬁgggﬁef?g, V?tan%na%%,at
Epi ¥e{eR1 A Ao Ixe il Y=L Brairesiestiomed R1 and R2,

30 hewrod s ophi e f act - kem ay j.nhi bi tory factar
Thyr oi% hor rr%n%, %iz;nsjl'ég%il@g?oqua%tﬁ%rsotwat%tl‘fpa’cttg}é voltage
( bREF)NoFGF, 1 FGE-gheFGha, ey atd eyl erg M 5 .actmfis
(K&),. Platel et -derived grow h factor (PDGF), o
Pl g% te?gede(% ]sgeedr Yrohit St -BS PR tiaiad g ier
f act®ropeatitie/iim At STrassf A Ng HpwWh f aglor et
(TG--bl), Interferon-a, Interferoﬁ?b, Interf(;rlron-agié]S on
Tunmor necrosis factor- a, Tunor necrosis factor- b,
Burst pronoting activity (BPA), Erythroid pronoting
activity (EPA), PGE2, insulin gromh factor-1 (1G~1),

I GF-11, Neutrophin growth factor (NG-), Neutrophin-3,
Neutrophin 4/5, G liary neurotrophic factor,
dial -derived nexin, Dexanethasone, b-nercaptoethanol,
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50-fold, at | east about 60-fold, at |east about

70-fold, at | east about 80-fold, at |east about
w@bobdss at | east about 100-fol d or nore thanP@L/US®es024264

about 100-fold. In sone enbodi ments, the anpunt of

increase is less than 2-fol d.- 1Y enbodi nents where

mar ker expression is decreased at the second tine

poi onpy ' the fJjrst ti int, the

anourﬁﬁjt&gsf %decregégee\%%ﬁa%eaaéstﬁ%&lﬁ%- (ﬁrafj,toa% Qa2 9e

abouthds: fapphosathdeadte dzoudgalD-fadltehgeat (d .east ddoaitt 1.2

20-fold, at |east about 30-fold, at_|east about

40- fvcﬂ]ot,s)atoﬁ aiCHdNt S f o|°d1,‘3‘-’aﬁ\‘qd:eza?stA aphiB are equal

60- fo} dhupdt draist] 18P Aguai0- frlis RfudetasthaakRMttages at
80-fold, at | east about 90-fold, at |east about

5 00-Naslas & anst @ thmaPaatedusds toralsols tRog-ifadl Iy, 9awadone

enbadj : - t .of e | e han
2-fgiq'ld. i 549%#}]% H;ome nesﬁbsotg:%rcrge%?lssl ’ofG%TéHesagq(:&r eenl noé\T
met hposS4descr iwresh heragigi staft 647 ricvitdinmgad [ ,celHe voltage
popul ation w t h.O% candi date differentjatjon factor,
[

t he Hurfgh F5T iH GRS Sifd/ Pdfefanddfsases (50

di f freranty atg, | B4Qs ORE OFal®I S 68 673 YP8ShOfs18ht1y turned
definitive endoderm |1 neage. In sone enbodi nents,

1Gaf t €N pr M dMongr i pes cetlhe peptirart ofe Wy el vamdi elatlee
di ffer. [.at | it g ti t
ana/ SR o g e ey TR AR | R B cher

ar e akevisteichd ridm tdpemputi dnadde . anPuldtt icet i1 igesleuder,idgutits

are not limted to, cells of. t angreas, |iver,
R T e
gal lleddes gy avd st adgehapdvild A HHECWARRNIS ze the
of such cells. Additionally, these cells can further

13eveldFadn ehiNgHas dr cord & hmegansss ircirdds tlionajestartup
and/ : a3 .
scr ecg%rl %rg:an&% or[ég 41gjgzrlsgcér]{] brégd&ﬁé;dr ﬁ%%z%t%p ?{)lv]%%ﬁr%: d: Yy 600.

t he DEI35]populitdrorthe ttr igp -qaniditdaitse tdi fdosmed,i A

fact or, e huma epr,imtive str.eak and/or
oS 1T U 1 AR THIS R s 684 (OFF -
types: afntdhedmpodariadd gages 478 SO e NOGHRIH Ssre no

after providing the cell population wth a candi date
2Qi f fleongRy 91019 FAOT, CHIRL I AthNn JRSEHT Mt inse saiahing the

and/ I i ffer ' [ 1s
i T de R 3 & ofe) £4 LAl Lo 585 F S Pourrent.
cel I1As of tdmildar ditey agriiage satsthee Skealetdtivdarsses
and ot.her st rﬁjct ur al 1 nd connect.i ve tt [ ssu.e% as [l as
pr eclisSHEe S Hacst Bt the hforeheid it 819 1]/ fes.
Addiddrgfed deny tdrese aldes aran, faurdhelt 4y alaRdMifows
hi gher order structures such as tissues and/or_organs.
2%vet HOHEPWHh IS URY the? Boridssicon et 1f BF 8 Gene
Pr OC{H% 0 kﬁa@ﬁﬂi Qf , t :
descri rééd&ﬁ%eicﬁ"pgﬁ ate t or%gn%tlﬁ{)gd %%%%é:gg}sﬁlén%thlgn and
expraessidmafpatesnthEEES igerer fimmedust Witla Yheamaperation of
errbr%oni c stemcel | i.q: vitro. Such nethods conprise
t he Ifeepb‘-"c}"f Bt acflrﬁ%Lbl si'd hESC i n a nedi um conpri si ng
| ess[adB8] aboutt 2991(Iv/Be EeIdBtdl xane fd¥egoing
medi um can conpri se serum at a concentrati on of_ abaqut
3Q% (dW3AT 1 FBHCD. VERTARHCR fwhiter tigy \fng collector
abous Q26 MY )o £ AR L0 A% aahQUL S 4%V )is not
about 0.5% (v/v), about 0.6% (v/v), about 0.1% (v/v),
aboutntE¥ed Wav)be abiguitt i1B%uwy Weredhoutl lsamabifme) of one

about_ 0. 5%.(v/.v ahout 0, 6%, (v/ Vv about 0. 7% (Vv/ v
abou"fa%.%%}% VER/%?SlaSECoOu S Cfaé'b/o%v/cv%r%Sta ucg%eo(l)'% (40\}'7(ev ¥ ore,
about 1.1% (v/v), about 1.2% (v/v), about 1.3% (v/v),
about 1.4% (v/v), about 1.5% (v/v), about 1.6% (v/v),
about 1.7% (v/v), about 1.8% (v/v) or about 1.9%

(v/v). In some enbodi nents, the medi um does not
conprise serumreplacenment. The hESCs are contacted
with a differentiation factor in an anount sufficient

a o o o " [P ——. o o,



cul tures having increased expression of FGF4 nRNA. In
such cell cultures, FGF4 nRNAexpression is

waamshzsi al | y upregul at ed by about 24 hours fronusives/24264

1

1

reference tinme point. In sone enbodi nents, FG-4 nRNA
expression is substantially updégul ated prior to about

