Met hods for Predicting the Toxicity of a Chemical Field of the Invention
5The present invention relates to the field of cell biology, toxicology and
drug scre¥fi2ay/149H6parti cul ar, the invention rel ates toPREERINS/ 003762
predicting the toxicity of chem cals on devel opnental pathways. Background
to the Invention 10 The present invention describes nethods designed to
provide information on human cell/tissue or foetal devel opnent foll ow ng
chemical insult. It utilizes the in-vitro differentiation of human stem

cell lines in respaafods fpPredietingthe FoxidityRARSChemigali ¢ i n-vivo
cell/tissue devel opnent. Further enbodinments include i) 15the use of a

broad range of cell/tissue markers and ii) the use of early and | ate

cell/tissue markers. In conbi ' i ndi cat e whi ch devel opnent al
pat hway is di srupted and at mﬁ‘%mya%g%gﬁﬁﬁﬁﬁ progeni tor cell

differentiation, cells are exposed to a chem cal, drug, 20 cosnetic or
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limtations of standard (non-stemcell) in vitro tests for pharnmaceuti cal
safety edfzghemicalson dexgopmentabpaiwayst tests have significant drawbacks

because of 25l ack of specificity of the the existing nethods. |ndeed many
exi sting methods are tine consumng, are non-information rich, expensive

and often require the use dackdraugd tothkedngentiohaboratory animals. Thus

t he ﬁ}se of human devel opnental toxicity approaches yielding | arge anounts
of data/information is an attractive alternative to traditional nethods

pot ent i athy preng inv@ntios dedsitsss pktiRRldadidried © piBvidednforpaticr ow t hout
conprom sing the safety of consuners and patients. . 1 CONFI RVATI ON
COPY human cell/tissue or foetal development following chemical insult. It utilizes the
in-vitro differentiation of human stem cell lines in response to known stimuli as a
means to mimic in-vivo cellltissue development. Further embodiments include i)
15 the use of a broad range of cellltissue markers and ii) the use of early and late
cell/tissue markers. In combination these can indicate which developmental

pathway is disrupted and at what stage.

During progenitor cell differentiation, cells are exposed to a chemical, drug,

20 cosmetic or teratogen and the effect on the developmental process will be
assessed by monitoring the extent of differentiation. Indeed, Suter (Current
Opinion in Chemical Biology, 2006, 10, 362-366) describes the predictive value
and limitations of standard (non-stem cell) in vitro tests for pharmaceutical safety
evaluations. Many of the current tests have significant drawbacks because of

25 lack of specificity of the the existing methods. Indeed many existing methods are
time consuming, are non-information rich, expensive and often require the use of
a large numbers of laboratory animals. Thus the use of human developmental
toxicity approaches yielding large amounts of data/information is an attractive
alternative to traditional methods potentially reducing the number of test animals

30 and expense without compromising the safety of consumers and patients.
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Recent publications have highlighted the effects of chem cals on the
devel oping foetus. It is estimated that -5% of all live births have a
devel opmeNOap10agB4ehavi oural def ect many of which are RCTEPRUANITE2t O
chemi cal insult. Furthernore the European Union has enacted (2007) a new
chem cal regulation called 5REACH (Regi stration, Evaluation and

Aut hori zati on of Chem cals), which prom ses to be the nost conpl ex and
conprehensive regulatory effort ever instituted. Wthin this law, the

requi r enrBESNt UbIiE SIS mghwyﬂe@lw&b_ﬁ@&gmﬁ@heﬁwﬁu@@hWdavaoym y
| mportant, because they result 1n the highest requirenent for funding and
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assess the pot oXI C m cals on opnment 20 Stem
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predict the result of a chemical insult on human foetal and or reproductive
development. Thus there exists a need for the introduction and validation of new
cell-based methods to assess the potential toxic effect of chemicals on human
development

20
Stem Cells
During human development the tissues most susceptible to toxic insults include,
the nervous system, liver, kidneys, lung, skin etc therefore assays using
progenitor cell lines in combination with the celi/tissue specific markers will help

25 identify not only if a particular chemical is toxic but also the cell/tissue affected.
Furthermore, the approach described in this patent specification has an
additional enabling feature, in that it has the capability of discriminating between
early & late cell differentiation markers (for example,Nkx2.5 and aMHC are early
and late cardiac markers, respectively).

30 Embryonic Stem (ES) cells can be differentiated, for example, into neuronal cells.

Upon differentiation, expression levels of the embryonic stem cell markers and



those of the differentiated cell markers can be quantified. Here enbryonic
stemcell differentiation is used as a neans to mrror foetal/cellular
devel opmewmD 20B@93460r exanpl e, Figure 1). 50n chem cal PASEEPR)10/003762
identification of the markers in which expression | evels have been

di srupted facilitates the identification of which cellular devel opnental
pat hways are affected. In addition the quantification of both early and

| ate cellular markers allows a nore in-depth interrogation of the

devel opnigke @F tRYifdAdritiated 88l fkkers AR Hef QiartifiddPHere énb Rty es
usi ng earlglq,_and | at e markers 100l i g2 and respectively). Therefore
i

quant i f i et difarentiatipn is pusedaeaimeanstd Mirefoetel kelldangevelgrmpent (saee t he

interro i t ire cellular devel opnental/ differentiation
pat hmy%‘?ﬁ%@%‘%’tﬂ@%\%}htion descri bed herein can be used to construct a

toxicity profile or toxicity biomp, for exanple for foetal devel opnent.
15Stemcells are cells. found in t, if not all, nulti-cellular organisns.
They r cOBIRERY RS RMRALT BT Peymersere olER EHEEISSIA EHFS IS L ot 1
cel | di vpsdrpBispipstedddirbRitthatiddittification 8f Whita @Rulragfebnfapeai al i zed cel |
types. The two broad types of manmalian stemcells are: enbryonic stem

cel I's t heathwieys iase pHeeleds doaddiienithe auagtfiiqatiens beth eadseadjales, and adul t
stem cel 4§ %}?rﬂa&refsl Lma'nﬁ'or%qﬁ-lotgprtlé ﬁgéﬁé%at% '&tﬁ%‘i’}g&g@mm oflﬁggyo’ stem

cells can Iéi':i erentiate rnto al speci al 1 ze oni c ues. In
adul t orpaticslas celb typm (farl dxangpid, gigogendionytasaldinng aatly and dateaparkersyst em f or

t he pody,.. repl epi shing specialized cells, .hut.als intain th or mal

tur e Ol B M, FoBBE A TRt R alngfoeich Sl s RtefeHF 1 ssues.
St em cel ingrikats wilPFidiRate tAdtafdgaticnef lergdiré BERUISPESIAdprReatalel | s with
25characteristics consistent with cells of various tissues such as nuscles

or ner vedifferandiagan eathways: Thpe. thaduyantiongiasceped heegin ganeresrd Bt e into
devel oPERIdcY a akiEhAb RRILEH t'oxfoﬁg?ﬁomég,cfpr BRaBloVfBr ffdthiudvaichriib@od cells.

Both intrinsic an insic signals regulate stemc fate sone of

t hese signals have been identified (Watt & Hogan, Science 2000, 287,

1427f§L43§t)em %glls are cells found in most, if not all, multi-cellular organisms. They are
characterized by the ability to renew themselves through mitotic cell division and
differentiating into a diverse range of specialized cell types. The two broad types
of mammalian stem cells are: embryonic stem cells that are isolated from the
inner cell mass of blastocysts, and adult stem cells that are found in adult tissues.

20 In a developing embryo, stem cells can differentiate into all of the specialized
embryonic tissues. In adult organisms, stem cells and progenitor cells act as a
repair system for the body, replenishing specialized cells, but also maintain the
normal turnover of regenerative organs, such as blood, skin or intestinal tissues.
Stem cells can now be grown and transformed into specialized cells with

25 characteristics consistent with cells of various tissues such as muscles or nerves
through cell culture. Adult stem cells can differentiate into developmentally
unrelated cell types, such as nerve cells into blood cells. Both intrinsic and
extrinsic signais regulate stem cell fate and some of these signals have been
identified (Watt & Hogan, Science 2000, 287, 1427-1430).

30



Adult stemcells froma variety of sources, including unbilical cord bl ood
and bone marrow, are routinely used in nedical therapies. Enbryonic stem
cells (ESvoebiginomse stem cells derived fromthe inner @ENEPAEHINIITH2 an
early stage enbryo known as a bl astocyst. Human enbryos reach the

bl ast ocyst stage 4-5 days 5post fertilization, at which tinme they consi st
of 50-150 cells. Enbryonic Stem (ES) cells are pluripotent. This neans they
are able to differentiate into all derivatives of the three primary germ

layers: patRdtince®ffofes Tarietybf BBERZR! Mclubies 6mbhicbHesrdaAedd ahdt he nore
than 220 cell types in the adult body. Pluripotency distinguishes ES cells
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for self-renewal, ES cell therapies have been proposed for regenerative

nedi ci neokihe thf@sl@fé“ﬁ@f;ﬂl%{&mﬁfs gctadermg podgdeym, @ngdangsod € to date,
no appro i{ge(gf;g QF&% stem cel |
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probl em concerning stemcell therap é@l s that of graft-versus-host disease

associ at dyisigns, Thsareseaecpipiuniretebkadult ?@H’s?ﬁ'&ﬂ?ﬁ’@’@ﬁ]a sHBiRSY ef . this
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from embryonic stem cell research. Adult stem cells and cord blood stems cells
have thus far been the only stem cells used to successfully treat any diseases.
20
Diseases treated by these non-embryonic stem cells include a number of blood
and immune-system related genetic diseases, cancers, and disorders; juvenile
diabetes; Parkinson's; blindness and spinal cord injuries. One technical problem
concerning stem cell therapy is that of graft-versus-host disease associated with
25 allogeneic stem cell transplantation. However, this problem associated with
histocompatibility may be solved using autologous donor adult stem cells or via
therapeutic cloning. The practical definition of a stem cell is the functional
definition - a cell that has the potential to regenerate tissue over a lifetime. For
example, the gold standard test for a bone marrow or hematopoietic stem cell
30 (HSC) is the ability to transplant one cell and save an individual without HSCs. In

this case, a stem cell must be able to produce new blood cells and immune cells



over a long term denonstrating potency. It should al so be possible to
isolate stemcells fromthe transpl anted individual, which can thensel ves
be transpvamdwdi4p3s0 anot her individual w thout HSCs, decHaPeeIandivg2t hat
the stemcell was able to self-renew. Properties of stemcells can be
illustrated in vitro, 5 using nethods such as cl onogeni c assays, where
single cells are characterized by their ability to differentiate and
self-renew. Furthernore, stemcells can be isolated based on a distinctive

set of celdr Hhhaean dskenstratiig soteAty. 1léholil® BRoBEptRIBIe Ry digBed pat ent
and patent applications rel atler:(?_ to stemcells; where permtted, the
8

cont ent ¥eM erlisdromdhe trapeplatasd iadividuabywhick gan theynpelvas 8 i nto this
appl i caty f. i hey I Ny ; i Ans
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t oxi ci t yotHbinEsiigds difftirestidte ifidnsiClRABIC Burthefmeren dtenh Bells/eamBe
pharmaceutical agéents, |ead and candi date drug 20 conpounds and ot her

cheni cal isoladedhhaserhan adipingine set pbaelbeyrface malw@ign et al (2009) Toxi col ogy
257 (3) 117-126 describes enbryo toxicity hazard assessnent of

met hyl mercury using enbryonic stemcells to neuronal cells. This paper
descri beBrianAgnbryoni c stemcell test as a tool for 25 devel opnentally

t oxi ¢ coppounds, especially, ai to inprpve the in vitro . prediction of

ot b el RST, SERDS LRI el AndndfBar S8picaiobl rpls 18 e iRon rodel
based onwh&fecpedmitte@Oihet Sontbnof BivketiRIEE bépwassalisrebRTals¥ R caRsbrated

i mrunohi stochem stry. 30 W2007/063316 (Plasticell) discloses a nethod for

i dent i f yintRythis peplicatica by fetaieacd in heirentiedty. si gnal 1i ng pat hway, conpri si ng
the steps of: (a) providing a cell of a first cell type, wherein the first
cel | typasaEBY3PEn dhél i semiosabql/ibeorisis RAMMY R&ddardly PBUNdSich)PT Ogeni tor cel |

by sequentially exposing t he first cell type to two or nore'reaction
condi t i o#escripep raeﬁgpdgfqros@atlrr\@prlatateugrrmrycpré%ter@ﬁ@lls;f the two or nore
reacltg' on conditions to which the progenitor cell has been exposed with
W02007/120699 (Wisconsin Alumni Res Foundation) describes biomarker
profiles of low molecular weight cellular metabolites (10-1500 Daltons) that are
able to predict developmental toxicity and methods for screening chemical
compounds including pharmaceutical agents, lead and candidate drug

20 compounds and other chemicals using human embryonic stem cells.

Stumman et al (2009) Toxicology 257 (3) 117-126 describes embryo toxicity
hazard assessment of methylmercury using embryonic stem cells to neuronal
cells. This paper describes an embryonic stem cell test as a tool for

25 developmentally toxic compounds, especially aimed to improve the in vitro
prediction of methylmercury embryo toxicity. Stummann et al. describes a
prediction model based on three end-points, i.e. cytotoxicity assays, RT-PCR and

immunohistochemistry.

30 WO02007/063316 (Plasticell) discloses a method for identifying a potential

modulator of a cell signalling pathway, comprising the steps of: (a) providing a



5exposure to one or nore different reaction conditions conprising the
potential nodulator; -and (c) nonitoring the differentiation of the first
cell typewbaotetdexdmi ne formati on of the second cell typ@CT/EP2010B0FsEN et al
(2009, Toxicol ogi cal Sciences, 108, (2) 389-400) describes 10 neasurenent
of only one biomarker (cytotoxicity) froma single sanple. W 2004/ 013316
(University of Durham discloses a nethod for preparing one or nore
conpositions of clonal pluripotent stens cells derived froman individual

manmal i agelPbfl filketemtypel afefdh lthe St 3bR t/pe PBY detEiféreptatddabidsecar@pr i si ng
a 15 heterogeneouss cell population to an anount of a tagz whi ch recogni ses
Ity

and bi nageli iBe viziaaroganitos ceh iy seaperiallyfxpreing tBe fivglAelityRAIPMA Phot ent
stem Celdlg%ré/\’F&{c%bﬂ cbﬂaitibﬁg- 2%6! RS d’i‘@@%Ei@@'miﬁ%@of‘fﬁé%% 02568
rpora a rr e

(Geron I'on) describ system prd termnation 200f
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i itro. Th | ] tain. ter- 1 t. t hat .refl t
toxi Col CHIRODFS TReam8 More AifksBnRRCHn B dliee gaRpiobdhe befataly, ° ° °
US70414 30 (RAGH - 4o @h@ddi@ﬁh?dhé diffsestiztion! STRAE Vied cel $fpidf ddtemtinbur i ng
25primate pluripotent stemcells in the absence of feeder cells.

U52006/ ofermatien ofHtheoeacond celidveat han) describes a microarray and cel | - based
screening strategy that enables identification of nechanisns of

phar macol ogy and toxi col ogy using bi omarkers. US2004/0254736 (M chel son &

Bangs) dBsesarsetal(200%doxisudogipaladcienced, d 0Bde) 380y tdesciibest oxicity in a

bi ol ggi cal system.usi ng conputer, nodel |.in d bi ol.oqgi cal [ ocesses.
oUsoiBy! Deasip sl on P FR CHotofepa o plifih B ecess: no
toxicity of a substance conprising: exposing a | east two genes to the

subst ance; anaI/IyOsi t he variance of the response to the substance for each

n . . .
gene usi W 260¢ aé?»?%hldwsr%ty Qf Ehy b disclpsesMeHISH 198 BFPFTHY ARh gene i n
the set &meF‘é‘@éthB&EiBRé B 88nd1 plaRbStehfsteRfY &SI RIMVBAHONS af iNAGRuENe
sunmary score; an
mammalian pluripotent stem cell isolated from a cell population, comprising a
15 heterogeneouss cell population to an amount of a tag which recognises and
binds individual cells that express markers of mammalian pluripotent stem cells

wherein the tag comprises a retrieval means.