24 hours fromthe reference tinme point. In sone

enmbqg] t & | an «Wof . _FGF4 i ub ti _al,| "
dommocﬁ{egu aI?nesd pi%;)rua out 4'8;]1151()1%:’3 Pirgﬁtttﬁsﬁeﬁr e%&%ngglﬂécmr
ti mayEoitd bd nrmemaiat eehhiod itheritrs bripeale sex preegsd.on  of
FG-4 isr hed at a tine bet n.ahout 12 hours

and HRGUL 43 s & AOIR'Ehe: ROHRah CORS nB SR atAs the
pr efiarveatt iybodigirittem dore it hddNA iludllity of
substantial ly expressed by about 72 hours fromthe

¥ ef éteddeatimn poinauiuny &Her(epeef.eMRAMentsodi ment s,

FG- J@[&%' SRSt ' a 24

houfps ronsliot%:ne ref g‘?@r@ér& %ngt%ilgr%?teﬁgb]i&é Eg#)tut
subsieanitdead 18y74ex pruegsed dey iadeeuts8 742 laour ptriematlhetorage
reference tine point. [050 Pref erred enbodi nents .of

{ he SBHCEIL o AT D AP HRTaT Fatae 0y Gedording to
cul tiHeesi dRaHtib REyeasehsRDr €Y @katip RS, aGhy Wnkrard
FGF4 nRNA. In such cell cultures, brachyury and FGF4
hRNAteFrzadsiagh qisrtistyailal IBFaaesegr &78d B AsoRry

24 I t r ef ' ' sl
bR IR W S ST RRRE eSS (not
substtanvri)alnay Uger egudkdisstd byr ivarl tagyea ldeite <24 dmo uris duiamy
the reference ti olnt. I.n sone enbodi nents
exprSETTSHTE 5t ddity dry Shd Fers MRRASTE S5 DR al | y
dQV\AHiQQj_dia:tx%ﬂ @bnﬁbﬁ}éra"c&d@ow& d .r,Ofpetﬂ”f%xfrrBfr%ra@m%d write
time point. In certain enbodi nents, peak expression of

Hr adiinaticaed AdF4heranrs v egdifedeati sa glew Fet ween
abo QW 48 r ef. e
S e AR oo oL Yoo Siprease are
and tREHE ifRived hatoteesulpstcansssald \8 78X pimels sethdyy about

72 hours fromt ref erenc i me poi.nt. I n of her

or e Wod Herd: Biachyur y St PGy midend 7
subsdaridal |34 giriegurad ed-dine Rhodd 2 theldrs rfen@Byt he
reference tinme point and is not substantially

2Qxprevder ot are Rdursl Fatdmn e Hefdrah & ipsng0l via

2

3¢

POt Bus [0P01] Rffllt ANAl.RITOM R § R dE G8 example, a

cul tures descri relate to cell cul tures
havikeyharcrdase dnargy e ssitauadf- BNAIdL spREA&. saresuch or any
cel | ul tures, SNAII NA expr.essi i s substanti al l

upr SUGTSR APRRPERIGUE SIS ALY S 6t dRSTes S IS
POi nitn f dinataieh eredigtRitietn sONAI | OWRNA e/ ASRIOB 7i6S can

substantially upregul ated prior to about 24 hours from

% he Mstletdhc QY RXFTRIR.. A Vishife dfpddivmemis, a printer,
EXPIESSi RN fiheaNA x'BEH%ait% WA P 5

hour s frrg{%the refﬂé)re ce tine ‘&ilcﬁe?féa n%géeméaf?% lﬁng
enbaditiperit slatpedio expreessi olNagfe SHaltl imRNA ideviessh@d 4 and

at a_ti bet ween t 12 urs and about 48 hours

Fr o {7 SRR, B s b e S P ORa o B e

t he iagddt /addpirtesadasey .| bet Jieiel rcalise s @7at @ano ieRllude,
cul tures having a specific tenporal expression of the

- cdfe I RREAD e ¥ MBFUGLSK L FdPee FddiSfent s,
exprepgdn of e GAdRRnidy WRNARRGNSA @iB®uitry that
downr egul ated by about 12 hours fromthe referénce

t i mopRsiaites witdt Rersudfeditiedtly, constessi girigh-point is
E-c i can,b ownr equl at . .abqut | ess

that 19 1s Rrm e o aronts tive VA n L hpsiote that
preferred enbodi nents, expression of E-cadherin nmRNA

is substantially downregul ated by about 48 hours from
the reference tinme point.[0503] Further enbodi nents
descri bed herein relate to cell cultures that express
the SOXI 7 and/or FOXA2 marker. In sone enbodi nents,
expression of SOXI 7 nRNA is substantially upregul ated
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ng/ M, about 250 ng/m, about 275 ng/m, about 300

ng/ m, about 325 ng/m, about 350 ng/m , about 375
woguoaio3e2spbout 400 ng/ m, about 425 ng/m, abouPCHEBS2005/024264

ng/ M, about 475 ng/m, about 500 ng/m, about 525

ng/ M, about 550 ng/nml, about 3?5-ng/ni, about 600

ng/ m, about 625 ng/m, about 650 ng/m , about 675

ng/ . t
"9/ e il ngﬂ?mnz%%b‘t b%é%x%%itméeda%%“to%% than
ng/ he aledri3E@ reglddireingst, &haqmg/ame pate@ent@d0 for the
ng/nt about 9 about 0 ng ahout 975
ng/ H B oF ﬁ&i%sry%&&tl 3 Fodih Hrgfmy, and the
abOlﬂredsdfg:/ Ninveal¥ddin iéTg/lﬂh,te@b@lﬂlﬁ YWhkMe AkQWs Which
ng/ M, about 8 ng/m, about 9 ng/m, about 10 ng/m ,
E%boJF’ﬂ{“hg/nt about 12 mgy/m, about 13 ng/m, about
14 mg/ m about 15 ng/ M, about 16 ngy/m, about 17
ng/ m about 18 ng/ M, about 19 ng/m, about 20 ng/m,
about 25 ng/m, about 50 ng/m, about 75 ng/m, about
100 ng/ M, about 125 ng/nm, about 150 ng/m, about 175
ng/ M, about 200 ng/m, about 250 ng/m, about 300
ng/ M, about 350 ng/m, about 400 ng/m , about 450
ng/ M, about 500 ng/m, about 550 ng/m , about 600
mg/ M, about 650 ng/m, about 700 ngy/m , about 750
ng/ M, about 800 ng/m , about 850 ng/m, about 900
ng/ M, about 950 ng/m , about 1000 ng/nt or greater
t han about 1000 ng/ m . [0513] Met hods of
differentiating hESCs so as to produce cells having
certain tenporal marker gene expression patterns are
al so contenpl ated herein. For exanple, sone
enbodi nents relate to a nethod of differentiating
human enbryonic stemcells (hESCs), by contacting the
hESCs with a nedi um conprising | ess that about 2%
serum providing the hESCs with a differentiation
factor of the TGFb superfamly, and then permtting
differentiation of the hESCs to occur. [0514] In sone
enbodi nents of the above-described net hods of
differentiating hESCs, the expression of a first set
of marker genes is upregulated prior to the
upregul ati on of a second and/or a third set of marker
genes. In sone enbodi nents, each set of narker genes
can i nclude one or nore marker genes. Upregul ati on of
gene expression can range fromslight to substantial.
For exanpl e, expression of a marker gene can be
upregul ated by at | east about 10% as conpared to the
expression of the same marker gene in undifferentiated
hESCs. In other enbodi nents, expression of a marker
gene can be upregul ated by at |east about 20% at
| east about 30% at |east about 40% at |east about
50% at |east about 60% at |east about 70% at
| east about 80% at |east about 90% or greater than at
| east about 90% as conpared to the expression of the
same marker gene in undifferentiated hESCs. In stil
ot her enbodi ments, the marker gene expression can be
upregul ated by at |least 2-fold, at |east about 3-fold,
at | east about 4-fold, at |east about 5-fold, at |east
about 6-fold, at |east about 7-fold, at |east about
8-fold, at |east about 9-fold, at |east about 10-fold,
at | east about 15-fold, at |east about 20-fold, at
| east about 30-fold, at |east about 40-fold, at |east
about 50-fold, at |east about 60-fold, at |east about
70-fold, at |east about 80-fold, at |east about
90-fold, at |east about 100-fold or greater than at
| east about 100-fold as conpared to the expression of
the sane marker gene in undifferentiated hESCs. [0515]
I'n other embodi ments of nethods of differentiating
hESCs descrlbed hereln the expression of a flrst set
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fertilization cycle follow ng infornmed consent by the

patient. Upon thaw ng the hatched bl astocyst was
w@b@bmesh2em nouse enbryonic fibroblasts (MEF), PCIT/ER005/024264

medi um (DVEM 20% FBS, non essential am no acids,

bet a- mer capt oet hanol, | TS suppk€nent). The enbryo

adhered to the culture dish and after approxi mately

two weeks, regions of undifferentiated hESCs were

tra rs o ishes with MEFs. Transfer was
accrﬂﬁe‘tr & 1%1@9%%' cal cutting and a brief
di gestion with di spagze., i@ldnad by rRehan.c [gioﬁ@gll\é&l'ng:

of the cell clusters, washing and replatin
derivation, hESCyt V28 thas U@é@rwqealdl;rqnamgwuwed to a

100 tines. empl oyed the hESCyt-25 hu

st e RHe R G SeRRAtTy et g e Tererence
proditeid en reffedefridd tiole sejedadeiging G223 al thoNedd- JFe
appreci ated by those of skill in the _art that stem

Tel %ISR HEVSH HA Fotfdaec Ml agsn 1aved be used as
starting material fioihe didfieientiihon ROGRUASR said
descri bed herein. For exanpl e, I's Obtal ned from
enbmaﬁﬂnﬁrgmwaddltaged@esi amlciputarvd:]ealgﬁold@lred/e@y from
met hods knouv\p 1:11‘& S be used as .pluri QLent ‘
cel | uaiar STHrTT N ng it |aﬁ ﬁﬁ_lé: 2 tryogberative to

Charsdteryt izatliyo e Hahd [t hEh e tatear fe b IBOWERG Ut @NAGe/E

| i ne,, hESCyt - 25 has nmi ntained a normal norphol ogy,

- 1&ar y%lt%?ﬁel [PTafd isk Iefedrdes Vﬁrlé‘ﬁ’&/e( ipgsl spad igput

nont‘;bslﬂdgaé:ul ture. This cell line displays st rong

i mmunoreactivity for the OCT4, SSEA-4 and TRA-1 -60

antigens, all of mt@trtlme:mmmosmledofto said

Undl ffferreerH:Cieat eldrChEl%Crs and I‘%l anC'S al kq.: Idn%o ecelv a

phosp% ase ac IVIL% ds 9 ql rmrp ogy ntica

to e s sdm_ﬁﬁlE&@dm md Ewgﬂafrdmrcﬁj.lttﬁ‘ye said
human stem ceII line, hESCyt-25, also readily forns

- Tenbrifoild (SE&,‘) lmﬁ@rjreﬁﬂlt"l?rléfd Ciahl%l&’gpe?‘f‘édoﬁta%uP

a d%‘f&‘bﬂf@ﬂ @ PrdtifiPl i Refe o ALY Ge AESREE 25

di fferenti at es into various cell types that represent

t he airaw gy rtdlagtalergeéﬁﬁs aaaerds re@@t@dmnqmr@duarlyomo

was cdo% nst aaitcf et]ig’/er%'rts%Q %re %I sald éource volt 298 and

i Tmino®y em st nestin

neur onal rrar kers. Iwmmeytsmhiemecf@reﬁicm m:ng:dmrryb HI

tubulin was observed in cI ust ersl of _el ongat, ed cells,

- 2GhaRFAeAss iR iSdvitsuFaid e terence
treaiRet EBsr 55U RRASIQN Mltt%deetdﬁiﬁ‘déc?@sd satl‘?.i flxed

i nduce differentiation of pluripotent stemcells to

vi scerldlagsmdsiealm (VE), an extra-enbryonic |i neage

Treated cells expr essed high |l evels of a-fetoprotein

(AFP) and SOX cﬁu(?:fr V%tefq)fleﬁ‘l I?loqrsvﬁlfereln said
treat nent. d erent| ated i n nonol ayer ‘expressed

AFP Jiefesrpmcaajl@matldhes casnpoemErss trcdttedyebylivider circuitry

I munoc em cal, staining. ‘As wll descrj hed .

bl SRR SR B THIYE e Aks S0 & St d core

for ra1r}g:Ldle:‘x+ynléﬂdf&:;%&%&qeféntoaﬁax\wﬂdéat@ddoﬁﬂpeﬁl vfolmege
quantitative polynmerase chain reaction (Q PCR) and

i mmunocyt ocheni stry for SOXI. 7, in the absence of AFP
expressi on. To dendhét e WittYe & ftingd g tlo further
nesQdsidni differentiating EBs were anal yzed for

Brachyury gene expression at several tinme points.
Brachyury expressi dirimen@Uéa@edquiGglye@smpéJeﬁ dvesatiide logic
cour t erl t Vi of _the.foregoi

the Gty e e T Bhsrartah B4 T B Aoty ehder-ve
ability to formcells representing the three germ

| ayers. EXAMPLE 3 Definitive Endoderm Cells [0525]
Copendi ng and co-owned U. S. Patent Application No.
11/021, 618, entitled DEFI NI TI VE ENDODERM fil ed