WO02007/002568 (Geron Corporation) describes a system for rapid determination
20  of pharmacologic effects on target tissue types in cell populations cultured in vitro.
The cells contain a promoter-reporter construct that reflects a toxicologic or

metabolic change caused by the agent being screened.

US7041438 (Geron Corporation) discloses an improved system for culturing

25 primate pluripotent stem cells in the absence of feeder cells.

US2006/0275816 (Henderson & Cheatham) describes a microarray and cell-
based screening strategy that enables identification of mechanisms of

pharmacology and toxicology using biomarkers.



10using the results of the logistic regression analysis to provide a

predi ctive nodel regarding the toxicity of a substance. US7354730
(HenoGeniWwO 2p1éiH9dbscl oses hi gh-t hroughput assays of heReTdP2I1810DIT65t em and
progenitor cell proliferation. 15 US7202081 (Hof fmann La Roche) describes a
met hod for the sinultaneous determ nation of cell proliferation inhibition
activity and cell toxicity (induction of cell death) of a substance using a
proliferating manmalian cell sanple as a test system 20 US6998249

( Phar nacyg2804i2san3e gmmleaﬁms& Bingeyldistiesep hestheds aad tanamus/io/o toxicity
of a given conpound. The nethods involve conducting at [east three distinct
assays i Weptiyanatential doxeitnindebiolgaicahsysiem Uspacompuler medelling@ngar anet er s

of cyt ot gxi £ emcal in a given target cell, which information is
usef ul fg';& pérfgg(lg%%sﬁg in vivo cytotoxicity. The method does not describe
techni ques involving stemcells or multiplexing. US6007993A (I nsitut fur
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out
regarding the toxicity of a substance.

US7354730 (HemoGenix, inc) discloses high-throughput assays of

nematopoietic stem and progenitor cell proliferation.

15
US7202081 (Hoffmann La Roche) describes a method for the simultaneous
determination of cell proliferation inhibition activity and cell toxicity (induction of
cell death) of a substance using a proliferating mammalian cell sample as a test
system.

20

US6998249 (Phammacia & Upjohn) discloses methods for predicting the in vivo
toxicity of a given compound. The methods involve conducting at least three
distinct assays in parallel to provide information about three distinct parameters
of cytotoxicity of a chemical in a given target cell, which information is useful for
25  predicting in vivo cytotoxicity. The method does not describe techniques involving

stem cells or multiplexing.

US6007993A (Insitut fur Pflanzengenetik und Kulturpflanzenforschung) describes
an in vitro test procedure for the detection of chemically induced effects on
30 embryonic development and for differentiation for the purpose of

embryotoxicity/teratogenicity screening based on differentiated pluripotent



cells in the presence of enbryotoxic substances acting at specific tines
into different germ nation path derivatives; this is followed by detection
of chem CEDI2910/HA46ed acti vati on, repression or nodul at POH/EPR010/003762

ti ssue-specific genes which regul ate enbryoni ¢ devel opnent. 10

US2008/ 0280300 (Pl asticell) discloses a nethod for identifying a potenti al
nodul ator of a cell signalling pathway, conprising the steps of: (a)
providing a.cell of a first cell type, wherein the first cell type may be

di f f er enginghRhid Stetn gzaspwusqﬁiriw nbi@ @ndi ratsu s @ BRbrydHic gehh éExz;)s:@qslent ially
exposing the first cell type to two_or 15nore reaction conditions; (b)
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US2008/ 0132424 discl oses a toxicity assay based on hunan blastocyst deri ved
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screeni n@mtebmbrgamicdwpmmnwn ncl udi ng pharmaceuti cal agent s, lead and

candj date drug conpounds and ot her chem cals using human enbryonl c stem

cel 1Y or | i neage- specific cells produced there from The nmethods are for

testing Us&ogalomoaeoKmuh@éu))dlsbm@s@nwm@ for drtifyibig @ansbteetigict i ng
terat ogenlc effects of such chem cal conpounds. USZOO?/ 0248947 does not

descri bem@duaten cgﬂae‘zelh@gﬂalanapamm|Camp§§mséhﬁeﬁt%p%§ GRERIPVISEY Rerein. 5

cell of a first cell type, wherein the first cell type may be differentiated to a second
cell type via a progenitor cell by sequentially exposing the first cell type to two or
15  more reaction conditions; (b) adding to or replacing at least one of the two or
more reaction conditions to which the progenitor cell has been exposed with
exposure to one or more different reaction conditions comprising the potential
modulator; -and (c) monitoring the differentiation of the first cell type to determine
formation of the second cell type.
20
US2008/0248503 describes methods for screening compounds to predict toxicity
and residual proliferative and differentiation capacity of the lympho-hematopoietic

system.

25 US2008/0132424 discloses a toxicity assay based on human blastocyst-derived

stem cells and progenitor cells using ATP measurement for proliferation.

US2007/0248947 (Wisconsin Alumni Research Foundation) describes biomarker
profiles of low molecular weight cellular metabolites and methods for screening
30 chemical compounds including phammaceutical agents, lead and candidate drug

compounds and other chemicals using human embryonic stem cells or lineage-



US 7541185 (Cythera, Inc.) discloses nethods for identifying one or nore
differentiation factors that are useful for differentiating cells in an
endoder m\¥0I1201053pibat i on i nto cells which are capabl e oPCTEPAINNHOITPZSUEsS
and/ or organs that are derived fromthe gut tube. US 7510876 (Cythera, Inc)
describes in vitro nmethods 10 for produci ng human endoderm cells. Cezar
(I'nt.J.Pharm Med, 2006, 20, 107-114) reviews key opportunities for stem
cell technology in producing in vitro nodels of disease and toxic response.

O Bri en gpddiidkéels pfrdlideriere frivh. ahel methdidel e Yor t886Ng ta3ddity, 415- 425)

descri bes 15mul tiparametric, live cell, pre-lethal cytotoxic high-content
scr eeni nRArHewlayy dewloa@"@@é@|t<a>gcntm@anetqﬁﬂnaﬁer@ﬁomsﬁ%@ of skc ausi ng hunan

toxicity, &ﬁ%ﬁ?&orﬁb{ﬁﬂ{e& g,?;zg)g’h’ 49%%%’58%e Q‘?ﬁulﬂgﬁeﬁﬂ%odw

2733- 274 revi ews on of an e ryonic stemc test in
conpar i seellular biomarkeos asdlestsbedharein.nt er nati onal blind col | aborative
study. 20 Stunmmann et al. (Toxicol ogy 2007 242, 130-43) describes
errbrfot oxicity hazard assessnent of nethylmercury and chrom um using

enbr yoni gSstzam18s|( C?theT@'lﬁcHWoéi%&ﬁétH@ﬂ%f@rﬂld@ﬁbﬂywy‘tbr@‘eéﬁﬁm&e'| test as a
tool for deveIoF | y toxic conpounds, especially ained to inprove the
191

i n vi t r odiffeeaditiation facsersitbatgnenisatl for Q@‘eéﬁfﬁ\a%g &ﬁf'% in 9n endoderamaelbt al .
descr! besodiidifind LAR Wﬁﬁ'ar?%%nﬁgb@rbftfg g BCIEP LA/ olgdhs thEE QlePX! c1 LY

assays nouse e ryonic s cells a Iast I'n addition to
an enbr y@eriwedgrmnthelgm wedild8 78i108E6 Gythata, dncdssayibesidnweNrormethods paper
does, not_ describe the eff ct of tEXI ns or teratogens on early or late

di f f &t enftofgfc? " Blﬁ'ﬁ?ﬂ&n opg;m&e Articular cellular devel oprent al pat hway

30as neans to mrror foetal or cellular devel opment. Clarke et al. (Regen.

Med. 2007, 2, 947-956) discloses the_us primary cells fromvarious
hemat opo?é%ﬁ""c('ﬁtr]sp haren.Med 20061200 1§A- 166%(%%?W§ K?MPRHPTtBWt'e@&{L%?'F‘e etal .

(rary on capBEiRicpp PBocbena Akt Hudessripen a6 iapoted Lsc of ar

O’Brien & Haskins (Methods in Molecular Biology, 2007 356, 415 425) describes

15 multiparametric, live cell, pre-lethal cytotoxic high-content screening assays for
assessing the potential of compounds for causing human toxicity.
Bremer & Hartung (Current Pharmaceutical Design, 2004, 10, 2733-2747)
reviews the validation of an embryonic stem cell test in comparison to in vivo
results in an international blind collaborative study.

20
Stummann et al. (Toxicology 2007 242, 130-43) describes embryotoxicity hazard
assessment of methylmercury and chromium using embryonic stem cells. This
paper describes an embryonic stem cell test as a tool for developmentally toxic
compounds, especially aimed to improve the in vitro prediction of methylmercury

25  embryotoxicity. Stummann et al. describes a prediction model based on three
end-points, i.e. cytotoxicity assays with mouse embryonic stem cells and 3T3
fibroblasts in addition to an embryonic stem cell cardiac differentiation assay.
However, this paper does not describe the effect of toxins or teratogens on early
or late differentiation biomarkers for a particular cellular developmental pathway

30 as means to mirror foetal or cellular development.



5in the pharnmaceutical industry. Li etal. (Biol. Chem 2008, 389, 169-177)
describes the effect of a toxic agent (Dioxin) inhibiting the adipogenic
di f f er entWa20wi4e¥46an adult stemcell line. Mranda et aPCTERIKROKIONDI .

Bi ol . 2008 447, 151- 156) describes the use of foetal 10 rodent cerebral
cortical -derived neural stemcells as an experinental nodel and determ nes
the effect of prior ethanol exposure on the subsequent maturation of
neurons. Adler et al. (AltemLab Anim 2008 36, 129-40) discloses cell

vi abi | i t Glapks 8y 8. Redws Me®R0UTRNOSRIJSE) HideRsek 2 686 of Bﬂmady téry ent
degrees of devel opnental maturation, nanely, foreskin fibroblasts, human

enbr yoni Eomn@fioys nemptppoighc Hssipsiiotrsevide high camenh MeimMationr yoni ¢ st em
cells. Agl r?tf'é el (F(%B?‘Bacﬂ))ﬂ&yl 2608”%5{2 2@@3 @@aﬁﬂi%tlgﬁ%ﬁﬁ' bes a

devel opnent a Icity test 't uman ryoni c stem
cells anuiseaofrmnbmbryﬂmdetemcewtesjas&stoonJdevemmer(talMom ayyp@o@s 231,
1- 10) des; |r%§s the tre Imenhgof specific cell types wth chem cal or
physi Xall b% gm ﬂ%%‘étl?ra W& us response offers a shortcut to test the
toxicity in various organ systenms in the adult organi sm 25 Techni cal
Problem As discussed above, there is a need for new assays which can be

used to br@cﬁ’c(B'Ph@ml?@qayW @eﬁ@&%cﬁhe%m?a‘hﬁ%\%ladﬁﬂﬁrﬁgemt hout
evert L0 NGNS hlodl Blr LG 3 M B Sl y 1o e

human devVe ylng on no anlna systens. In
parti cul erandanet el.i Meﬂmderet Brxdeﬂom&447,a59aly@)tdlmt:ntpﬂsememsamﬁfoetal

devlmm m@%%ﬁhggrph(pﬁ%ﬁ&?l efved neﬁr'a Sy cg\fls as g?\ e%%%ﬁﬁ%e%%l%oc?el %m cal .
determines the effect of prior ethanol exposure on the subsequent maturation of

neurons.

Adler et al. (Altern Lab Anim. 2008 36, 129-40) discloses cell viability assays
15 based on human cell types, representing different degrees of developmental

maturation, namely, foreskin fibroblasts, human embryonic stem cell-derived

progenitor cells, and human embryonic stem cells.

Adler et al. (Toxicology in vitro, 2008 22, 200-211) describes a developmental

toxicity test method based on human embryonic stem cells and a nhumber of
20  marker genes.

Ahuja et al. (Toxicology 2007 231, 1-10) describes the treatment of specific cell
types with chemical or physical agents; measuring their response offers a
shortcut to test the toxicity in various organ systems in the adult organism.

25

Technical Problem

As discussed above, there is a need for new assays which can be used to predict
the toxicity of chemicals on human development without revert to lengthy and
costly animal tests and which more closely reflect human development rather

30 than relying on model animal systems. In particular, there is an unmet need for

10



In a first aspect of the present invention, there is provided a nmethod of
predicting the toxicity of a chem cal on a devel opnental pathway in a

sanpl e coNpr20wVIHgB45he steps of: (i) treating a control POPIIP2R10HN376F

undi fferentiated stem 10cells in a sanple with an agent to produce a first
control population of differentiated cells in a first devel opnent al

pathway; (ii) nmeasuring the levels of at |east two bi omarkers expressed in
said control population of undifferentiated 15stens cells and/or said first

control peduisahhopredict dinidredevdiopinestat phinwvdy dirf Whichnissaeaivilpbe | evel s of
expression, wherein at |east one of sald biomarkers is expressed at an

early staliected by ayehemisphent al pat hway and/or differentiation and at | east
one of the 20biomarkers is expressed at a | ate stage of a devel opnental
pat hway and/or differentiation; (iii) exposing a test popul ation of

undi fferenti ated stens cel | SSumnsarydbfthepgheention chem cal either before or
after_treating with said agent to produce a first test 25popul ati on of
diffetentiated cells in a first devel oprent al pat hway; (iv) neasuring the

| evel s ofn §@itdl a@pettastihe présdiit HRNKBH Stheke B3rdvidedta memdrdf gradirting
undi fferentiated stemcells and/or said first test popul ation of

di f f er entheatoxigity f pshemical @ @ Apvelermestal pathway Bra sRipPIeseeMAFisINg\D
2010/ 1493468CTL EP2010/ 003762

(i) treating a control population of undifferentiated stem
10 cells in a sample with an agent to produce a first control
population of differentiated cells in a first developmental
pathway;

(ii) measuring the levels of at least two biomarkers
expressed in said control population of undifferentiated

15 stems cells and/or said first control population of
differentiated cells to determine control levels of
expression, wherein at least one of said biomarkers is
expressed at an early stage of a developmental
pathway and/or differentiation and at least one of the

20 biomarkers is expressed at a late stage of a
developmental pathway and/or differentiation;

(i)  exposing a test population of undifferentiated stems
cells in said sample to a chemical either before or after
treating with said agent to produce a first test

25 population of differentiated cells in a first developmental
pathway;

(iv)  measuring the levels of said at least two biomarkers in
said test popuiation of undifferentiated stem cells and/or
said first test population of differentiated cells to

30 determine test levels of expression;

11



(v)comparing said control |evels of expression with said test |evels of
expression, wherein a difference in the levels of expression follow ng
exposur e WO 28Hy/1d9346 chemi cal is indicative of the toxPEIBP2¢/003762

chem cal on said devel opnental 5 pathway. The skilled person wll

appreci ate, for the avoi dance of doubt, that the undifferentiated stem
cells for use in the present invention do not include totipotent stem
cells. 10 In a preferred aspect, step (i) of the nethod conprises the step
of treating a popul ati@p ofcampghrifges#iaicontredeséledf expfessint WitmBa@gent to
produce an nth population of differentiated cells in an nth devel opnent al
pat hway: and repeating st ep8S{leveisia expressiondet ermine a difference in the

control }NQ&F‘éiﬁ ai @Pé%@sﬁit%‘le%fs"bf@b%sﬁcﬁifolllé\?\efﬁséxf suPSRI §sigi on in said

nth popul ation, erein a difference 1nt expression foll ow ng
exposur echemtidaé is rslidative af$he takictytofiiee ohemital boxdaid dgvelbpmistatheni cal on
said nth _devel opnental pat hway. In one aspect, the first and the nth
devel pnBﬂ&]?i‘faypat hway are networked 20 devel opnental pathways. In one

aspect, step (i) of the nethod conprises the step of treating a popul ation
of undifferentiated stemcells wth an agent to produce a plurality of
popul at i &Re skilledipereaewili aprraciaty. far the ayogiancg|qf dpubt, thghtbe opnent al

pat hmysunashg{gngismbdstbhﬁee@repn@é iir?hfé%r%@@%hb?&ioﬂ &Paofinkhudo (V) to

determ ne a erence In the contro evel s of expression wth the test

| evel s ofotipetardstdrocellsn said plurality of popul ations, wherein a difference
I n tE@ | evel s of expression follow ng exposure to the chemcal is

i ndi cative of the toxicity of the chem cal on said plurality of

devel opmana grefeablwpact, 8tep (i) of the method comprises the step of treating a

population of undifferentiated stem cells with an agent to produce an n"
population of differentiated cells in an " developmental pathway; and repeating
steps (ii) to (v) to determine a difference in the control levels of expression with

15 the test levels of expression in said n' population, wherein a difference in the
levels of expression following exposure to the chemical is indicative of the toxicity

of the chemical on said nth developmental pathway.