Decenber 23, 2004, describes cell cultures and

enri ched ceII populatlons conpr|3|ng hunan def|n|t|ve




stages of activin-exposed hESC cultures in vitro just
as in the EMI that occurs in vivo during gastrulation.
wQ 0@dA3625luman enbryoni c stem cell cul tures werBCT/US2005/024264
differentiated for two days in 4;he presence of 100
ng/m activin Ain RWI mediumcontaining 0.1% (v/v)
FBS. Expression of certain nmarker genes was determ ned
Bsi NENABFECRs Bl br £ romugrotyg dEhEtn St ya i eyl tesr idifn el
show t he %}PﬁR—determ’ ned expression of brachyury,
E- cadfet?h @hd“¥MAI1 nRNA, respectivel y.
| mmunocyt ochem stry was used to determ ne the
expressi on of prachynk yeiEeadkhey i defitedicin vet£on 3,
(unphosphoryl at ed%_ B-catenin. [0542] As described
pr eV ReEe i " srid v Hexpdls et b i i el at e aActrates
in cyligrec didhsrentdal e, g, RESM L VL /) 8K state of said
(mesendoderm) cells after” about 24 hours of activin
expoBAYE $TARIPP es Mot oyl d)profiemmparisdpefiod of
é:i gur & 4A with 4C shows that both brachyury and SNAII
ARNA"Tevel s peaked at about 24 hours. A simlar peak
i n expression was seen for FGF4 nmRNA (Figure 3C). In
relation to brachyurlye exjuresstion difimed tin sctaie 1,
periad, the expression of E-cadherin mRNA was . ,
Hocr BAET S arif COnTT PLRY 10 Hery G RoP P are 59 s
by 481d@uisef 814t hgphtiddBtd PN Ofcdddd Vddid\ fixed voltage
treatnment (Figure 4B). By 12 hours post activin
expoks@Yel - when ECadherin nRNA | evel s had dropped by
about 33% fromtheir original levels in the
differentiating celineubiides e HNGSL: Masq 45! Sl {AneOuS
di sappearance of the characteristic apical ce '
sur felceré hminivd ced e adf csriod FOWERHER iBNABrRsuimidl is LOW
i nvol ved in, adherens junctions) in pbrachyur ositive |
col 18 oMt pRE B e So o orralel i ot e ntiad i
t he naurdervertdgachywey. expressing cell's increased,
the loss of junction-associ ated E-Cadherin in
brachyury positive cells was nore_robust. In addition,

t he norphol ogy’ of tHee cCeHFHppe A 198 st i ¥kt bs
evi dgnessi bysd he hif8sencese idhdor Phak oo DARLe AN onal

brachyury-stai ned nuclei at both 12 and 24 "hours,
f ur t#nepl shpporbandgae cehrencerofanth EMA {0848 vaitage

addi {j to_t f ' e_expf essi t he . .

i nt r%%:\g ut &r %c%%?‘gi%é] g%&gr?a%ef calltr esnalllng\rkfa%mg%?%rcﬁ et try -
as hESCs differentiated to definitive endoderm Using

an anti body th&at reTlognezechionty ddfel nevphios pdiox itk at ed
(Ser37 and Thr4l) formof b-catenin, it | f ound t hat,
i STFET B PRE TORaT T G HE Y neS TR ot G FeuL Ty,
surf ag@ &tating f&erem ¢ o etr-d ESKSra Bvel & NSy RAsta
activin treatnment, both nuclear and nenbrane bound

b- ca®'&nF rR ek HEY 2RI FH Hot P thaldHyur ynegat i ve and
brachyury-expressing cells. Furthernore, western bl ot

anal yses configmed e HLASENCE Mo bt o Lidid e,

sol ubl e, nmenbrane-excl uded protein fractions o

di f fiehereimtsaid blrghotcureiiffer egnitissesel | s. These
results are ‘consistent with the h thesis that the .
nucl ear | ocal i zati oh Of° b2 cat ecnlllﬁ(ylglgtcr&? sccfur?]aeo‘éla%%ereo eve
br acéyid yrof @t @i dle exql esgd Ghd Adtid i afald Yo I taken;

t oget her, the above_data suggest that in ,

Acti vi n- exposed cel F1ERH tIREEE LS 9P IHT RQ ixrFeive the
stregkrhikes St £3 deMRd PRS0 &1A88i 8}, EMI occurs in

whi ch activated b-catenin translocates to the nucl eus

i nadvance of the expression of brachyury protein and

coi nci des wi'th disassenbly of adherens junctions at

the epithelial borders between cells. EXAMPLE 6
Differentiation of Mesendodermto Definitive Endoderm

[ 0544] This Exanpl e denponstrates the conpetency of
nmesendoder m precursor cells to differentiate into
definitive endoderm [0545] Human enbryonic stem cell
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hepat ocyte specific antigen (HSA). This result

i ndi cates that the human definitive endodermcells are
weapabsesof differentiating into Iiver or |ivePCT/US2005/024264

precursor cells. Figures 12C and 12D show a

transpl anted human definitive @adederm secti on

i mmunostained with antibody to villin and antibody to

caudal type honeob therﬂf I gll f act 'r?sh(CDx ,
respectively. Thescé211 resu I%S%tleg |a8'gtngat%h§{l e lﬁll?r%r%:n coupled
def ity tihee engoderod ¢elilds faretcdpatelre caf and a second input
differentiating into intestinal cells or intestinal

cel ICPREIEH 6 SIMEXAWLELFS UGS afi™Gh of FGF8 _
1Promot er - EGFP and  BrRcinairiy 2,0t /IcETR TARegelve the

Human Enbryonic Stem Cel|l Lines [0562] Ih order to use

t he FCEitarnf IFedch M AND ig@ticer sihfegieigelths sélade o, said

NESEORRIS A0 AT L. 0R08 Y UIOLELS L3RY of

with an expressible reportér gene are construct A

par tdeciifl argcdrid Sirlweargeire descri bes the construction of

a vector conprising a reporter cassette which

conprises a report gene under t control qf th

FGF8 regul atorjxp'rfs :h(?n.c,&dfdiuﬁ%gﬁalcfe&,lnt *Corfist %i'on

of avneaddiof tIRIMRULPUN] oF LAY NANIC gl I iMisCRhe state

conprises a reporter gene under the control of the

br acty i1aid EPATatSFARTEisdi91iad -descri bed. This Exanpl e

al so describes the preparation of a cell, such as a

human enbryonig st emGelden tHANHHRRRA 1Wd 1tANE Bt i on
nore of these vectors™as well as a cell having this

one @rrdtthryofdurhiase poesor-tugr acds Pemeas dowmegcampdising:
into its genonme. [%563 weE”st%_ e>ipr %%Séitn orvel eism.at issv%rce
streak cell lines &hd rachym?rpy-yexpres I'ng TesefdSaerh
cel vdlgwesegenetically tagged with a reporter gene are
constructed by placing a G-P reporter gene under the
Zontrol of the regmtdt%dfzyf‘tr% ST H PSR SOrRged e said
FGF§, grNne Qlpdile HAHMMMYG N8 nimREPHd R hg Fiditlhge

a pllasm d construct in whi'ch EGFP expréession i's drivén
by tlevehluman FGF8 or brachyury gene pronoter is
generated by replacing th promat er .of vectaor . .
pEGFP- NI ( C ont ech)pov\“n%ﬁw Cfeﬁgéwchéulr?ﬁln l%rrybrogcehrfutrly e to
contgradblree @0l ubidSie 00/Rin @i vRgitans Wi adid urce
characteri zed regulatory el ements of either the FG=8

1r R GRS URF d&Ret matlhet}? i GHFGTe A Said_
confrein i fn YRt iSIPRRIT QYL AN Ofi 4 hRRR IR’ dtNon
transgenic mce. Inthe resulting vector, “expression
of EFRGRUIE R iamepisigidher the FGF8 pronoter or the

brachyury pronoter. Li X i S, this v or

can be transfected int o%ﬁo&%@&?ﬁ%ﬂﬁe Jéé%éll%crg/ coupled
prord eyd KGR veas seirdrd yorarid e darathyd \t opparstield EGFR
cassette is excised fromthe above vector, and then

- I3ubdTREPIGR F U S & FRTTENREC I [oGiR HANigig feom 2
neo"ﬁ’&&&-@ﬁsﬂhﬂtﬁa@@ﬁ%@e HIENRE AURARY vQﬁ'Harg@ l_QJvetlr}e
phosphogl ycerate kinase- 1 pronoter. The selecti on .
cassette is flanked by flqgicecdmswidsy rcesddifid iten receive

sites it I t S . A el i

vecrar SRR e e B FIFE Fhad R

usi nfyrcat agediat bdwepofeegidlon retikbdsgifoldiowuig r¥i0-cbérative

days of selectian in (418, undifferentiated raniﬁfni%
2hESC? HrE % I SISt FosEsPLe hgne

be apyaricH etk tdhate ABEHRIS AR iRE FR PridgdtPvoltage;

reporter genes under the control of the FGF4 or SNAII

pronoter can al so be constructed. Furthernore, it wll

be appreciated that reporter genes other than G-P or

EGFP can be used in any of the abovedescri bed

constructs provided that the reporter allows for cel

separation by FACS. EXAMPLE 13 Production of Cel

Popul ations Enriched in Preprimtive Streak Cells

[0566] The foll ow ng Exanpl e denonstrates that hESCs

o o, P—peap—r— A a



gl obal expression profiling using the Affynmetrix
hi gh-density oligonucleotide arrays (U 33 plus 2.0).
WO 0B8A3628ene expression patterns over the ti NEPCDUSBBS/024264
of hESC differentiation were studi ed using
hi erarchi cal clustering anal yséd as well as
conparative anal yses between groups of paired sanples
at the various tine poi% %Tt%enegr%%%E di%pl%ﬁe%_%% said
expression pattern char &ctérized by "a FebISHUE TCY eas &
i N @giassiceN Aweuitths fandstfuetheur eduplllecaned eceive a
ei ther mai nt enance or _decreases in expression at the
| at SRS REASHUR $igded ifdem iSAiled 1993Ge fdd GuhFaWv e §31A
25di f frarcentdmalh9f ofi HMaICs @ RAGRIWVTIING rdf 18318 &8lak$up
Genes that displayed peaks in expression at the 24-30
hourcitrave tpoi ritcs pasrvel ded emtrirfeingd tas sgedeseifeveinged i n
mesendoderm dihler enthatlon. LOSRSL Lable 2 beliow, o
desCriet e &P g SHEd Rt Aier & SEXFTESSe & &SGR v
el evaiigd d englds Mafardiny siclld e criidaeiduigd Re1liteSes and
with activin A. These genes are indicative of .
preprimtive streakdQid SPaHl &ed eNsEISE FESULHYs

30TRr kBT HeNes dhR AR QAN d Rle1p@2KIRME S$PLrence

about 24 to about 30 hours after contacting the hESCs

Wi t moglst iwhem AaiThesaingeneolidege magipraEionesofsaid fixed
”ESQQS_%FYWHP%LQ§- In each of these tables, the first

col um |%ﬁs€1he'probe set identification nunber and

t he second col umm provi des the Unigene ldentification
Nunber. The Unigen&igatsatsase ide fpumeld diny cAwdind all €urither
the National Center for Biotechnology Information

( NCBIY"REESSiE. The nucl eotide and amino acid

sequences for any ofiddieurarkecdenss degaldded igdid logic
these tables can therefore be obtained by a query for

-t he GpptruifrtYattd1atni ige R ar@divief it@atirsy Sniserl Cacngfpd ©
I ﬁﬁﬁﬁit The. . .gﬁﬂﬁi a i Epggr
er esll yre oerr} ggjclgq n i tsqu)tff?igrz’t yed%& urmrﬁﬁ‘l?)tggqgfd of

t he telach t abl e provi des the commonly known gene synbol

for each of the markers. The renmai nder of the col umms
provide the relati | evel s of ne expressi.on.at the .
. 2. 6, 24, 30 48 PIGE O LIRS pol LS e Jusdfferein
i n these dia esit "D cviefsr S die idaflivhiddoiersardoderid

and "M refers to nesoderm QO CO OO T- TCM Tt C%g CD

CO PHEXEYINELr .t N ReD cont rrdvicd T ebafe ofosejf FAST
CM oGy s iR 50 e @d\'_p-re%t%ihg%%'}ﬂt%ime.
18 Markers Usetul for Identifying and/or tecting
Enbryonic Stem Cell Differentiation Prior to the
PrePrimitive St4.eaklst siystEem idafings Eat sdexim Gdl/| ghherein
.[ OS.SSSJi T!}#o%\re@( wcﬁectq.% crd 1@%%1@5}% iy o&%@atqrv% l‘f;%(:‘\tpl:{:]ovide
in identiTylng and/ or detecting stemc

di f faersamid tatrtoira Jdry @fortsx drite tprigpiddiirit Ve edredgk prevent ing
stage. Such cell types are referred_to here as ,

pri ARG B& ST OF 5349 Ve FHred aeE Y -
the primtive ectodermcell markers described in this
Exanpl e can be sssomiatsthvint MdHiddd iite Actiedanm celdrein
conposjtions and used in the nethods that have al ready
beerf e A WP F oo radiftt it Yadd® SEMEsHi -ng

preprimtive streak cells and/or nesendoderm cells.

[0587] In orderg t 0 jdMeRld QiR AR PIAGRSS oy ME3E
differentiation to primtive ectoderm we conducted

gl oltowidaedst en qaishidriasy nofdedisf frafansnas rp IESE
cultures as described in Exanple 17. [0588] Table 4

bel ow descri bes marker genes that were expressed at

i ncreased or decreased elevated levels prior to 6

hours after contacting the hESCs with activin A These
genes are indicative of primtive ectodermcells. As

i ndi cated for Tables 2 and 3 above, in Table 4, the

first colum lists the probe set identification nunber

and the second colum provides the Unigene

. N o " I T -



vol tage is produced i ndependent of tenperature and
process variations and provides an excell ent
wo ecooada2son for providing a substantially consp@mnUs2005/024264
trip-point. The trip-point may be attai ned by
conparing the referencevol tage2to-an i nput voltage
derived, for exanple, froma voltage divider circuit.
Vv]eq:atngﬁnlél F%_‘étoxq"%' é:%%%r@é%efe%lttg Shabls Leferencey
vol t'age, e vol tage détection circuitry may asSeéert
t he vieMER<UR eNABL Eadidgrabrcutheyv aloinage sdegect | on
circuitry nmay de-assert the _PQ/\E\IE— UP _ENABLE si gnal,
Swhen the input sigRR PEFPE 1I5BRdwaMRe 1L 4RI Qpregia&lgﬁcéo
vol traecdiQRh1] ¢ (uj%l%t ahlig refferente ¥eldead® iaS source
generated by the AMP' s bandgap voltage. A s is known
in tved tage, ande ssdddddpedoModgades leaeilvegaficopmpid fier
di ff in emtter voltage of two BJT transistors
bei ﬁgjrmg)gcig“in% ‘conbi nation with resistors and a
differential anplifier. avMBde specisfiistald youpiedotot ke
. . BJT transistors S | arger _.em tter .areg _than the .
Loy hdr BT S et R LA el B To Gty ARt 5210
to hetfeBhbd rRyRd stier & rlhe delansiasior with the
smaller emtter area produces a |larger base emtter
vol tage than the other tr &¥Girsier tramsd siem ggapled to
di ffer. j i fq rovi b
Vol 1 A o Qe Sadgas ore s Ty g g, and
genevaaice ndfersanegadeql taagie, sufficient startup
current is required to generate .the vol tzi%%t zzt