In one aspect, the first and the n" developmental pathway are networked

20 developmental pathways.

In one aspect, step (i) of the method comprises the step of treating a population
of undifferentiated stem cells with an agent to produce a plurality of populations
of differentiated cells in a plurality of developmental pathways; the method then

25 comprising repeating steps (ii) to (v) to determine a difference in the control
levels of expression with the test levels of expression in said plurality of
populations, wherein a difference in the levels of expression following exposure
to the chemical is indicative of the toxicity of the chemical on said plurality of
developmental pathways.

30
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Suitably, the plurality of devel opnental pathways are networked

devel opnent al pat hways. I n one aspect, the stemcell is a pluripotent stem
cel | . Thewpl2orwigeident stem cell 5S5may be an enbryoni c st @QTg#R010/083762 nduced
pluripotent stemcell, or a prinordial germcell. In another aspect, the
stemcell is an adult stemcell. 10Preferably, the stemcell is a human
stemcell. In one aspect, at |east one of the biomarkers is an enbryonic
stemcel |l biomarker. I n anot her aspect, at |east one of the biomarkers
is a prigorabipl thegiraig! df deveicpmeéntar pathWags bre hb@vorkedeevelopinenesist one of
the biomarkers is an adult stemcell biomarker. Suitably the enbryonic
st em cel Palhma¥er ker is sel ected fromthe group consisting 20 of Nanog,
SOX2, SSEA4, Cct4, TRA-1-60, TRA-1-81, Cripto, CD133, A2 B5, PAX6, I|ntegran
betal, CEA, Tnkl, ERAS and STELLAR Suitably the prinordial germcell

bi omar ke ore agpentt tbe steromeillie aglotipoteohstest ¢ally Tk dbDiphterrstgin ¢els, Stel | a
and NOS2. .1 n_one aspect, at |east one of th iomarkers 1s . soder mal
b1 ormt kem2YSEHE PABTYEIE Hleelat MEECR? BEPRE LB sl it PP Ehe.qr oup
consi sti germ@telBr achyury, Tbx6, TBR2, EOVES, PHOX2A, PHOX2B, PRRX1, PRRX2,
VESDC2, spl, Mesp2, MERL, MER3 and SNAIL. In another aspect, at |east
one of the biomarkers is an ectodermal biomarker. Preferably, the

ect oder ' [ f i sti f EED, TIF1
{ h it yp consisting o )
ganma, mﬂ@tﬂﬁﬁéﬁeée%&@?eﬂgﬁ%% 1(:% NCAM and CD99. 5 In a further
aspect, at |least one of the biomarkers is an endodernmal biomarker.
IeI ected fromthe group consisting

Pref erab th ndoder mal, . bi omar ker, 1 s
of *kfs7. Plgjerabfy. MRSIR R 52 BUREIHEIAI Ui T E and Oyl n B2,
In one aspect, at least one of the biomarkers is an embryonic stem cell biomarker.

In another aspect, at least one of the biomarkers is a primordial germ cell

15 biomarker.
In a further aspect, at least one of the biomarkers is an adult stem cell biomarker.
Suitably the embryonic stem cell biomarker is selected from the group consisting
20 of Nanog, SOX2, SSEA4, Oct4, TRA-1-60, TRA-1-81, Cripto, CD133, A2 BS,

PAX6, Integran betal, CEA, Tnk1, ERAS and STELLAR.

Suitably the primordial germ cell biomarker is selected from the group consisting
of DDX4, Fragillis, Stella and NANOS2.

25
In one aspect, at least one of the biomarkers is a mesodermal biomarker.
Preferably, the mesodermal biomarker is selected from the group consisting of
Brachyury, Tbx6, TBR2, EOMES, PHOX2A, PHOX2B, PRRX1, PRRX2,
MESDC2, Mesp1, Mesp2, MIER1, MIER3 and SNAIL.

30
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10l n one aspect, at |east one of the biomarkers is a cardiac stem cel

bi omarker. Preferably, the cardiac stemcell biomarker is selected fromthe
group corgP2WiIMgoBH hyal ur onan synt hase 1, OSR1 and ScaPCT/EP2¢16/083762 her
aspect, at |east one of the biomarkers is a cardionyocyte precursor 15cel

bi omarker. Preferably, the cardi omyocyte precursor cell is selected from
the group consisting of ALPK3, Periostin and Mesp 1. In one aspect, the
early biomarker is a cardi onmyocyte bionmarker expressed during the early

st ages Ofn andtR¥EASHEEE Ndtadast A NVEhthaBiirRarketd kseireedtoasingd biémBr@rer abl y, the
early cardi onyocyte biomarker is selected fromthe group consisting of

NI cx2. 5, Praferehiite eciedsmmalpipmarkeidsiselecteddomitBragroumsonsisling of
Transcri EEU)"hE@géR{m;?,ﬁ(mfs,aé\?ﬁ\f‘éggésﬂﬁ@% Eicﬂtgp' SHSTROIMEEN arvd

cardi onyocyte bi omarker expressed durin lafe stages o

devel opneboal pat hway and/or differentiation. Preferably, the |ate
cardionmyocyte biomarker is selected fromthe group consisting of Cardi ac
Traponin T anti body, Cardiac Traponin | antibody, heavy chain cardi ac
Myosi n alm & buther aspest, at ldaghone bathe biomankers is @aratidadempabiamarkesdy and

bi birar koPr8rabN, S PhBeAEa] Ridinpikdr o B Betel 'S I RE G sarsBinbd i orer ker
i's sel ecK®Y, RooOullivg, ulin2 comkin St CyelirnE ddREPclinHAND2 and Ser um Response

Factor. 5In one aspect, the early biomarker is a neural stemcell biomarker
expressed during the early stages of a devel opnental pathway and/ or

di 11 af enfy Gid Qé‘%edi’,ré’tflééﬁtﬂdé ot HicthhikePS ¥ Rbafisitef] telPhiBRRIKS 1S
sel ected fromthe group consisting Aggrecan ARGxxx, CD133, EMX2, Nestin and
Neur oD1. Praferabin dné eardiapsterm celhbiomarkenis seladted from thergraupicopsisting el |
bi omar ke r I ges of a devel opnental pathway
and/ or dﬁ'?@%@i?ﬁ% gwasggé e alﬁ)l%gr/](a $‘%€I'I ate neural stemcell biomarker is
selected fromthe group consisting of BRN3A, BRN3B, Musashi 1, Msil, NR2EIL,
Tai l |l ess, Nuc) eostem,n,, , . e e . . .. .
in anotner aspect, at ieast one of the biomarkers is a cardiomyocyte precursor
15 cell biomarker. Preferably, the cardiomyocyte precursor cell is selected from the

group consisting of ALPK3, Periostin and Mesp 1.

In one aspect, the early biomarker is a cardiomyocyte biomarker expressed
during the early stages of a developmental pathway and/or differentiation.

20 Preferably, the early cardiomyocyte biomarker is selected from the group
consisting of Nkx2.5, myocardin, GATA4, MEF2C, HAND1, IRX4, TBX5, TBX20

and Transcription Factor 25.

In another aspect, the late biomarker is a cardiomyocyte biomarker expressed
25 during the late stages of a developmental pathway and/or differentiation.
Preferably, the late cardiomyocyte biomarker is selected from the group
consisting of Cardiac Traponin T antibody, Cardiac Traponin | antibody, heavy
chain cardiac Myosin antibody, Myosin light chain antibody, Cardiac FABP
antibody and alpha sarcomeric Actin antibody.
30
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Oct 6, Pax2, SOX2, SOX4, SOX10, SOX11, SO0X22, Vinentin and CDW33. 15 In a
further aspect, at |east one of the biomarkers is a neural crest cell

bi omar kerWORI W BPHBl y, the neural crest cell biomarker PSTEPREOH0GI6Er om t he
group consi sting of Neurogenin 1, Neurogenin 2, Neurogenin 3 and MASHL. 20
I n one aspect, at |east one of the biomarkers is an astrocyte biomarker. In
anot her aspect, at |east one of the biomarkers is a glial or mcroglial

cell biomarker. 25In a further aspect, at |east one of the biomarkers is a

Pur ki nj amC&#drtHéir@aFé&efhe lafe BidehAROES T vaitribAasbioRRke T PreferabRirikers is a
neuron or nerve ce bi omarker. Preferably, the nerve cell biomarker is

sel ect edventaenlaneiogiaskey is selacied ﬁgnbmemrgm@ﬁawﬁmg AEBMEN 0. HANIRZ ephal i ¢

neur on, Qﬁ@%@hﬂﬁr@sﬁoﬂsé'rl:%@torcml i nergic 30 neuron, sensory neuron,
noci ceptive neuron neuron, pyram dal neuron, oligodendrocytal,

neur oendocri ne, axons, Schwann cells, dendrites, gromﬁh cone, sonma and
synapse cells

R AL LI Lo gL R W R MR A
bi omar keggriy ﬁe%@tétég@éiopé( defabhiivtaligdthwaP ahiRe dffdrémaions and
measur enent of bound |abel. Preferably, the levels of the two or nore

bi orrar kePeeferblyqdamenty BaUTRS i GakRIAMakyis SARRIRG SPMEIRGRSPry. | 101 n
6o different {
anot her. GGty Adrelal WRGBAN It A0 ENHI Lo RRLFsLsr o) {{ o7 ent T eporf et

genes op ast two or ers, the levels of the
two or nore biomarkers being quantified by neasurenent of the different

gene (P ' OI% ano%her aspect, the late biomarker is a neural stem cell biomarker expressed
during the late stages of a developmental pathway and/or differentiation.
Preferably, the late neural stem cell biomarker is selected from the group
consisting of BRN3A, BRN3B, Musashi 1, Msi1, NR2E1, Tailless, Nucleostemin,
Oct6, Pax2, SOX2, SOX4, SOX10, SOX11, SOX22, Vimentin and CDw33.

15

In a further aspect, at least one of the biomarkers is a neural crest cell biomarker.
Preferably, the neural crest cell biomarker is selected from the group consisting

of Neurogenin 1, Neurogenin 2, Neurogenin 3 and MASH1.
20 In one aspect, at least one of the biomarkers is an astrocyte biomarker.

In another aspect, at least one of the biomarkers is a glial or microglial cell

biomarker.

25 In a further aspect, at least one of the biomarkers is a Purkinja cell biomarker.
In one aspect, at least one of the biomarkers is a neuron or nerve cell biomarker.
Preferably, the nerve cell biomarker is selected from the group consisting of

hippochampal neuron, telencephalic neuron, dopaminergic neuron, cholinergic

30 neuron, sensory neuron, nociceptive neuron, motor neuron, pyramidal neuron,

15



Preferably, the reporter genes are selected fromthe group consisting of
nitroreductase, 13-gal actasi dase, [3-lactanase, |uciferase and fl uorescent
protei n MO@pwieH6genes. In a further aspect, the | evelPSTHP2QIHO0376D or
nore bi omarkers are quantified by a nethod selected fromthe group
consisting of quantitative RT-PCR, quantitative inmunocytochem stry,
surface Plasnon resonance and mcroarray analysis.. In one aspect, the
nmet hod additionally conprises determning cell proliferation after steps

(iii). | sligodurefredytaid naspeetoctine awhboSchwarin Bulld, idehaxteseyfmatth dohea second
aspect of the present invention, there is provi ded a method of pred| cting

changes ﬁﬂmé‘ﬁﬂQWﬂa@sebﬁeﬂﬁap or devel opnental pathway during human foet al
devel opnment using the nmethods as herei nbefore described. 30ln a third
aspect of the present invention, there is provided a kit for carrying out
t he met hbdarstheeaspectpaifloast cu"emfrthbéxibmah@rkistamadipobwiertgomam for

quantjifyin at ast mar kers and, i nstructi ons nducti ng the
Tet ot Ihoae Brerd; leeYBa AL ME i ohmRRe elpe R e & g e BV P e er o 1 s
sel ect edwithoabdliee eﬁ‘ftmid)ﬂlés%h‘d RlehBgrePherftidf BoUhBMshel. PRefRRMIVEhEUSHIS at e and
an oli gonucl eotide priner. Definitions "Stemcells" as used herein are

defi ned 8&thedwosorirpgte %'P@aéh%ﬁsaﬁf?QN?EB@P%VW‘E&U@BFWQW? IMBWROF f er ent i at e
into a dbyt% Emiiyge of specialized cell types. The two broad types of
manmal i an’ stem cel'l s are: enbryonic stemcells that are isolated from 10
the inner cell mass of bl ast ocysts, and adult stemcells that are found in

adult tiss ln_ a 0 e stem.cells. ca eretlatelnto

a1 0" EHEnet deferdahB a Rl Bte SR Sterd AT eSStk LRSSl Cin cel | <

and pr oggené@bpmlblﬁlnﬂ@u toatdedst pad or sysrbddrharkerdehd tshels oEPleariosdt Ng

speci al i zed %el | s, but also maintain the normai_turnover of regenerative

or gans, @rk@gﬁjbe@glqya@,tlﬁed by measurement of the different gene products.
Preferably, the reporter genes are selected from the group consisting of nitro-
reductase, B-galactasidase, B-lactamase, luciferase and fluorescent protein

15 reporter genes.

In a further aspect, the levels of the two or more biomarkers are quantified by a

method selected from the group consisting of quantitative RT-PCR, quantitative

immunocytochemistry, surface Plasmon resonance and microarray analysis..
20

In one aspect, the method additionally comprises determining cell proliferation

after steps (iii).

In a preferred aspect, the method is a multiplex method.

25
In a second aspect of the present invention, there is provided a method of
predicting changes in a cellular biomap or developmental pathway during human

foetal development using the methods as hereinbefore described.

30 In a third aspect of the present invention, there is provided a kit for carrying out

the method as hereinbefore described, the kit comprising means for quantifying

16



15intestinal tissues. "Blastocyst"” as used herein is defined as the
structure fornmed in early enbryogenesis, after the formati on of the

bl ast ocoeWVO 2bI14pBbore i npl antation. "Progenitor cells" PEI/ERIEG/0DFO2I n are
defined as cells having the capacity to 20 differentiate into a specific
type of cell. Most progenitors are described as uni potent or nultipotent.
"Devel opnent al pat hway" as used herein is defined as a pathway for cellular
differentiation (or a cellular differentiation pathway) and is the process

by whi chate38ttveasioinatkers @ind ikstamiivas Jorsyriuday aed metissd.| Ity pe.
Differentiation occurs nunerous tinmes during the devel opnent of a

nul ti cel Prﬂ%fe%?%ﬁtsmd@e@mﬁef%t%‘é‘ﬁt'@l'ﬁQ:Wﬁrw‘é@af'?%ﬁ]'sds%'?ﬁﬁp(—:fr%gﬁ'&?e to a
conpl ex %3%%?3:'%9 stlﬁg%ﬁi%ﬁ%rﬂ‘tﬁgd?%r{ eh P%tggtﬁrﬁﬂtéﬁéilgﬁhdckﬁldgommn
It well: a cel

process t ste vi de and <Treat

ful | y-dipidreeenti at ed daughter cells during tissue repair and 30 during
norn&% cell turnover. "Networked" in the context of "devel opnental
pat hway" as used herein is defined as a network conprising a progenitor
cel | thaDeﬁmnogyable of differentiating into two or nore different cel

types, t hepsel v 0S api i to, dif ti further.
PSS oSl TS sed nitdin 208 fEfiRed, BF Bl Ik bre Rostactaig0iy 168, o o

gener at egbullty%Wé?éﬁﬁétbahtotu aiveEse rangeWTefebiligddicéIPtyBeb] TR 1S bidERy st udy
of the procéss by which organi snms grow and devel op. vel opnent al

bi ol ogi stypes Plimanmaligr flem celoate: mbsyorieistery colle Hat @re iselalad ifeam on and
d
mor pﬂPge{ﬁ%ﬁ}aﬁer éé?ﬁnB&QSFBl%s{J&gEﬁthE%d&R sférg%]p, |§>tr§jdt fcﬂ; qgl o an

anat ony hogenesi s I cal
process tigsuek. tnmlsleselapmgregahnysnstem deNeed:adelffeserﬁimmto btt of theone of three
fundarrental spects, of d ve QpMEN Ga bi ol.0 a{on% \{\nth the caontrol of cell
growt h, E embryonic Sissues TR At organisms, stem €ells and progenitor cells

act as a repair system for the body, replenishing specialized cells, but also

maintain the normai turnover of regenerative organs, such as blood, skin or

15 intestinal tissues.

“Blastocyst” as used herein is defined as the structure formed in early

embryogenesis, after the formation of the blastocoel, but before implantation.

“Progenitor cells” as used herein are defined as cells having the capacity to
20 differentiate into a specific type of cell. Most progenitors are described as

unipotent or multipotent.

“‘Developmental pathway” as used herein is defined as a pathway for cellular
differentiation (or a cellular differentiation pathway) and is the process by which a
25  progenitor cell becomes a more dedicated cell type. Differentiation occurs
numerous times during the development of a multicellular organism as the
organism changes from a single zygote to a complex system of tissues and cell
types. Differentiation is a common process in adults as well: adult stem cells
divide and create fully-differentiated daughter cells during tissue repair and

30  during normal cell turnover.
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15differentiation and cel lul ar devel opnent. The norphogenesi s process
controls the organi zed spatial distribution of cells during the enbryonic
devel opneWO 281di4p3et al devel opnment of an organi sm Mor pREFERRANH0IT6Eponses
may be induced in organisnms by hornones, by environnental chem cals ranging
from substances produced by other organisns to toxic chem cals or

radi onucl i des, pollutants, and 20 other toxic agents, or by nechani cal
stresses induced by spatial patterning of the cells. Morphogenesis can take
place i n“NdiwBFREY” th the EBvitaxteofdd@aglbpMentd) patiwaye Wstused ereinisidddineanor cel |
masses. "Pluripotency” as used herein is defined as a_stemcel] that has
the pot edt PdIetwerkenprsing ARragenitalics!l ihgt 1scapallerqt ditergatistingipta -

endodernM[y\?' ' | %M&F i L Qﬂw]a d0isl g,

gastrointes ':ﬁg{&?}rf%{:%rﬁﬁ%ﬂeﬁﬁsﬁgs, trf;eerﬁ?ehﬁ%ﬁnngg?fosgét yr m%lhtgrtlg thryroid

gl ands) , diffesadiaterfufthier.c Thig precess eontinuesamtita demhisalynhdifferantiaberheell bl ood,

urogenital cell s%\ r,ectoderm (which give rise to, for exanple, epidernal
vs GRE 3 RENRARTD

tiss 't HEN us system. 30 "Induced pluripotent stemcell" as
used herein is defined as a type of pluripotent stemcell artificially
derived froma non-pluripotent cell, typically an adult somatic cell, by

i nduci ng Qw&lqmnamﬁaf biglodyx g eiserdyerein i¢ detingthag e study of he)peaoess byas used

herein i fd : r I : ' .S
i st 1 not PP ArGEMSAR Giolarld UleIoh, BEVEIER TSR Bbidydh Sty iheeflett
i ndi cat ocondfol ®f belbgoyitb, differentiatipniandamotpiogenesisstheprocesmihat givest hat i s

obj ecti vel asured and evaluated as an indicator of normal biologic
procg(gse'gf’é/bog{'e%%'&én?rcgaﬁls@@ SEOMY, phar macol ogi ¢ responses to a
t herapeutic intervention or toxic agent. In cell biology, a biomarker is a

nol ecul e _that is expressed by a particular 10cell type (for exanple, the
br ot oi n_ AHTPRODENEUE S asel BPrTRAAINES 3SR ippaical Brocbs which

causes an organism to develop its shape. It is one of three fundamental aspects
of developmental biology along with the control of cell growth, cellular

15 differentiation and cellular development. The morphogenesis process controls
the organized spatial distribution of cells during the embryonic development and
foetal development of an organism. Morphogenetic responses may be induced
in organisms by hormones, by environmental chemicals ranging from substances
produced by other organisms to toxic chemicals or radionuclides, pollutants, and

20  other toxic agents, or by mechanical stresses induced by spatial patterning of the
cells. Morphogenesis can take place in an embyro, a mature organism, in cell

culture or inside tumor cell masses.

“Pluripotency” as used herein is defined as a stem cell that has the potential to
25 differentiate into any of the three germ layers: endoderm (which give rise, for
example to interior stomach lining, gastrointestinal tract, the lungs, liver, thymus,
parthyroid and thryroid glands), mesoderm (which give rise to, for example,
muscle, bone, blood, urogenital cells) or ectoderm (which give rise to, for
example, epidermal tissues and the nervous system).
30
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enbryonic stemcells). A biomarker may be nmeasured by a variety of

techni ques well known to the skilled person, such as mcro-array anal ysis,
a report evogenél4asisay, quantitative RT-PCR or using quaRCIT{ERR1ME03762

I mmunocyt chemi stry. 15An "early"” or "late" biomarker as used herein is
defined as a cellular biomarker that is expressed early or during the late
phases of cell culture or growh, respectively. These bi omarkers may be up-
or down regul at ed during t hese different phases of culture or growh. 20 A

"mul ti plgud@ssalripstentstein pélExsngEeddteromad dedned @siaStyﬁéfdflpﬂdlp@ﬁer& type of
| abor at ory procedure that neasures nultiple anale/yp nol ecul es or
bi omar kestent seJhardificialyderied o a ‘Fﬁﬁ‘@'urtﬂﬂt%ntt‘@@h i@y 2N asdt ssnatioe

mul 1 P! CcdPbTIARAG b MiafitatldGycheLiian 8F bahRghes, he generation of

hi gh- con ent tion ex assays are sti ngui shed from
pr ocedurAéblbrmirkeréasmsedshenglhes da&hgd as amellslangm@eetﬂblsunhrasa protemt h" as

used herei.n denot sitive |ntee third,
Foar e s ARAGEET LRM.molcoulalyitint ibfifiofte: Shatls bsedad ary BECR 1y

30" Agent of @Bld%@ stas at i3 4 Gh@ral@fé{i%h@ af nidlédulé Usat (SoBjectiv@pimedivinéd

radi ati on) or em cal treatnent which induces differentiation of

undi f f er @i pyalatesiasar fdicator ginorpal Ridkegic pPrecassBt PARYIRWAPri se a mi xture
o chen GalBsscl!6f pRArALIIRGE Ses it flo LARBRISRLEE MterERfoRGP R _general Iy

different to t em ca I's being evaluated as a potenti al
t oxi cant agatteinecelifbolagyne biomarkeeischmalexalle thad inexpressed by agzarticulahey ar e
used qat di ffer t CQnCe

tigns kn i he method,o jon. Brief
peschf ot YR Tk sXBPE 1hE bistE @84 FEuSBRLERE WomeBes BEERBLL on show ng
the dif fenpAlonds stem eélisy. Abiomakkel may be measured by a variety of techniques
well known to the skilled person, such as micro-array analysis, a reporter gene

assay, quantitative RT-PCR or using quantitative immunocytchemistry.

15 An “early” or “late” biomarker as used herein is defined as a cellular biomarker
that is expressed early or during the late phases of cell culture or growth,
respectively. These biomarkers may be up- or down regulated during these

different phases of culture or growth.

20 A “multiplex assay” or “multiplexing” as used herein is defined as a type of
laboratory procedure that measures multiple analytes, molecules or biomarkers
from a single sample. Thus, this technique allows for the multiple interrogation of
living cells allowing for the generation of high-content information. Multiplex
assays are distinguished from procedures that measure single analytes or single

25 Dbiomarkers.

“n™ as used herein denotes a positive integer from-2 to 1000 (e.g. second, third,

fourth, fifth, sixth, seventh, eighth, ninth, tenth...one thousandth).

30 “Agent” as used herein is a physical stimulus (e.g. light, heat, radiation) or

chemical treatment which induces differentiation of undifferentiated stem cells.
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10into a network of devel opnental pathways (biomarkers indicated in
parenthesis). Figure 2 is a schematic illustration of one enbodi nent of the
met hod ofWOReLWH9BAti on in which the effects of a chem ®&I/EP2Q)/083762

eval uated on the differentiation of an undifferentiated stemcell (10) to a
differentiated cell (40), following treatnent with a stinulus or agent

(30). 15 Detailed Description of the Invention Stemcell and enbryonic germ
cell markers 20 Stemcells are undifferentiated cells characterised by

t hei r abThé thekficdl treatrvieniemby defriprigel &/ mixtuig 6f chewnidals] such & @banbnes,e i nto
various mature cell t p$s. They can be categorised as plurjpotent stem
cells MQWEzi@ICtBF%ﬂGXe B%|agef'§'|§&er@ra'hn qifferand to tep chBRIical gwhichiigyers i . e.
ecto-, - : A Mr ' - dordi al germ
cells (ggélﬁgeﬁp%(ggr#?ﬁgdpggﬁgﬁ Altg)ple%g’ewghéﬁ%ep ogrgmg%r‘n tﬂ%éer%riéoll uri pot ent
st em cel bge andihe ssmenthey are used ahdifferpot eonceatratidn$ frethennetiod cfitbeg a

part ié:ul ar dﬁvel opnent al pat hway. Enmer gi ng technol ogi es have prom sed
to provi e nean of i dentifying the 30markers for the various stages of
stemcell differentiation. Each cell type including stemcells possesses a
uni que signalling network that is maintained by cell-specific
transcriptional regul at orBrighRasedptionsafthe Lrawingsi n t he expression of

cell -specific genes. Therefore the 274 different cell types in the body are
defined by the conbinatorial expression of the - 25,000 genes present in

t he hunmahigooely i$ Arache®atic represahtatiopGhewimatheodifferensatiard 06a 4657 )cell 5

10  into a network of developmental pathways (biomarkers indicated in parenthesis).
Figure 2 is a schematic illustration of one embodiment of the method of the
invention in which the effects of a chemical (20) are evaluated on the
differentiation of an undifferentiated stem cell (10) to a differentiated cell (40),
following treatment with a stimulus or agent (30).

15

Detailed Description of the Invention

Stem cell and embryonic germ cell markers

20
Stem cells are undifferentiated cells characterised by their ability to i) divide
indefinably in vitro and ii) differentiate into various mature cell types. They can be
categorised as pluripotent stem cells which can produce cell types of all three
embryonic germ layers i.e. ecto-, meso-, and endo-dermal. These include

25 embryonic, primordial germ cells (derived from the gonadal ridge) and
reprogrammed induced pluripotent stem cells. Adult stem cells are multipotent

and differentiate along a particular developmental pathway.
Emerging technologies have promised to provide the mean of identifying the

30 markers for the various stages of stem cell differentiation. Each cell type

including stem cells possesses a unique signalling network that is maintained by

20



The initial stages of enbryonic stemcell differentiation involves the
generation of the three enbryonic germlayers i.e. ecto-, nmeso-, and

endo- der D 208¥14834and all termnally differentiated cel PSTEPIGOPIO2d from
these three cell types. Figure 1 shows the differentiation of a stemcell
into a network of devel opnental pathways. 10 The bi omarkers are indicated
in parenthesis in the figure, thus Cct4 is biomarker for enbryonic stem
cells, while Naggin is a biomarker for neural stemcells. Early and |l ate

bi onar kegeéll-gpecifid #ansdriptishakbtegdiatddyusackicSryi vhish besutirik ¢he wRpeission
expressed in the earlal h,?@e of npeur.on l%jrevel opent whi | e NeuN is expressed
at the | gkeelksnagf e JNErefa beggftditterent celh typegdp the, bed¥ 88 t he initi al

extent OﬁeﬁHJJ ﬁi’éé&hbiﬂ%t&?&hb%ﬁe%gloﬁyof%éL%G@d)éeﬁ’@@ Bteeh® fhige fol | owi ng

germ | ayer ers can used. During later stag&s of differentiation nore
cell/ti sbumamtwlyf Abnn&rMe et abr 2008; Brhteomidsrth Pdhi-49%)em cel | markers
[ 1] nog (anti body ab21603) - Specific to earl y enbryos and pl uri pot ent

t I

(EG). Séctﬁ? a1 e s PR T i IRees Rated e he Rane Bl oy ke
[3] SSEAthe(thrdd a%yy@ﬁdéaﬁﬁ)ayer& 806ct6 Nekédd-CadrBhi6dietmantéiBethdall S
expressed 30 earl I n_enbryoni c devel ogment and in pl uri potent stemcells.

[4] Oct 4te(@mallw r&atﬁt@wp"s are gaeved pemdhesadiree C@JJ;SYF&%% ekiighe 1
undi ff er [ 5]
Ra 1. a0 TR ARBRINRIAA of bR al @8 Bk of HEvEBpMdral atways. L5
surfHce ©®he btmmrkea amadmt&ﬂm pandnmeblsyorﬂn@fngmethstst%mbwhaﬂ(er [ 6]
TRA- 1- 81, (ant,i bod b162 -, mar ker n Enbr iC St m and
ot SRS s GafiS whiE NEBETS e oty o ReAlbniegR SV L
cel I s angndlisté Bibrh dkefateyalso illustrated, thus DSS3 is a biomarker which is

expressed in the early stage of neuron development while NeuN is expressed at

the late stages of neuron development.

15
In order to assess the initial extent of differentiation exhibited by a stem cell

population the following gemm layer markers can be used.