t he
“Tenitter of the BIT ¥PHiiPs(GrE e E0H % et
needeh 1T iganeimt eddia thardgap sealdrgerQ6C Wipperutrient

supply voltage clinbs to a predeterm ned voltage

(e. ¢© thel epitter il s)id BIft itramsd s§é@3pl Fhrolsugypdy of
r ea%}'ﬁiscﬁ I):eatfge%deéaefdna qi\fqletrag: éd'ﬁ%lkéa%q@ eference
circuitry operates in Its non-stable region and 'S
unableld cgeardatsounce banidgeye .vol t age. However, when
the supply voltage reaches the predeterm ned vol tage,

t he bandgap .circuit operat.es at. it.s stable.qperating
regi on and. pr ovi ded ¥he HaaigEy VTR 20t (HERT Lo,

r ef efrenesi v ddadesd 1R velRe igiluidd Yeudfrdrite qutdsentes

i nvention_uses startup circuitry to provide current,

in atRfid i Bt fer e adurrEms it e ip g S@Te R e. g.
VCe o feedad t G arddMatie e shandgan LIy ciddy o Taler o
is, the startup circuitry enables the bandgap

Ti rowpndittan.operate in its non-stable operating

region. To acconplish this, the startup circuitry

selectively s [ cur.r .t . .

transi stors, tpeg' ag%fel gjﬁedg}rlltc)r& \?%efc%eéaqule?l%lén 16
em tlstredn tgied tarantsg civcuiitnor easeriides/ @ tfagest current
activates ortion of the differential, amplifjer,
prafivis St R AR R S AR g v o SR R
coupler: ddie thangtgap d ffeGirdces dRference node to the
supply voltage (e.g., VCc ) [0014] The bandgap
circuitry initially clanps the reference node to the
suppl y vol t aget Unt i The e =i sy A e dpprdaciied &-he
bandgap- o) tadf Alaie Ao e RARARAR, Wddid Y
ceases to follow the supply voltage and provides the
bandgaprard tlgyeel ovitdre gasifde reanglel Ticde . 1 sAnp radsiahitray es agfd
the #Jres nt jventionqig that the transition fromthe
suppt VS0 Yo I he bartigih  STFEHE dR56th (i e. |
vol tage overshoot is mnimal) , whereas in prior art
circuitry, the transition results in substanti al
overshoot. [0015] The startup circuitry nmay be
controll ed by a FAST STARTUP signal generated by | ogic
circuitry of the invention that determ nes when the
state of the PONERUP ENABLE si gnal changes.
Specifically, the state of the FAST STARTUP signal may
be the inverse of the POANER- UP ENABLE si gnal. Thus,

o NN A 1 IFN R IAPFN] P~ * - P N pNy= ey p peae—— N "



may occur when the voltage at Node B equals or falls
bel ow t he voltage at Node A . [0030] The reference

wo adobagrsdei ng provi ded by bandgap circuitry 3201/0S2000024264
described in connection wwith FIG 4 , which is a graph
of voltage versus tine. FIG -428hews a vol t age
waveform of VCc that initially ranps up, remains
constant, and then ranps down. FIG 4 also shows a
vol t age wavef arm of. . the .r L. e . E.
provi ded by b%r?dgagrh& %&5?P§§%§%?ﬁhge é%lll gﬁatlg \a7%Cc
- [ odteivheid Gt arsupnictiirailiy rappkiase st @ ocisuppilyr yurrent
300, .there is hase during which bandgap circuitry
320 05 Mé”%dﬁq%gs non-stabl e region. During this
phase, bandgap circuitry 320 provides VCc s V REF to
conpar at or 33Q1 .Bandgap igiciG it WeFdbe@ont RIGSH a6,
supply V Cc s V REF until sufficient vaoltage &%&
1. 1 vismedy &l & iy &9 TEVAEdYE KR CSA0 S0 & | SIIGRTUP
to idisshable ORetald R KAGIRN +uPPGe sl df e o84 @ircuitry
oper atl ng regi on, bandgap circuitry 320 1s able’to
genédateenda 8tFabl e VBG, thereby holding V REF to VBG .
When Vcc ranps down, VR E Fis held at VBGuntil V Cc
drops Lo a volfAge Al Ganses PRIIIIRLITeUtLY, 320
to revert to i1s non-stabple operating region. A" thi's
poi mtheafeire\earisl ampl\ fREF pracksle¥ Gaid [FAGREY viatege

t hat. t hroughout, ranp-up and ranp-down of, cc V F doe
not 1&Ysst &t iSaddy r@?@e‘pﬁ%éo%‘el F’?ﬁeél ﬁ&tléd,soﬁ’&%véfroﬁtage
t hataﬂﬁro\éc?@:s dess exGeed V\ﬁ%agjet § eQnar.shoot s

negligible (i.e., on the order of 0.01 to 0.02 volts),

as opposed to prior art bandgap circuits that
over shoot VBG¥y asThfuchH i s fimeske iyolalaimad 6,

advqmea&q_r{ %a;ﬂg%%é%yiﬂfe%\ég@ iaii%hﬂa'%%v\é R JlQBnt the

substantial 'y 'exceeding 'S at it provides a
substditagd Ibe iconstppiti €d ige peild refleerceine progee itriony
unnecessary delays in tri ring. the.trip-point. A

del ﬁycc(ﬁecc{ﬁ%q %adrdseéeﬁ?%{ g, q\?ﬁ’?&? dSesired trip-poi nt

is reached (i.e., Vcc has ranped up to a predeterm ned
vol tage), but M RERmoO™dintidas o dgfdcledVas, dikdmnehys,
preventing conparator circuitry fromregisteri nq t he

tri pUpHSHR diits Ival e i@%@@ﬁlwq FansGY { lce
A fyddiersady aplagsdea] I8t B ddRGHINGGE Gewiit iy inore
reaches VBG is that it ensures thatconparator 330 does

not Weirect. & wtlitsge on Node B as being sufficient
when in fact the voltage at Node B is actually

insufficient tg war t..dri Vi PQAER- ENABLE HI,GH.

This is achi ev%d' belcr:%scelqtréhuelq}ﬁ’plﬁgégcﬁetqggle at "g'elgE_%I

w | lwHeerd iowegaid fiiotddage liteaye \IRREfelbdcaude tmndgyputvoltage
vol tage is.red c_eg_ b% a predetermned ratio (e.g., 90

per &nt52i et y vol tage divider 310. [0034] The
advant ages realized by tracking Vcc while at the sane

time preventing VREmddpraxd eadidig oG i Rigay ded

by startup circuitry 370. In general, startup o

cir cﬁHktSrt;PWJa]s&éicéﬂ%SU@éﬁdg“é&ge&% 3L LREF byFomprising:
sel ectivel y suppl ying Surdient 4 & Bh [WEaRslithef that uses
bei ng used to generate the bandgap voltage in

conrescitd csubyg tantiieel hperatdtomd] rfddrias voliege to

pplicatiaqn of this current assures.that. VREE is
Sobseiit et LSy S SR ar
of power-up. [0035]vdRefefd itkfdiaticd aiddaityy tHaar t up
circuitry 370 may be coupled to bandgap circuitry 320
or rlﬁgp‘bi@%ﬁau&ioewst%%mgéﬁlﬁ% thQfegaRce voltage
Startup circuitry 370 recei ves FAST STARTUP si gnal 360
fromNode E. It is noted that the state of FAST
STARTUP signal 360 is the inverse of the state of
POANER- UP ENABLE. During power-up, FAST STARTUP signa
360 is H GH because the time out circuitry 340 forces
the out put of NAND gate 334 H GH for a predetermn ned

Y o . . ..