During later stages of differentiation more cell/tissue specific markers are used.
20

Embryonic stem cell markers

[1] Nanog (antibody ab21603) - Specific to early embryos and pluripotent stem
cells including mouse and human embryonic stem (ES) and embryonic germ (EG)
25 cells

[2] SOX2 (antibody ab12830) - Embryonic Stem Cell Marker

[3] SSEA4 (antibody ab16287) - Stage-specific embryonic antigen 4 is expressed

30 early in embryonic development and in pluripotent stem cells.
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phases of enbryo devel opment [8] CD133 (anti body ab19898) - A marker for
stem and progenitor cells including neural and enbryonic stemcells 15[ 9]
A2B5 (antwbadip/ape8521) - A2B5 is a cell surface gangli @€T&dR2&0i0035p2
expressed in developing epithelial cells, oligodendrocyte progenitors and

neur oendocrine cells [ 10] PAX6 (antibody ab5790) - A transcription
factor, inportant in the 20 devel opnent of the eye, nose, central nervous
system and pancreas. [11] Integran betal (anti body ab5185) - Stem

Cel I Mar4¢Oct4 (annbbai}]abfzﬁes@prwam@cﬁmmat& e@@?éﬁ@ﬂ t%ya.ﬁﬁdlﬂ@l@htlﬁié@6538) -
Expressed during fetal 25 ?ut devel opnent k1 (anti body

ab7o402)embn/qw¢1§t§@1 egll QBRryonig smftc@ﬂ'% [14] ERAS (anti body
ab67696) - Expressed in enbryonic stem (ES) cells and 30pronotes their in
vitro proliferation and tunorigenicity [15] STELLAR (antibody ab78559) - A
ger m and[5¢ TBRAb+60c(astipod ab 11 6288)i-AReattp withdhe abRgemexpicssedenrtheel | mar ker s

[ 1] X4 dy abl13840) .- Prinordial germ cell rker expressed in the
bvar & RuTect Tyt et tinama AR ol R gRiband SRR EPIS: od 1 n ger m | | ne
cel | fate 10 [3] Stella (antibody ab19878) - Prinordial Germ Cell Marker,
speci fi caI T¥{

A-1-81 (antibody ab16289) - A marker of Human Embryonic Stem, Germ

and Carcinoma Cells

10  [7] Cripto (antibody ab19917) - Expressed both in ES cells and during the early
phases of embryo development
[8] CD133 (antibody ab19898) - A marker for stem and progenitor cells including

neural and embryonic stem cells

15 [9] A2B5 (antibody ab53521) - A2B5 is a cell surface ganglioside epitope
expressed in developing epithelial cells, oligodendrocyte progenitors and

neuroendocrine cells

[10] PAX6 (antibody ab5790) - A transcription factor, important in the
20 development of the eye, nose, central nervous system and pancreas.

[11] Integran beta1 (antibody ab5185) - Stem Cell Marker

[12] CEA Carcino embryonic antigen (antibody ab46538) - Expressed during fetal

25 gut development
[13] Tnk1 (antibody ab70402) — A kinase Of Embryonic Stem Cells

[14] ERAS (antibody ab67696) - Expressed in embryonic stem (ES) cells and
30 promotes their in vitro proliferation and tumorigenicity

22



expressed in prinordial germcells, oocytes, preinplantation enbryos, and
pluripotent cells. 15[4] NANOS2 (anti body abl15731) - Prinordial Germ Cell
Mar ker i mDi20E@eB46n germ cel | devel opnent in both i nvePCERPANIOH0IIN
vertebrates. Mesodermal markers [1] Brachyury (anti body ab20680)
Mesoderm Marker - The earliest indicator of 20 nesoderm formation. Used as
a marker of nesodernmal differentiation. [2] Thx6 (anti body ab30946) -
Expressed in the primtive streak and presomtic nesoderm 25 [3]

TBR2/ Eonpis] 6a@ELiLelribadp4by8559) -bRyehnhaind embiyonid stenseall gririapedf act or
that is expressed by internediate progenitor cells during devel opment [4]
PHOX2A aP@®IB (anti body ab54847 and abl12047 respectively) - Honeoboxlike
transcription factors involved in the devel opnent of several nmjor neuron
30popul ati ons [5] PRRX1 and 2 (anti body ab67631 and ab77655) - Menbers of
t he Efir H f ' orfl AP 9@% pr ot ei ns [6] MESDC2 (antibody ab68809) -
Essernti a f nouse enbryonic 5Spolarity [7] Mespl and 2
(ant i bodyl] @XM (ahtibody aib2 3833) + Remeediahgdnn cell iMasiadaxpresseddnitos 1/ 2 are
transcription factors with a role in segnentation/patterning in the
anterior ‘}fﬁ%%s@ﬁ'ﬁ c mesoderm 10 [8] MERL and 3 (antibody ab26254 and
ab69877 respectively) - Menbers of nesoderminduction early response gene
famly. Eﬂi}: SNAI L (anti body abl7732? - Transcription factor indispensable
for meso magdibs fantinndyiad 15592) - Implicated in germ line cell fate

10

[3] Stella (antibody ab19878) - Primordial Germ Cell Marker, specifically
expressed in primordial germ cells, oocytes, preimplantation embryos, and

pluripotent cells.

15 [4] NANOSZ2 (antibody ab15731) - Primordial Germ Cell Marker implicated in

germ cell development in both invertebrates and vertebrates.

Mesodermal markers

[1] Brachyury (antibody ab20680) Mesoderm Marker - The earliest indicator of

20 mesoderm formation. Used as a marker of mesodermal differentiation.

[2] Tbx6 (antibody ab30946) - Expressed in the primitive streak and presomitic

mesoderm.

25 [3] TBR2/Eomes (antibody ab23345) - T box brain 2 is a transcription factor that

is expressed by intermediate progenitor cells during development

[4] PHOX2A and 2B (antibody ab54847 and ab12047 respectively) - Homeobox-
like transcription factors involved in the development of several major neuron

30 populations
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Ect odermal markers EED (anti body ab4469) -A Pol yconb-group famly invol ved
in maintaining the transcriptional repressive state of genes. Expressed
during ESVO@p10/dbp¥Hberentiati on. 20 TIF1 gamma (anti body PEBFRIUPHY3762
Functions in cell differentiation and devel opment, playing a role in
differentiation of hematopoietic cells. KLH25 (anti body ab55953) -

Ect odermal neural cortex protein 25EDA (ab54386) - Belongs to the tunor
necrosis factor famly, involved in cell-cell signalling during the

devel opnE) PREX £ahadeaftbo®y 886563 RS abANé53)cdembep9aithe-pdiedect s cause
of ectodermal dyspl asias which constitute a group of devel opnent al

di sor der @mifyrefdlamgphaxqygtein®f ect oder mal 30origin. ENC1 (anti body ab56348)
- Ectoderm neural cortex protein 1 EDAR (anti body ab56803) - Ectodyspl asin
A receptor 5 SOSTDCl (anti body ab56079) - Involved in the onset of

endonet r j[GAMESDERt(aniitadyf ay68809) akissential fersprdfication oh nMiauset érebyevicdual

cel | V{eeacti 0{1 NCAM (anti body ab6123) - Expressed on neuroect oder mal
derived RYPMY i nes, tissues and neopl asm such as retinobl ast oma,

medul | obl ast ona, astrocytomas 10 and neurobl ast oma CDO9 (anti body ab8855) -
Expression of CD99 is a characteristic of cells from ve peri pheral

et
neur oect Hdétemm! anshd (Ariibod @bd e Pid andeatds’ §3I§fﬂq0ti’(ﬁbgr' I(Vgﬁo:dﬁfmy ab833) -
Ki 67 ant ,g8RribS1/oMre RaALANRINTaRIS WithG fold §l 8&flentation/patterning in the

anterior pre-somitic mesoderm.
10 [8] MIER1 and 3 (antibody ab26254 and ab69877 respectively) - Members of

mesoderm induction eary response gene family.

[9] SNAIL (antibody ab17732) - Transcription factor indispensable for mesoderm
formation
15

Ectodermal markers

EED (antibody ab4469) -A Polycomb-group family involved in maintaining the

transcriptional repressive state of genes. Expressed during ES cell differentiation.

20 TIF1 gamma (antibody ab333475) - Functions in cell differentiation and

development, playing a role in differentiation of hematopoietic cells.
KLH25 (antibody ab55953) - Ectodermal neural cortex protein

25 EDA (ab54386) - Belongs to the tumor necrosis factor family, involved in cell-cell

signalling during the development of ectodermal organs.
GJB6 (antibody ab59927) - Defects cause of ectodermal dysplasias which

constitute a group of developmental disorders affecting tissues of ectodermal

30 origin.
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nucl ear protein, expressed by proliferating cells in all phases of the
active cell cycle [2] Rb (antibody 2G5, abl116) - A tunor suppressor
gene, furk0i201g14836a 20negati ve regul ator of the cell cPET&P2§1BJOXZG2|in 1,2
and 3 (anti body ab1868, ab1870 and ab1871 respectively) - nesodernm

mar kers 25[4] Cyclin E and E2 (anti body ab1108 and abl1110 respectively)
Cyclin Eis a regulatory subunit of Cdk2 and controls C / S transition
during the mammalian cell cycle. Cardiomvocvte differentiation 30Protocols
to i) achNeve(amtibb8y ap56348)arEctbderm ﬁbhmb@ﬁeﬂﬁﬁ@éim and iii) cardionyocyte
markers The differentiation of progenitor cells into cardionyocytes is
possible utilizing well characterized and published protocols such as those

descri be t ) e 299, 165-167, Smth, S. C
et al., %%g ﬁ%%@{)%éﬁ@ﬁy@w#t&iyéﬂﬁ%ﬁ@%&%nd Puceat, M 2008, Met hods,
45, 168-171. Using these protocols it is possible to generate

car di ony ro luri - | ti-pptent progenitor cel|s such, as

eror yon: SOSTLIR hRAERRy 20sefy Sbr vt i BrBEaD el e diras Bl facBPBY Nouse
P19 deri W%F&rn«thtwwmymtiéﬂPdr&hé@el_cﬁm_l Eelfdéedionul ti - pot ent enbryonic
carcinoma cells which differentiate in vitro into contracting

cardi onyocytes when grown in the presence of DVSO [ McBurney, MW (1993)

Int. J. i y/ 1 } i LAt achi eved by
usi ng’ et Fylbodyfab63) Eprestili oy EpapaLRh 3 R0 cofl iAES, O
165- 167 tsmieSrandnedplasin suah as retiv@pstoda, CeddullBbisstarha, d8dqcyiotm@sl. 15P19
cel 'f are 8ommr(fi ql I Y avail able from ATCC (cat. no. CRP-1825).
0 — and neuroblastom
CD99 (antibody ab8855) - Expression of CD99 is a characteristic of cells from

primitive peripheral neuroectodermal tumours.

Endodermal markers

15 [1] Ki67 (antibody ab833) - Ki67 antigen is the prototypic cell cycle related
nuclear protein, expressed by proliferating cells in all phases of the active cell

cycle-

[2] Rb (antibody 2G5, ab1116) - A tumor suppressor gene, functions as a
20 negative regulator of the cell cycle

[3] Cullin 1, 2 and 3 (antibody ab1868, ab1870 and ab1871 respectively) -

mesodermal markers
25 [4] Cyclin E and E2 (antibody ab1108 and ab1110 respectively) Cyclin E is a
regulatory subunit of Cdk2 and controls G1/ S transition during the mammalian

cell cycle.

Cardiomyocyvte differentiation

30 Protocols to i) achieve differentiation, ii) inhibitor details and iii) cardiomyocyte

markers
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The "bul k cul ture"” nethod descri bed by McBuney, MW etal., (1982), briefly
i nvol ves growi ng the P19 cells at 37C in a water-saturated atnosphere, 5.0
- 7.5% CORO2019/1@R medi um cont ai ni ng 15% (v/v) heat - i n&€TiBP21840F76%1 al
calf 20serum 50 pg/m streptonycin, 50 units/m penicillin,

p- mer capt oet hanol (100 nM and pyruvate (1 mM). Logarithm cally grow ng
cells are sub-cultured into differentiation nedium (growth nedi um

cont ai ni ng 20% heat -i nactivated foetal calf serum and supplenmented with 1%
DMSO) at 2 x104 cells per m in a 100 mmUtra |ow binding cell culture

di sh (Corning Cat. no. 3282 After four days the 25cel |l aggregat es are

t r ansf er § B8 dffferantiadionehpragerjtericeds into cardigmyoeytes is kassiblg uttizingyel!

cont ai ni &%%E%?.Qeé'ahﬁedmghé& g%’{o@ag'suﬂhla@%é &;@{Bgrd tBArmey,

cardi onyocytes appear 1n th ggregates - posureto the
di f f er enM.\0k iedal. n(é@Ba)nM'atdrﬂm) 16018 heSrmiiangi (agetdn‘ oﬂQ&ﬁth@EIH or

ol % ToBbiepLar 488 arh ik 20ARYRGRR, ABa e 17 BRI W et al .
(1982). bﬂit@étﬂélt |§ﬁ0§3ﬂ@l@5wfg%nbﬁatbh§ardibﬁfy©&ﬁ@§lff@ﬁ'rh plurfeddunulapbtéSO,  snal I

volumes of cells are transferred to the roof of a 100 nm Corning Utra | ow
bi ndi ng R@IENERN ¢gllssughsas embrygmigearcinomrane e calls huni di fi ed at nosphere
they are inverted over a solution of PBS. On day 4, the 5 differentiation
medi um i s exchanged and approxi mately on day 6 beating cardi omyocytes
appear. Cardjbmwodetdéffeibnﬁmimn{-nﬂauselﬁ’w derived @ardiogtyonytes! | deri ved

dj f ff
ot enl Cot PRl afemuShitlipotdlt dfuBhi i bR i it Al iacenr -
25, e st e o e gror st 9S04
BS1 cel | INGBHEPaUMNa 03 It DB Wl 3%, 951 90Y s Alede Etop, cagy 3i
2006, Depe aERicved b ﬁfsﬁfg%%thao% J&%n%ewqmsum\églwaﬁ/ thgr. g@pgpat i on of

cel lul ar aggregates (al’so known as enbryoid bodies) to initiate
di f f er enNatire @¥9add110é anseSofithgbou ¢f a‘/aéﬂﬁ@ 4.celhiBhysiel. A&, 74-84.

di {61 enbiygt 06l B4 GRE0GK QYo BH AT (biaoRadliR By ot ocol i

appl icab erem I'on o use an huran’”enbryoni ¢ stem
cells. 20 The nmajor difference between propagati on of nobuse and hurran

??E;ggp;‘gpe}é@gh% llér% Ipietﬁﬂgpﬁgc Se?d 83(/3 c%u?r?eny, V\I?r Otpaa)g? géjZ)Wbrlef

involves growing the P19 cells at 37°C in a water-saturated atmosphere, 5.0 -

7.5% CO,, in RPMI medium containing 15% (v/v) heat-inactivated foetal calf

20  serum, 50 pg/ml streptomycin, 50 units/mi penicillin, B-mercaptoethanol (100 nM)
and pyruvate (1 mM). Logarithmically growing cells are sub-cultured into
differentiation medium (growth medium containing 20% heat-inactivated foetal
calf serum and supplemented with 1% DMSO) at 2 x104 cells per ml in a 100
mm Ultra low binding cell culture dish (Corning Cat. no. 3282). After four days the

25 cell aggregates are transferred to a 100 mm Falcon tissue cuiture dish (Cat no.
353003) containing fresh differentiation medium lacking DMSO. Beating
cardiomyocytes appear in the aggregates ~ 6 days after exposure to the
differentiation medium and DMSO.

30 The “hanging drop” method for differentiating P19 cells into cardiomyocytes
described by Smith, S.C. et al., (1987) is similar to the bulk culture method of
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presence of |eukaem a inhibitory factor while human cells traditionally
require feeder cells and FGF2 to nmaintain pluripotency. 25 Logarithmcally
growi ng s0Le1gdPIgoni c stem cell s are exposed 24 hrs pPCHEPROOOHBITAENCI NY
the differentiation process to 2.5 ng per m reconbi nant human BMP2
(I'nvitrogen) in propagation medi um Propagation medi um consists of BHK21
medi um (I nvitrogen), streptonycin (50 pg/m), penicillin (50 units/m), non
essential amno acids (1 nV), sodium pyruvate (1 nV, glutamne (1 nv, 30

ner capt oglcBafdy, MO0 g1l (fga@t)ahowabér Sﬁrebk éJre&%tMéw)ffe'teduatmorrbi nant
| eukaem a i nhibitory fact or uni t per sub-cul turi n'g the cell s,
2

are di sfﬁéﬂﬁ@&ia(‘ﬂ@"ﬂﬁg Ismaéﬂt‘@“ﬂ'ﬁésQéﬁ@*sa@ﬁedfﬁ’tﬁferé%ﬁ‘%/medo%ﬁ 490 harvest ed
by a lo lds per m in
a1 £ er onTEr G AR BOP Gl RS W TR altaiR O KICR 9 2 cki ng
r econbi rianmldlfmd@tmnwhe@tftaytarejnﬁatﬁdnmver@mlehmnofaElB\‘En On @0L4 (thev) foet al
al f ser mani atio erf d t 37C and 5-7.5% C2.
The cor | Spetptas mestuBdn eithdgesing drRimateNin foy BiBatfers  do of a
100 mm CeirBiondyddytestappsrbi nding cel I culture dish. PBS is dispensed into
the base to prevéent evaporation. Enbryoid body formation is allowed to
proceed for 48 hr. After which tinme all the enbryoid bodies are gently
re-suspended in 10 ml 10 differentiation medi umand i ncubated for a further

72 hr. Qg]agﬁm@ocgg 'ﬁ@ﬁﬁé}@?\lb@ %?’Aﬁ@g%%te_‘i@%ﬁ%e?%&cEPdi&%Q%Q_ﬁQs”mt' ssue
culture ocytes

shoulad aPrtacolafdrehe differdayationTdfehg enmurs erabryohidsteancel hiesoOGR8s Rdm cel |

d d yt 15 t | | th I

16 e AS e D EeReaped rradetil sticeal dhahod, AheEs A5A6s e nal ogy)
are cul tyr eCORgEHY R‘P%@c@ﬁ%é’r@ﬁill afvhhméﬂfr@m ECATOYCEh@Of o7b3ra0y
propagati on nedi um - | nvi trogen pl emented wi th mercaptoet hanol

(100 nMangATCE Gat. (lq WC ﬂnéﬂﬂ)ef%@ﬁ@twﬂy érﬂﬁer%sé@pugn@ wasigescripgds (v/ v)
KOSR ser yum replacenBit, (FANLadingen) .And -basnaLl! c20 14 egperBihnant human FGR2

(i nvitrogen) . —The -8 Runan enbryonic atemcell Tine 15 approved by the
Nl H.15To differentiate the 1-6 cells into cardi orryocytes the cells are
exposed atl |umvv| a ced con ration of KOSR serum
Fopl acentie PEBgadpAsS B SRtk Sroalb RS b iR At 10 ngi
BVMP2, ansmbRpid-6bdiesaeinitiate tiffeiréntiation ddedhe usé d?@ro@ih' facegsesn Cat . no.
572630) for 48 hr. Human enbteﬁym d bodi es are generated as described above

usi ng siimRArare gratiferniiation effdencydowgréa Oﬁéq'aﬁlhf’?@g%rﬁhea@'ioff&qlﬂﬁjse cel l's.
After 1-8 8GRhbie for the differentiation of both mouse and human embryonic stem cells.

20  The major difference between propagation of mouse and human embryonic stem
cells is that mouse cells can be propagated without fibroblast feeder cells in the
presence of leukaemia inhibitory factor while human cells traditionally require
feeder cells and FGF2 to maintain pluripotency.

25  Logarithmically growing mouse embryonic stem cells are exposed 24 hrs prior to
commencing the differentiation process to 2.5 ng per ml recombinant human
BMP2 (Invitrogen) in propagation medium. Propagation medium consists of
BHK21 medium (Invitrogen), streptomycin (50 ug/ml), penicillin (50 units/ml), non
essential amino acids (1 mM), sodium pyruvate (1 mM), glutamine (1 mM),

30 mercaptoethanol (100 nM), foetal calf serum (7.5% v/v) and recombinant

leukaemia inhibitory factor (1 unit per ml). On sub-culturing the celis, are
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30enzymati c di ssociation using coll agenase CLS2 (I nvitrogen) the cells are
re- suspended in KO DVEM nedi um suppl enented with 5% KOSR serum

repl acenaWo 2ovieaboet hanol (100 nM, glutamne (1 nmV) REAWEPANLH8IENt i al
amno acids (1 mV) and transferred to Corning Utra | ow binding cell
culture dish to facilitate cell aggregation. Beating human card iomyocytes
are observed after 2 weeks. 5 Recently a serumfree suspension culture

nmet hod based upon the co-culture of human enbryonic stemcells (hES2 and

hES3) Wi #ikperiegqtefadiitaethé igenerion ofedmisryvidbatites)) hbedsted amewy C. L. et
al ., 2007 Curr Protoc Stem Cell Bi ol Chagt 8r 1 Unitmg[l,:. ngand Mimmery C. L.
(2007) copeRrbeagItiugatian engreryspended ah2a. 800 sels PEST &1 pifererdiadignt ure of

Humen St i rﬁ@ﬁﬁéoﬁl ion M@&ufFidekingEEsMBhaR leukasipey. G N
and Auerﬁ{aggﬁd,%m Thi s prgtr% \%gs ulrjérﬁer Iggépt ed b)? Gegig en et al.
2008 Di f inhibdtory tactarrsuple3Bgntadovitro?0 Yo/ W) $eetaf catpsruor|All eadindi t i oned

medi u Bot h t hods invol ved t ener.at,i enbryoi d bodi es as

previ u_sWnH)éE%H"Seade P of'ﬁ'ﬁﬂ_tﬂt%??@ a(S‘P %Zr%igi%ocyt e differentiation

Expr essi PRe eblisTBoDg ariSHRpensed R0 {haliquds ohhe tkeuddesigestyd €00 mm
differentiation of P19 cells. The phos hg{§yj ation of HSP25 by the p38

pat hway CorMinGWHra @%Binﬂiﬁﬂﬁqlh‘fﬂlf%ﬂi%@r’ 5 1§ epensedriniachediase tonhi bi ti on
of Lhe PaRvBAL BYoraor. nBRR] body fimalbh B bRSwetPidBrdel 16 A nas been

shown to prevent nmouse P19 ferentiation 1nto cardi onycocytes
[ Davi dsoAfteSwMch&ini ath titge emitiryqid bodjesGare . geBitlp Ire-spspendetbini8®inl I n this

car dlhc. HBleaauEs A RRSER e S o8 BneTuBlel excton
of car di pedias v prited 8hto PalcortioDun®ttissup epltudedibiieREo B .wilb0.1%

gelatine. Beating mouse cardiomyocytes should appear after ~ 7 days.

The generation of human embryonic stem cell derived cardiomyocytes involves
15 the following, logarithmically growing i-6 human embryonic stem cells (Technion
— Israel Institute of Technology) are cultured on E14 mouse embryonic fibroblasts
using the following propagation medium - KO-DMEM (Invitrogen) supplemented
with mercaptoethanol (100 nM), glutamine (1 mM), non-essential amino acids (1
mM) , 15% (v/v) KOSR serum replacement (Invitrogen) and 10 ng/ml
20 recombinant human FGF2 (invitrogen). The I-6 human embryonic stem cell line is

approved by the NIH.

To differentiate the I-6 cells into cardiomyocytes, the cells are exposed to

propagation medium with a reduced concentration of KOSR serum replacement
25 (5% v/v) and lacking FGF2 but supplemented with 10 ng/ml BMP2, and the FGF2

receptor inhibitor SU5402 (1 uM, Calbiochem Cat. no. §72630) for 48 hr.

Human embryoid bodies are generated as described above using similar
protocols to those designed for differentiating mouse cells. After 1-6 cell

30 enzymatic dissociation using collagenase CLS2 (Invitrogen) the cells are re-
suspended in KO-DMEM medium supplemented with 5% KOSR serum
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SB 203580 [4-(4"-fluorophenyl)-2-(4"-nmethyl sul finylphenyl)-5-(4"-pyridyl)

i mdazole] is commercially available fromPronmega (Cat. no. V1161). It is a
speci fi c,Woab10/igé&¥feabl e i nhi bitor of MAP ki nase honol o§GE&£PRE8&037p383 and
p3832. SB 203580 has no significant effect on the activities of ERKs, JNKs,
p38y 30 or p386. Gaichen, R et al., (2008) Differentiation, 76, 357-370
have denonstrated that SB 203580 at 1 - 10 pM actually enhances the
generation of cardi omyocytes from hunman enbryonic stemcells. However

i ncr easi fag|ddeph il MtdBhp@etimol 10EnP glugf@he ¢amM) brduoasedsbatialuber of

cardi onyocytes and differentiation was 5 con‘E)I etely bl ocked at 25§IE)
Ther ef or@minecagids ct mdh) and Lansfegsddo 5—}%@'&93‘-’ rg lpw %Qﬁ'ﬂg sphevluregigh dose

depende -effect
For - anor RaPCERE pRbhReleRaRo R Re B AL Eh S5 Thak LSS 20 PaNEr AR 1
foll ow nz;]weeksbi tors of human enbryonic stemcell cardi onyocyte

diff%(r)enti ation - 5B216763 (10-25 pM GSK-3 i nhi bitor) PD098059 (5 - 25
pM MAPKK i nhi bi t or ani sonycin 01-100 JNI APK a

DOt i vat CREGON BT ITES S URE AR ST SR e bR SSIUBS o prc

activat ofmane Ki€-stem Eefls S Eadd hE@@%ﬂ?ﬁ{ougg@\do@bhﬁmké MNb2tors of

cardi onyocyte differentiation include t | ow ng he 15 sodi um proton

exchangegells wag-gagcribedi i Momrerye? $8et a/a,SZQiHn@HB'tF?fQi%‘dSW Ceil Bigl. et al .
2008 0
f:ar di Zmysgcg?t\gpawﬁ]g? %ﬁ?@?&gﬁ%ﬁ rY(rrébu% e(2§§g?C%gcﬂ§m§{8cthmanérEnﬁé‘tf‘on '

I'C’ carcl noma cePIs during
DVSQQ ndimehantES tells. ¥ Cattusd of HuDAG[teAnCells, Gﬂa{ﬂem pHBart108 (Ecis. Physi ol .

196, 1, 159-170 de nstr S | ar res MPYUSE g8 ryoni c stem
cel | 1inEeshnesRy éeﬁ%g\?ﬁ’\ﬁg{é\éerbﬁﬁ? JWT@%&@&? Wgﬁﬂﬂ'ﬁﬁ) bl ocks the
di ffer enédi%&té@'byqﬁramié‘iﬁembzowome‘aémmt@ﬂl7|6535mvarfar themset FEN BRI nz, F.,

et al., . Cell Res 247 79- 83 The ority. of these
i nhi bi to@%ﬂ %qwfmﬂ%neﬂwm ﬁcaban¢taaﬂélm@ive@><tameélerat%\ EZ0RR0l (M 11 pore
Cat. no., J9-1 ImI,_K))(g940.(.12 LBronega V1201), SB216763 and ani sonycin (Tocris

Bi osci ence ‘éatdb nos. 1616 and 1290 respectively). The effect of inhibitors
(andixhem cal s, drugs or cosnetics) such as SB 203580 etc., on cardi ac

devel Opnﬁrr]]tlblt%rs oPcarg%%\;oocere d%renr}raatlgr ogenitor stem cell
Expression of mouse HSP25 is important for the cardiomyocyte differentiation of
P19 cells. The phosphorylation of HSP25 by the p38 pathway is known to be
important for certain of its functions. Inhibition of the p38 pathway by the specific
20 inhibitor SB203580 (10 uM) has been shown to prevent mouse P19 cell
differentiation into cardiomycocytes [Davidson, S.M. & Norange, M. (2000) Dev.

Biol, 218, 146-160]. In this study differentiation was assessed by monitoring the
presence of a single cardiac marker, cardiac-actin by immuno-histochemistry and

the expression of cardiac-actin and atrial natriuretic peptide by RT-PCR.

25
SB 203580 [4-(4 -fluorophenyl)-2-(4 -methylsulfinylphenyl)-5-(4"-pyridyl)
imidazole] is commercially available from Promega (Cat. no. V1161). ltis a
specific, cell-permeable inhibitor of MAP kinase homologues p38a, p38 and
p38B2. SB 203580 has no significant effect on the activities of ERKs, JNKs, p38y
30 orp38d.
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30differentiation. Progenitor cells are exposed to the inhibitor and the
effect on the cellular devel opnental process is assessed by nonitoring the
ext ent ofwodpnfof@pant i ati on by neasuring the expression SCTEPRIVOIFSLE
specific markers associated with the differentiated cell type by techniques
such as quantitative i muno-cytochem stry which are well known by the
skilled person. 5Figure 2 illustrates one enbodi nent of the nethod of the

i nvention in which the effects of a chem cal (20) are evaluated on the

di ff er enGraithem Rfeta., wobd)mfferintiaties 78, 887c3Hd hdiddemenstratetifteaent i at ed
cel | (4%5 followng treatnent with a stinulus or agent (30) by neasuring

t he | evePB 283580 atégsio pivb astuntiiapbasces the generation of cardipmya@igel | (10)
b i cal far. t
may be expasftnhf ef('rgn‘g)r&mmg %ﬁrﬂicegg.q)ioﬁgvé?pﬁcr%ggfng?ﬁ&%Bn%lﬁ}gftwfrﬁo 1 a

stinmulus or agent nduces diftferentr dation. r exanmple, in
t he cont piktdramatieally cduces tiee dembleo pfreardjoryacypes and didferetisgionsvad a dr ug

hem cal t i_f f tiati f t 0) int
orr i oy cappleteh siote S @sun Fableire e Bindieh i) Sefgbsaddatrdas T Breast tvo
bi or mar kgth dpefednd dodd'@eéRiBr €T hedelith6Fs #1986 deaibrRekted 4 4Mmilat7) . 15
Mar kers i ndicative of cardi ac devel ogrrent i nclude the follow ng, (the

sour ce oforgantiatian effeetiomanetharpp8NaPikimse inhibtonsE2872188. ThavealsPso
Cant 1 bodiePer8e feowifd)Hilore hiran dRobbhic HBmCAN IR T oay
ab76689) differerttiatios € SB2 1676 3f (4 0t28 uMh&SK-8 irhipiters sR0980ENEe neseMlioder m and
SUbSF@ueMAﬁkk Pnhtllg]lForf %%?s%%%iﬁ r('(51.0i1 p‘t oo Wgﬁﬁk?s/&aﬁ%%%rp@8 activator), ATA
(0.01-100 uM, JAK2/STATS activator), FTT 0.01-100 uM, PKC activator) and
OAG (0.01-100 pM, Ca2+ -dependent PKC).

Other inhibitors of cardiomyocyte differentiation include the following. The

15  sodium/proton exchanger 1 (NHE1) inhibitor EMD87580 was demonstrated by
Lei, L. et al., (2008) Shen Wu Gong Xue Bao, 24. (10), 1790-1795 to inhibit the
cardiomyocyte differentiation of mouse P19 embryonic carcinoma cells during
DMSO induction. Li, X. et al., (2009) Am. J. Physiol. Heart Circ. Physiol., 196, 1,
159-170 demonstrated similar results in the mouse embryonic stem cell line

20 CGRS8. The PI-3-kinase inhibitor LY294002 (50 pM) blocks the differentiation of
mouse embryonic stem cells to cardiomyotes [Klinz, F., et al., (1999), Exp. Cell
Res., 247, (1), 79-83].

The majority of these inhibitors are commercially available for example ~
25 SB202190 (Millipore Cat. no. 19-134), LY294002 (Promega V1201), SB216763

and anisomycin (Tocris Bioscience Cat. nos. 1616 and 1290 respectively).