I ncreasing the voltage on Node B hel ps prevent the

noi se on VCc frominadvertently sw tching the out put
wobkoosospss at or 330 back to HI GH, which woul d deeEES®N$/024264

PONER - UP ENABLE. [0043] FIGS. 6A and 6B show a

transi stor di agram of bandgap @iércuitry 600 according

to the inventi on The Iar ge dashed |ines shown in both

FI GS |nd| cate t wo shaul.d .be igned with

respae t rfo%cé?:‘h d'f er FOrHift dG%r RS qara1t ashed

l'i n&SlﬁdUltSryS,eeﬁhi(Jlanll‘Ha@e %ﬂ@ﬁr&%ﬁfrc&ﬁﬂ@p&fomprising:

(fortl on of ci rcwtry 600_and FIG 6B represents a

ower portion of circui t4y FEHENINGle Rt Herdtitdtier

FIGS. 6A and 6B are ref ey i tQ- Ll G \&lypihes &id Aas
FIG 6 .[0044] Ceneral regions of circuitry 600 are
del |trm&e1dstbyr ota%rmﬁdacdaeﬁsfee@zltw Jpadml eixruicry and to
facilitate et des r| tion of arEerrbodl nt of the
i nve?ﬁllcgl yenet at I'y Teters to'the operati onal
amplifier port| on of ci raCLHﬁarryt,uﬂJQXraﬁ'@LQﬂﬁercaidgﬂ.ed to
refers to_the driving portion of circuitry 600, and

1hox T gbheherenr yak rARY 9RF o \ft r@ﬂr"seodﬂgé:a&?r't 2K
of cdd i diypfO0Ghodd; ishdinderstood that the groupings
are nerely illustrative and are not limting. For
exanpl e, the startup ci reiAntyp aticorulityy teuled to said
inve col tivel re t
boxe‘gl emie(/jl%o lﬁcuftrlo\{ her%/d exar O‘FISEZJGf g%éa?a%lsckai and
anpl ope et Ivpey umcéem&:&mén}bcm@]@ﬂkmrﬁﬂ&o [ 5mitter

The %ger ational anplifier portion, as deI i neated by
2§ ox BH2523h P PN HPE 1 rdHRi [URRY §f iy ¢p causes said

resi st orsu i ordifss s 3 coie dd{Lranid rﬁi@ 'tfd &aid
610. The operation of operational anplifiers is wel
knowsource Heokrageand need not be di scussed in det a|I

here. The rel evant operable portions of the

operational anplifigr gggp

foll owi ng di scu33| on. \Iﬁf'orl“1 & (?jglpcﬁ%lw v%ra]?w lﬁget(% nlgrl

t hatcNotle 26, witexdnn ssd o rtezohmqtmam] ¢hmwecwenitt eromdrises a
transi st or and resistor R, is coupled to SWTCH
NODE“¥%P2 ¥4 her nore, Node C, which is fornmed between

the gates of PMOS transistors 611 and 612, is coupl ed

to the gate of2@MOSriie¢ ajyst &0t &F G i fAOAOTy BOXE £1H in
whi ch. may form part of the startup circuitr accordl nq:

to tAERIRAVERt i OReTeHE | SRES RFYRILG YL Y PR L /b T Hp &3

to S@J:Lei:\trét\!@éys&P&'pchfff/eleéﬁ&a}@ctrﬁ%léc@r'muéj@ﬁ | startup
PMOS transistor 642 having 1ts source coupled to

i ts geamstoupl esibatNoda Dy vmedhiatse Foraftebhet \mrer ON
the drain of PMOS transistor 612 andthe drain of NMOS
tran%?%(bjo? *®13, and its drain coupled to VREF . VREF

may be coupled to SWTCH NCDE #1. [0047] Box 670,

whi ch nmay fornmpartTioé Bheedrepeed reitdut ae obs thmed tim

the invention, includes circuitry that is operative to

sel eCtRVBI 50 preNFERI R (FF ERLSHIF TR I F4 e hiPEgides a
trang{ 8507 JréNodeete) whEoXsHid dmel veesy P rov1d1ng
transi stor 672 having its drain coupled to SWTCH NCDE
#2, wsds@wt@ecmbtmev@ow:@ldamfw%n@fatreo@%upl ed to
Node E, which is fornmed between the drain of PMOS
transistor 6765 nd 208} S

[0048] SW TCH NODE %lté]%gﬁs ‘i‘{’o]rvé])‘t ?éﬁl@éﬁﬁ con‘%]é;’é%rggé T
SW T€H NODES #3wheféent$alecﬂysiomltphp rﬁglltchelidr)almr@hdes a
transi stor 672 t I\gdeﬁ. It is. note gat SW 4
NCDE® #5°% nc%’ér%%% T¥Rd BT 1%t olser%’b?"l +ng
Ci r cehidyf 6R8d t voDpLgat Bevell a-¢li $4 B8 erd £ dibsiece [REHD)]

The source of PMOS transistor 676 is coupled to Vcc d
its drain is coupled to the drain of NMOS transistor
678. The gate of NMOS transistor 678 is coupled to

Node E and to the drain of NMOS transistor 684 . The
source of NMOS transistor 678 is coupled to the gate
and dra| n of NI\/DS tranS| stor 680 The source of NMOS

o s o, PN . L N a s o o [,



functions) if the supply voltage is bel ow a
predeterm ned voltage. Data and control signals are

wa eanelesy ed bet ween processor 870 and nenory PCT/US2005/024264
controller 872 via bus 871. Simlarly, data and
control signals are transferred7between nmenory
controller 872 and utilization circuitry chips 801 via
bus 873. Input devices 874 can include, for exanple, a
keyboard, a se, t - [ : ean,.Qr. -a
ot her appr op:ni%gt'e &2‘\% ggﬁ:{%ﬁ‘a}t%qgﬁ %%%glﬁg&r %%glglr?tderq}lll
i nf @lrEid @, nihersyst anif0Gtabitpucideviicey 8éaseanto
i nclude,. for exanple, a_vide isplay unit, a printer,
or agi’r*}’pa’[yhé:rur&ﬁﬁ‘rtoﬁi’?’ieé’t éuﬁé’\?%ch%apabl e of providing
output data to a user. Note that input devices 874 and
out put devi ce2876 TeaN igitleefradleidv eliy che taysidedlitied in
i nput./ out put device. Storage devices 878 can include,
f or RIS, IHETELNmsed Adrdw Ldif iezppravides. spagsgfxed
Thus(rolf%%:gaer '_LléQreq.ett%Cts'aqral ci‘e_rf(é'ijetn_rc% tn'%@te %%Elats%idwsbﬁrce
a substantially constant trip-point 1s provided. One
ski Moddsige taperaetchsid Isadgprieciest actliragiehd epredsent
i nvention can be practiced by other than the descri bed
enbodi ments, why ch.are 'F%,Irt%%%%ﬁ:%% 195 1€ RHRES 63 0T 1
illustration and not of 11 M tati on, "and the présent
I nvenidion 265 lwihdredd erliy kynplhe ielraiirs opleireltive to
follow What is Clained is . : 1 . Power detectjon
ci r ARFERE &&?pﬁfuoii e PoINSE) @PPERECe 1Ce SEF e distRy ence
COUR|RM Q- SR 1R30Q aNGkePeiAlakR h@vinovi de
to a reference node areference voltage ranging froma
power-of f voltage level to a fixed voltage |level;
| ogi ¢ ci rcui t A -codficed ntearaseidy € 1gaud trat dediged in
vol't:agg pg anuidiul, ld 309 e ved iy apialed sauee g
vol tage, saldwioglc circuitry operative Sel ective y
changsef ereencst atoelenfdose SPOVER-ee cleNABIRE s ifgxald vadecdgen level