The effect of inhibitors (and chemicals, drugs or cosmetics) such as SB 203580
etc., on cardiac development can be monitored during progenitor stem cell
30 differentiation. Progenitor cells are exposed to the inhibitor and the effect on the

cellular developmental process is assessed by monitoring the extent of
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25[ 3] Scal (antibody D7, ab25031) - It is expressed on mnulti potent

hemat opoi etic stemcells. Markers of cardi omvocvte precursor cells [1]
ALPK3 (arwpDRotyi4a3367526) - Plays a role in cardi omyocyt @CHIEPREOOMTOAL | ON.
30 [2] Periostin (antibody abl14041) - Expressed in the enbryonic and fetal
heart, localized to the endocardial cushions that ultimately divide the
primtive heart tube into a four-chanbers. 5 [3] Mespl (anti body ab77013) -
Mespl is expressed in nmany of the precursors of the cardiovascul ar system

and is Keeereritiation ey rﬁeésurmgltneté&grésrsizﬁeéﬁcecmtus@aéciapa@mmmﬁmia@@enesI s 10
Car di omvocves - ear é mar ker's h Nkx2.5 anti body (Abacm - ab35842) -
e

Expr esse@ssasiaied withr ﬁﬁﬁfﬁf‘@ﬁ’@%% dyrRenly mv@ml as qugnifatigocar di n
ant i body; rﬁrﬁpgég- r?gﬁemlstﬁp\gﬁféﬁ%re wéWMrpb)étﬂeenglll?a Eérthe 15expression of a

set of car snoot’h nmuscl e-specitic genes. ys a crucial role in
cardi ogenesis and differentiation of the snmooth nuscle ceII | i neage. [ 3]

GATAA i body . 7 t fact | ved
car di‘ne GIOUE SIVETERT SRS eqbeBBenyPhag miesbpdgr e Bherthn fiefon ey, ccs '
i nduced gf@eél@Bffa%hBhﬁf(%'(Q@) are SlGHtag onlHe YiMabhtiatiercofaarcel | types.  [4]
MVEF2C (anti body ab43796) - A transcription activator controlling cardiac

nor phogevrdiffereatiatesddgeriali @ 0) ima differantiged eb (4@ fellowing ragtaettevel opnent .
25ar chi (g aram g b B PR By AR SR S5l B B e ot or
pl ays an(1ésd6ranidad7)r dihe stameeell (1 0¢ avayi lm:exqmqﬂddgethes:hemlctai (20)ebefdid t, it is
' equid' ecIor after e)J?)E)garsel % (s)tflmﬁ ursdc;r%cge%Pféﬁ) whicl? ndices differentiation. Thus,
for example, in the context of cardiomyocyte development, the potential effects of
a drug or chemical (20) on the differentiation of a stem cell (10) into a
cardiomyocyte (40) can be evaluated by measuring the levels of at least two
biormarkers present in the stem cell (15) or cardiomyocyte (45, 47).
15

Markers indicative of cardiac development include the following, (the source of

antibodies commercially available from Abcam Inc. are also described):

Cardiac stem cell markers

20  [1] Hyaluronan synthase 1 (antibody ab75329) - Implicated in heart development.

[2] OSR1 (antibody ab76689) - A transcription factor that is expressed in the
mesendoderm and subsequently in the endoderm and intermediate mesoderm.

25 [3] Sca1 (antibody D7, ab25031) - It is expressed on multipotent hematopoietic

stem cells.

Markers of cardiomyocyte precursor cells
[1] ALPK3 (antibody ab57526) - Plays a role in cardiomyocyte differentiation.

30
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30 [6] IRX4 (antibody ab56032) - Expressed in the heart during

devel opnent. [7] TBX5 (anti body (abl18531) - TBX5 may play a role in heart
devel opmeWw0.2010@HI3MBX 20 (anti body ab42468) - Expressed i RCTHR2e1808376Di1 ng
heart. 5 [9] Transcription factor 25 (anti body ab67762) - Acts as a
transcriptional repressor of SRF in vitro and hence may play a role in
heart devel opnent. 10 Cardi onvocves - late markers [1] Cardiac Troponin T
anti body (AbcamlInc. - 1Cl1, ab8295) - Expressed only in mnyocardi um

car di ac blmasnn (aritbod@ablioponyEspresSed iH he sibydnic arid fdtdl Haaphoni n

conpl ex. {2 Cardi ac. Troponin | anti baody gAbcam Inc. -28419C7, abl9615) -
Tr oponi nlocalizedytgrthe gndgcagtial cyigBions t’é@)trﬁm"@ﬁ aly diyideytherPrimiye Ngatt role in
the regu i I rs@nd cardiac muscle contraction. [ 3] Heavy
chain cal |a{ﬁ@r\£f)qs@n@‘gﬁ§ ody (AbcamInc. - 3-48, abl5) - Cardiac 20 MHC
exi sts as two isoforns, al pha-cardiac and beta-cardiac MHC. Both are

h N o) d d t f
Ca" N st s iaRHEeY P R Ruder et Pres Cestimaraty o MrPer oRird o1 o o
t wo heavmecémuv@sagmaff erni diit is khaivasto py@n dp Vanh rblelif they prddesk i Bardidai n |
(Abcam Inc. - 25 M_Mb2 ab680) and Cardi ac Myosin light chain 11LC 14,

ab50080 MEsph Q@ﬁﬂ?ﬁﬁ nght Chain 2 antibody (AbcamInc. - ab48003) - Nyosin
Light Chain 2 is associated with cardiac myosin beta heavy chain. 30 [6]
Cardi ac FABP anti body (AbcamInc. - 67D3, abl6916) - Expressed in cardiac
nmuscle tissue and in significantly | ower concentration in skeletal nuscles.

10 Cardiomyocyes - early markers
[1] Nkx2.5 antibody (Abacm - ab35842) - Expressed in both the myocardium and
the endocardium..

[2] Myocardin antibody (Abcam Inc. - ab22621) - Myocardin regulates the
15 expression of a set of cardiac and smooth muscle-specific genes. It plays a

crucial role in cardiogenesis and differentiation of the smooth muscle cell lineage.

[3] GATA4 antibody (Abcam Inc. - ab61170) - A transcription factor involved in
cardiac development, lays a role in regulating basal, agonist or stress induced
20 gene expression in cardiac and smooth muscle cell types.

[4] MEF2C (antibody ab43796) - A transcription activator controlling cardiac
morphogenesis and myogenesis, and is also involved in vascular development. It
may also be involved in neurogenesis and in the development of cottical

25 architecture

[5] HAND1 (antibody ab52767) - A transcription regulator, plays an essential role
in early cardiac morphogenesis. In the adult, it is required for expression of
cardiac-specific genes.

30
[6] IRX4 (antibody ab56032) - Expressed in the heart during development.
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[ 7] al pha sarconmeric Actin antibody (5C5, ab7799) - Al pha actin is one of
the isofornms of Actin. In vertebrates there are three groups of actin

i sof or me:WRI2BHWAI49HEt a and gamma. The al pha actins are f 8GREPRHIMATE6? e
tissues and are a mmjor 5constituent of the contractile apparatus. This
anti body reacts with a-cardiac nuscle actin. Ventricular markers [ 1]
BMP10 (anti body ab34962) - An essential conponent in nodul ating
10car di omyocyte proliferation and maturati on during cardiac ventricul ar
devel opnment. [2] HAND2 (antibody ab56590) - Expressed in the devel oping

ventri culgr rs .a a ential role.in cardi ac norphogenesis.
15 SarcokﬁrT@Shﬁg%'&Qdy?%‘PéSﬁﬁéémmﬂV Afeledn ﬁ‘eéﬁtqdedSE%P”Qcham I nc. -
EA-53, ab9465) - ACTN2 encodes a nuscl e-specific, al pha actinin isoform
that is expressed in both skeletal and cardiac nuscles. Located at Z |lines
and dot s[8]7bxRPdantifadycats 2468y Gxprassedin tie dewrloping heiaelh et al nuscle. 20
[ 2] S;rum Response Factor (antibody ab36747)- A cardiac enriched
transcription factor that is required for the appearance of beating

sgr t orre; [ Tranddriptibadadtor f25 (&ntiteydycaBdizae) mbt?§a tr[ah]scdiﬂﬁhéafa( ant i bIOdy
ab70133) - Transcrjption factor, an i rtant determ nant of mammalian
heart  delRATBHIRI SRE Im WD FNAdincs may Playsa oIa s Bog feveippRiestr i pt i on
factor, required for heart 30 devel opnent. [3] MEF2 fam |y of
transcription factors

10 Cardiomyocyes - late markers

[1] Cardiac Troponin T antibody (Abcam Inc. - 1C11, ab8295) - Expressed only in
myocardium, cardiac Troponin T is the tropomyosin binding subunit of the

troponin complex.

15 [2] Cardiac Troponin | antibody (Abcam Inc. - 28419C7, ab19615) - Troponin | is
part of a heteromeric complex playing an important role in the regulation of

skeletal and cardiac muscle contraction.

[3] Heavy chain cardiac Myosin antibody (Abcam Inc. - 3-48, ab15) - Cardiac
20 MHC exists as two isoforms, alpha-cardiac and beta-cardiac MHC. Both are

expressed in the human heart, beta-cardiac MHC being the predominant form.

[4] Myosin light chain antibodies (& 1LC-14, ab50080) - Myosin consists of two
heavy chains and four light chains. Ventricle myosin light chain | (Abcam Inc. -
25 MLM527, ab680) and Cardiac Myosin light chain 11LC-14, ab50080

[5] Myosin Light Chain 2 antibody (Abcam Inc. - ab48003) - Myosin Light Chain 2

is associated with cardiac myosin beta heavy chain.

30 [6] Cardiac FABP antibody (Abcam Inc. - 67D3, ab16916) - Expressed in cardiac

muscle tissue and in significantly lower concentration in skeletal muscles.

33



MVEF2A (anti body ab55547) - Has key roles in cardiac and skeletal nuscle
devel opnent MEF2B (anti body ab55565) - Reqgul ate expressions of many nuscle
rel at ed SyOrrey/doFong devel opnent. I nvolved in differenPCatEPANOOH3I7T62rt ai N
neur ogeni c cells. MEF2D (anti body ab43797) - Present in undifferentiated
nyobl ast suggesing that it may play a role in the very early stages of
myogeni ¢ devel opnent. Involved in the differentiation of nyogenic and al so
sonme neurogenic cells. 10 [4] Phosphol anban anti body (Abcam Inc. - 2D12,
ab2865) - Regul ates the cal cium punp of cardi ac sarcoplasmc reticul um

SR). Met hods described above an [ati t her.eof are routj pel sed to
g(j i 12fer el ialﬁr@@ iﬁ*@%’@ﬁf'?&Ct'eéqt'g?gﬁéﬁééség%é%?@%?@fﬂ '§rﬂi‘eg‘é#_rtﬂﬁp?1’aucel | s
into  15¢6afHis RGNt feverldbrated thbRS S thidd gfb@rs%%%ﬁnwo#ﬁsﬂamwl ted by

cheni cal S such as SB"293580. A conbination of the various differentiation
met hods, betazarakgamimeed hieraipivd aolins aredfound irmmussledisssienanddared majdie basi s

ot toct " ofthientE e o PRRLE aB ARy PR roFRRETT S0 "

Neur al diniseleesdtinati on Protocols to i) achieve differentiation, ii)

inhibitor details and iii) neural markers The differentiation of progenitor
cells into cells of the neural |ineage is possible 25utilizing well
char act ey/bgedunfhaiibld shed protocol s such as those described bel ow. Using
t hese pr i ossible to generate neuronal cells frompluriand

mul ti - pol1é BMPt® (antibody ab3KPE25ubnh essertisl cpoianephincinedumi@tingd st em cel | s.

For Wat el dsand eRreraos aReiadion By YRS FRBG vi de rapidly”

and are asglatopent.

[2] HAND2 (antibody ab56590) - Expressed in the developing ventricular
chambers and play an essential role in cardiac morphogenesis.

15 Sarcomere markers
[1] Sarcomeric Alpha Actinin antibody (Abcam Inc. - EA-563, ab9465) - ACTN2
encodes a muscle-specific, alpha actinin isoform that is expressed in both
skeletal and cardiac muscles. Located at Z lines and dots in stress fibers of
myotubes in cardiac and skeletal muscle.

20
[2] Serum Response Factor (antibody ab36747) - A cardiac enriched
transcription factor that is required for the appearance of beating sarcomeres in
the heart. '

25  Other cardiac markers

[1] HEY2 (antibody ab70133) — Transcription factor, an important determinant of

mammalian heart development.

[2] KLF13 (antibody ab15701) - Transcription factor, required for heart

30 development.
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differentiate into a variety of cell types including neurons. ES cells are
pl uri potent however, they require demanding culturing conditions often
requi ri ngvbeeteroel | s or expensive grow h factors. EC ®ENIER2010803762 , are
easier to culture, do not require feeder cells and can be naintained in
relatively sinple nedia. The di sadvantages of EC cells are that they are
tunour cells, genetically abnormal 5and exhibit a limted capacity for
differentiation. However, they do represent a sinple and robust system for

di fferengj MEF{Q’]féﬁ%f&ﬁang&hgmﬁﬂa‘&éﬂs | i ne NTERA2 has been used for studying
neur onal dlfferentlatlon and exposure to retinoic acid rellably generates

neur ons MlErWPaﬁantlbo‘t’Y]%@%‘}@ddé@dk%mi%Pni tRefipcAng Yedetahmuseleur e, Reti noi c

acid expg, Mﬁqlts in the loss of stemcell markers such as Cct4, SSE3,
TRA- 1- 60" an 81 and the up regul ation of neural markers such as
Neur oD1, MEF2BI (antibody abé@@BSjeLReguumrm«ptressid'r‘m of m'ahf/mtﬁsu:le' edldted process is

di ct abl d { ent t
o Scba SR T YO bl SOV G REPRIES LTI R BPUAGRENS FYBk es ¢ he
15gener afAEF2PfandiBo8y ésmgrgihl YPiedeRt iRUNdiftdreAtiatell mMyibIastsugyeyingltiat F.
etal ., 2001, Neurochem 76, 806-814). These are essentiall éyfunctlonal I y

mature ek mae/smahg r@Lmaptbeye@/ edily Hlagesof aegenicadevelnnime beehnas
chol i ner gy gtiiff&éﬁﬁg{&{lgf rglygg(grg["rta?l'aeél% g?ﬁw‘gcrfef‘?fég &nik gaiid.! ey etal ., 1999, J.

Conp. Neur he neur a ntlatlon of progenitor cells
The neural differentiation of NTERA2 cells as perforrred by Leypoldt F., et

Neur gchem 76. 80681 bri th folovmng CeIIs
vver el 0r2 R@P?PW@ ﬂﬁépr?ég'bpay&g?%l\ﬁ?l ?Fw?r ﬁ%ﬁ%g Hfaﬁfp enmented with
5% f oet a&alénahfp@aptdncatd@a@am RIEPetidodlm (88Yr egatlon (1 X106 cell's/ni)
was 25perfornmed in bacteriol ogi cal pl ates in high glucose DVEM (I nvitrogen)

with 10% o _
Methods described above and variations thereof are routinely used to

15 cardiomyocytes. This differentiation process can be inhibited by chemicals such
as SB 293580. A combination of the various differentiation methods,
characterised inhibitors and the antibodies would form the basis of a multiplex
quantitative immuno-cytochemical method for assessing the effect on
mammalian cell/tissue development after chemical insult.