said reference voltage and said i nput voltage; startup
ci rgﬁ’l tWec&%'ﬁnec?‘tO% oY ziﬂfs‘r'efer ence circuitry and
further coupled to receive a FAST STARTUP signal from
said logic cirgutrymesdicl FAST prbAREURSIagrRAlbstantially
sel ectively causing said _startup circuitry to provide
cur reans %3l ts et et Ved [Egee Y A (&P N &8s sai d
ref &[obqgsciir[ uitry to couple said reference node to
sai g'rs urce \?gl tage; and wherein said reference
circuitry provides r=gied viingead \eolurage vicdvrelget ¢ hedi ¢hanges
ef ey ence nqode .\when sai d source valta appr.oache
Lol G Voage b PAARY SRS A Fe -
i N breddereiimesnivblaigey argelci rcuitry conpri ses
vol tage divider circuitry cqupled to said source
voltage and to sai osq]r?gﬁtcw(ﬁlrycﬁ“’tﬁ%ly&ﬁ@ Gp&atisné fhat
provide; 1sal & MR M 3889 Jut plite fddeC Wd 134 idefdngde
in 1l further conprising : tinme-out circuitry coupl ed
t o sailddasyissid tragiitalyl t Hameds agpedivatéifite 1t cgnmereement of
ai d. POMER- UPENABLE si gnal ..from goj ng Hl far. a .
L R o] oA a P s Rl yeligbe co saia
def idiegbuth reddei ;mahd wherein said tinme-out circuitry

initially activates said startup circuitry

control ling the st &I &@ﬁsﬁ”@?&?ﬂﬁéa&&@n&]onﬁ&ﬁnt

sai d-dyadster et edPdafd Juutd nodB&Hdd @Hild Bource

defined in claim1, wherein the state of said

PONFR IR ENARIE oS ies  dasi HIsGRsHeert isdily iopnatandl t age

XC | d fj oltage level . 6 . The circuitry
15gef %ﬁegfzer?eﬁ{c a'ilar%%%é,/e'v\her ein the state of said

PONER- UP ENABLE signal is LOWwhen said input voltage

Is equal to or less than said fixed voltage |level. 7 .

The circuitry defined in claiml1l , wherein said

vol tage reference circuitry is operational anplifier

bandgap circuitry and said fixed voltage level is the

bandgap voltage of said bandgap circuitry. 8 . The

Y o



to the emtter of said BJT transistor, the supply of

whi ch causes said anplifier to couple said reference
woome/ns@ssai d source voltage. 17. The circui t rgcdesiongek4264

in claim16, wherein said selectively supplied current

activates said differential tradsi-stor and said

startup transistor substantially imediately after a

power ON condition. 18. The circuitry defined in claim

16, wherein sajdl S W HIL WlNRY QY 485 3% B! Furener

current |evel en ‘sai anﬁl Ier 1s providing sai

sourgeenpraldiage to said reference node. 19. The

circuitry defined in claim 16, erein said Stittu
circuitry provi des BFEGATL fAehE at&Fenmr I$ade from

amplddfarts GV icdi e Sidigd Jdi@@_u\b@ttaaﬁe__amgﬁ ledr@tant
said reference node.20. The circuitry defined in claim
56, nefarsnrsaidtgm-tup circuitry ceases to supply
current when turned OFF. 21. The circuitry defined in
claim 16, whergin el 5, .rcly tr 2] KeS -
FAST STARTUP sﬁg’nalsl?{et R Rt i LA B85 Fherein
st artthep wwiltage e IOy aplaEEd t22 sadllde coitipei ode does not
defined in clajm,J6,. wherein said.anplifier provid

Sai ERISEEH ST g AbVIL T % A ol r AEE (0dE iR

sai drgldy ce vol tage approaches said fixed voltage

level . 23. The circuitry defined in claim16, wherein
said anplifier_ is operative to prevent the voltage

bei ng appl i ed 3% sérlpl'}f MsYsh &8 Tgds Pﬁbrﬁlé&&bécﬁgﬁélrther
sai dupeeds vt age level . 24. The circuitry defined

in claim 16, wherein the voltage being applied to said
ref erence node doesampawixieed ishisgidfsteed ivdlitvagenstant

| evelle rer{locre\}oq n Oe' 20 Vacl)'l tish' u?t5'v -l]_.rt]:ea Cei ! Lgltvr from said
def inedimn ¢l aim16, erein‘said |xe(§?voetage evel

5 s tdwuhandgapagy t age of said anplifier. 26.
Integrated circuitry that uses a substantially

constant reference yoltage, copprising: trip-pajnt
detection circdtry ehé‘legcj?éig Weéﬂg‘ﬂ M’é‘ﬁl%ﬁ further
condapriefigfence voltage to generate a substantially
constant trip-point; voltage reference circuitry that
provi des sai d substdgfeEininpdedier derasert a POWER-UP
Vol (Aa6ats Al QU PYl N0AG Q1R dbiidd 0] Ny delieflighe
circurtry, s voltage referencecircuitry

conproliayy ahd feriehtdwdstypaitiadilnc Wdrstaree BEFerence
transistor coupled to a transistor of said

di f fEHEf9%1 pair circuitry and to said output node

via a resistor; and a startup transistor coupled to

said differentd@l trransiediyd deSET e JllAge,353N¢herein

sai d out put node; and startup circuitry coupled tog

sai Pafid FRRFaTE 1l e Sk adiid efisF BiFe tielidiaq o @
and yopefatl t I i i t Qs ;
emtter %éfé \s{‘\g?ldt%l T rfn%aﬁs%eo%wﬁt%%%ﬁlofa%m%ﬁ?ﬁer
causSessesdilehrsigan upitquwiisiyst or to coupl e sai d out put
node to said source voltage. 27. The integrated
circuitry defined in claim26, wherein said trip-point
circuitry conprises a conparator. 28. The integrated
circuitry defined in claim26, wherein said

sel ectively supplied current activates said
differential transistor and said startup transistor
substantiall'y i medi ately after a power ON condition.
29. The integrated circuitry defined in claim 26,
wherein said startup circuitry provides a first
current |evel when said anplifier is providing said
source voltage to said reference node. 30. The
integrated circuitry defined in claim26, wherein said
startup circuitry provides a second current |evel when
said anplifier is providing said fixed voltage | evel
to said reference node.31. The integrated circuitry
defined in claim 26, wherein said startup circuitry
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