20
Neural differentiation

Protocols to i) achieve differentiation, ii) inhibitor details and iii) neural markers

The differentiation of progenitor cells into cells of the neural lineage is possible
25 utilizing well characterized and published protocols such as those described
below. Using these protocols it is possible to generate neuronal cells from pluri-

and multi-potent progenitor cells such as embryonic carcinoma and stem cells.
Embryonic stem (ES) and carcinoma (EC) cells satisfy many of the criteria for

30 studying neuronal differentiation in that they both divide rapidly and are able to

differentiate into a variety of cell types including neurons. ES cells are pluripotent
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foetal calf serum After overnight the medium was suppl enmented wth 1pM
transretinoic acid. The nmedium and culture di shes were repl aced every 3
days. Thewprewerersof retinoic acid was nmai ntai ned for PCTGR&0M03762 wWhi ch
the cell aggregates were transferred to poly-D-lysine and lamnin (both at
10 pg/m ) cell 30 culture treated dishes in aggregation nedium

[ suppl emented with the mtotic inhibitors cytosine-D arabi nofuranosid (10
pg/mM) and uridine (1 pg/nl)]. These conditions were continued for - 7

days, thpowedér fRdisicaaire Rivpgaliny elifurigicstriifonsTditeh RiGairmyorReder esircol
(lasts -4 weeks) facilitates the eff| cient differentiation of a high

per cent ageexiensie arpmtatactars. £G eells W‘tﬁisaf%emrtér% tur®|dosN@x pr essi ng
function i Hartl ey
ol 1O BaE R o R B Bl e R TR el e wi
primary elsadwytages aﬁE[Ctd:eilsrememlhatathey ae&:tmurgmﬂerg%reet@lamz abaoemgji c and
GABAef gi C i n _addi eir vitro viabil was extended to >
T yoat ) o ERARY Sied oRaebiupEarEGtiattn HoMBrd Tty ub FentBe TR spher s
of 18- 21siile bal r@HMt)/sQ/Ste’mWdiﬁék@nhétléﬂﬂ@tu@fédmd of Cadelli, D.S. and
Schwab, ME., 1991, (Ann. N. Y. Acad., Sci., 633, 234-240). NTERA2 neurons

(1 x105) vvere seeded on pol y-D-1lysi ne and Matri gel TM ( BDbi osci ences) coated
cover-sl i = :

st ooyt oB R CofE NTERAENA bieh seba 1ol st Ay g Mefinatidiiteflar o

mai nt ai nexposuré fo BENEdicacit reﬁizgﬂy gbuem Betprphemfsntlaa*dolhasenptdduced by

t t dit d K | ect di cat
fhe o soBrmeoreupRRit el ReyhasEor Pasre Bl (Tl eba elidiel "oy - ©
i mrunohi fizpkdreSush s OSMUSSERRTRIGH GO SMBARAGT B 1241t INWLUp kgNstiBnSsfi on was
confirmed by el ect rophési ol o usi_ng the sel ective anat agonl sts CNQX (10

pM), bi c0ewial maskers sush as\yeure® 1aByTl tubdinand peurnbilamertsy Thisndi 1 f er ent i at ed

human ES rfefc r 44 retinid: TRA-1-60
and TRA- gg@h&g‘aﬁ.bgﬁ [ cﬁég? gﬁ%%\?\’}ft%gul at ec;ddé;%rﬁg@tl F 1? %?%l%ltgtrleon

neur onal adidfansrtbatreseedingmfidells én theopresaoie of aiitetic hmlblmlsﬁaﬁdiltatﬁS(tDWSO) or

25hexane i ] i b| h

Gonnts eoaPir ElRR of RESIEh GNP pOBllatRh S el i Fo BN af nE0%Ly o
gangl i osNearahgon!76)i806-8323, THEX: avecegs2hfial\Diuaptionally, naturalexprez8ig, J.
Anat., 200, 249-258 These ce|ll surface marFers are ofte ed . to isolate
prospect sYianses sAndpegirapsDitiar pheag YPES SUED @Solineioiy Cg’éﬁ@"g'h her

useful mERE8EROAEGId r'fé%ebﬁﬁé @ltuam %/%ftascehbgg fJ. @B,ﬁbm&%new@ﬁu ‘hopeage
i ncl ude N-CAM neuroD1, nesti np-tubul'in and nusashi -1

20  The neural differentiation of progenitor cells

The neural differentiation of NTERAZ cells as performed by Leypoldt F., et al.,
2001, (Neurochem. 76, 806-814) briefly, involved the following. Cells were
routinely maintained in OptiMEM (Invitrogen) medium supplemented with 5%
foetal calf serum at 37°C in 5% CO,. Cell aggregation (1 x10° cells/ml) was

25 performed in bacteriological plates in high glucose DMEM (invitrogen) with 10%
foetal calf serum. After overnight the medium was supplemented with 1uM trans-
retinoic acid. The medium and culture dishes were replaced every 3 days. The
presence of retinoic acid was maintained for 21 days after which the cell
aggregates were transferred to poly-D-lysine and laminin (both at 10 pg/ml) cell

30 culture treated dishes in aggregation medium [supplemented with the mitotic

inhibitors cytosine-D-arabinofuranosid (10 ug/ml) and uridine (1 pg/mi)]. These
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A i godendrocytes can be identified using the markers Adig-1, -2 -3 and -4
(Jackson J.P., et al., 2007, Techniques for neural differentiation of human
EC and ESVOeb10s149346, Cul ture of human stem cells eds. FPETHPRY10RIIT62
Stacey, G D. & Auerbach J.M J.Wley & Sons, Inc.). 5Methods to pronote the
neural differentiation of progenitor cells include cell aggregation. This
method is routinely used for inducing the differentiation of ES and EC
cells (including NTERA2, P19 and PCl12). Cell aggregation increases cell

cont act, cHididrid were corintied!for ar7 gay@ee medivkhibelhg ehatigedrg@iry 28  aspect  of
i n-vivo developnment and in-vitro differentiation. Earl ﬁ‘ neur a
i

di f f er endPYEiTOHS PEAIAEsLRGIMW! (Ipptsisdavacks) frsiltalgsitte eickitum cont ai ni ng
medi um 3{?‘@* FIRBBIoRF aHYh E@l@eﬁ?ﬁ%@ﬁ’t&@?ﬁ@?%&&llgﬂo;lﬁ‘;eru%ﬁsf.ree met hods.

Neur al erentration = Serum efine e generation of
neur ospheres from EC and human ES cells by the cell 15 aggregation

techni qug using serumfree defined, nedi um has been shown to duce radi al
o 1 a1® ceRetiand oS BRe S Sl P RRPLATIAgRs SR A bogT HPneAgbt RO, |
Neur osci NTERRA?2 d&lfs: Bladley diais 119992 (In0dns.tNE@groR! HESS 18)6b-chruregur ospher es

can be maintained indefinitely if the nediumis supplenented with FG-- 2.
Usi ng huMARRES ells with primagradtrogytesipaddne remiltatipeypRe oeetater erent i at e

into 20 : i endr. ; Y ., 2001,
ot o oFLiRfleRGi SELGARRCRIC TSR IR RIAINEE Do Vil had 1 o o
S., et al exteaded to €l yeaxp IRrosaly. gst@tytesogerzlisolatadifroMERSZecatdrBs grown in 25
c

Chen B SReghe o024 T BB Pl X LR S CARET, B i e

(2/mn\/19, gb%@gsga:mé?bﬁ%%wn,QnﬁplNam.Aaﬁd.psblm%&;,fmmy. E\J_Zem(:{ﬂh), EGF|§20t
. ren n, . r n

COI T ogheaanns 3700 BumelsondbelSTba rbinand MoTigel, FhoSepeet !

x105cel | sdsageBvertibsid ed-RanGeatdth Bt hes irfshtaét with)adnfigen30 an
additional 10 days in the serumdefined nmedium mnus the growth factors.

These NTEUCCYRINGS pheweselheulturediaied dishl f hsivovkultuce yasenainiiaed iy ge
e L) L OB e R OB B AR EbE 0,, o
an i nact Aftet @ evesis sectron micrographs indicate the presence of synapses and
synapsin | expression was demonstrated by immunohistochemistry.
Gluatamatergic, GABAergic and NMDA transmission was confirmed by
electrophysiology using the selective anatagonists CNQX (10 pM), bicuculline
20 (20 uM) and APV (100 puM) respectively.

Undifferentiated human ES cells (like NTERAZ cells) express the markers Oct4,
SSE3, TRA-1-60 and TRA-1-81 all of which are down-regulated on differentiation.
On neuronal differentiation with retinoic acid, dimethy! sulfoxide (DMSO) or

25 hexamethylenebisacetamide, the derivative ES cells exhibit the down-regulation
of ES markers and an increased expression of the neural ganglioside glycolipids
GD2, GD3 and A2B5 (Draper J., et al., 2002, J. Anat., 200, 249-258). These cell
surface markers are often used to isolate prospective neural precursors from
early differentiating cells. Other useful markers for the isolation of cells from the

30 neural lineage include N-CAM, neuroD1, NSE, nestin B-tubulin and musashi-1.

Oligodendrocytes can be identified using the markers Olig-1, -2 -3 and -4
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5enbryoni c fibroblast feeder |ayer Zhang, S.C. et al., 2001, (Nat.

Bi ot echnol . 19, 1129-1130) generated neural precursor cells that exhibited
neur al - | iWO 281W4e346res i n t he absence of serum but in tRETHPREIONOCITODF

FGF-2. On renoval of the FG--2 they differentiated into neurons, astrocytes
and ol i godentrocytes. Routine maintenance of the ES/fibroblast co-culture
was performed in ES cell nedium 10 consisting of DVEM F12 nedi um

suppl emented with 20% v/v serum repl acenent medi um (I nvitrogen),

6- ner capyaekstanoP. (&-al., 20D7, Tegridued for pelrdl diffeientidonof (unigd BC) ] . To

i nduce differentiation the ES cell col onies were remved_ using D spaseTM

(0.1 ng/#0d ERveelisolfle PultirRiot Rpap sirre #elln edhe @ehnAL R-IESiaeey. Eddiiduim ni nus
FGF- 2. T’gg?r%%kh%f%‘g'@i%&{%%?%gé?ﬁf | oati ng enbryoid 15bodies in a 25

cnRcel | culture medi um change. After 4 days, the
enbryoi d bodi es were resuspended in DVEM F12 suppl emented with insulin 25

/ f 00 [ . J t 20 . t i 60
Uy L ormetieBieromoid et irerdiaies sE piberisftc i ingRES RS/ i  “The
di fferenad bgéﬁbrﬁ”mﬁyﬁi%éw%i roatiNely &isedlforingdcihgthe differéstictiocarnst Een
transferred 20 to a new fl ask coated w

th
pol y- ( 2-aHESGRlIsHinclueng Bid BRAZ. 4119 ang PeHiZ)i ¢elhpgaregaiinp increaspsedtht e
ol i goden t 7 P Sweul t [
Fheabscroriad BRorotd ey S g B R iy b T S s e 1
(2 ng/ nl Jeveddpraentarl inedts differgnatiatasi. Havly nesralgiffereotiaticretecbdiquessessi ng
typi cal oil godentr.ocyti.c norphol . Ne diff tiati
per 1B et cetedie Ak trserBregting meREHLATahe R ¢ hOY BBl onsi st ng
of DVEM fdther d8finel BerimdasthetiiodP (100 ng/ ni) and 30 BDNF (10 ng/m) in
the presence of FG-2 (20 ng/m ). After -10 days, fibre processes were

observed emanating fromthe adherent spheres. The majority of the cell

expr essegebif dRrEARAn TR Bl GeARe@Rtbdignt ubul i n. Neural

D fferentrTation - Co-culture SAdditronal eiforts to increase the efficiency
of ES anth&genenatiah ofintfieaspheres frem EC and human ES cells by the cell

15 aggregation technique using serum-free defined medium has been shown to
produce radial glial cells from NTERA2 cells (Marchal-Vitorion S., et al., 2003,

Cell Neurosci., 24, 198-213). This is a multistage process and the neurospheres

can be maintained indefinitely if the medium is supplemented with FGF-2. Using
human ES cells, on FGF-2 withdrawal the neurospheres differentiate into

20 astrocytes, neurons and oligodendrocytes (Zhang, S.C. et al., 2001, Nat.
Biotechnol. 19, 1129-1130).

To generate neurospheres Marchal-Vitorion S., et al., 2003, Cell Neurosci., 24,
198-213 used NTERA2 cells grown in 25 cm?flasks (1 x 10° cells/ml) containing
25 aserum free-defined medium DMEM/F12, (Invitrogen) supplemented with N2
(Life Technologies), glutamine (2mM), glucose (0.6% w/v), insulin (20 pg/ml),
heparin (2 pg/ml), EGF (20 ng/ml) and FGF (10 ng/ml). To induce neural
differentiation, the resultant celi aggregates or neurospheres were dissociated
and seeded at 5 x10° cells/cm? on poly-D-lysine-coated dishes and cultured for
30 an additional 10 days in the serum-defined medium minus the growth factors.

These NTERAZ2 neurospheres were subsequently shown to generate a large
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has utilised the co-culture with other cell lines e.g. the PA6 stromal
cells (Scwartz etal., 2005, Stem Cell Dev., 14, 517-534). The authors

co- cul t urEo 2nBEREAGcel | s (at 2000 cells/ M) on a confl u@ct/EPeeioioasfer of PA6
cells. The PA6 cells were inactivated with 10 pg/m mtomycin-C The
co-culture was maintained in a 10differentiation mediumsimlar to that
described earlier (Leypoldt F., etal., 2001, Neurochem 76, 806-814). After
22 days tyrosine hydrol ase was detected in 86% of the NTERA2 neurons

i ndi cat i rcbhgeldf santrurelneurohs (+ 60dopRetRNr Hith ¢dleruith@e. The use of PAG
stromal cell conditioned nedia was shown to be |l ess effective at generating

t he dopaQHIREEAEOYIRINAAF8e as the factor(s) that 15facilitates the
differentiating process are still not fully characterised. Neural
Differentiation - Mnolayers Oher neural differentiation nethods have
been baslsingithé haendinf E&rceliinas Hinand HAgrawnE® areinastivatedomolisg/ers (Gerrard,

Fhat 3 neernfvorrioTob s Eeaen Bien ABina, Stoat el 200 BNl HOlERnBF Y8 P oour &

in the geMerai 3@ ydieraRumBurdisreenisop telieihas extibredrpebemtlivé istrusdegr owi ng
ES cells on Matrigel TM (BD Bi osci ences) in _nouse _enbryonic_fibrobl ast

condi t i ondbe gbaencs eLsasLBNRiBAhePIesapee of FGIDA gPRipmavg) o b hiph-2

di fferenglaty: > I j ral

i 1 or o ELCAfRRenfARH 8 o Fond: HslBeyfek aritk iR BRI 11 nogyi n.

At passaneainendreecaf the Bffilerobash seauitateedas pedogned ireESetdlisnadidntul t ured in

N2B2.7 | t i -2, Thi tacql . ted | h ti f
nour ) ° RIS OVEMIF T2 vt e Rrap RES wli 2Leni stilah neural rar ket
musashi . repldcesidift iadlul @9etrégen)epshagaptostisarsol 20d M) kepariro@eng/idy cel | s

wer e generated by seedi ng the 30N2B27-1r eated éel | s ?nt,o
pol y- L- 1 379 R&Fraid Remoldsdpdedysesdilisretigtien e Feselsolonigawesei n noB27
medi um Sr%?r%\%'&iﬂ%' DRSO ¢ MgHITAgo§SIUHY reklisp&idedin théfengeal) and
ascorbi c aci (16";%!\/) :pta%ft eFGZ rJEFv\geks SO(I?lléé(?ghedgehO pwas w t hdr awn and
r epl acedE8ceBbnedipmomnigusihGF-EDNibe(ceia gyare cultaresahileating embny®dd pM)  and
| am i n 50 / t aj i pt i sev of, yaeur al
di f ffg’Jr en??(ﬁ?% Bﬂg?&ﬁ?@e ge‘?l cﬂlth?éjflgﬁﬂth R deﬂl? n%dlﬁ% a{aq{ge. Affepg, JH% tHE
embryoid bodies were resuspended in DMEM/F12 supplemented with insulin 25
(ug /ml), transferrin (100 ug/ml), progesterone (20 nM), putrescine (60 uM),
sodium selenite (30 nM), heparin (2 pg/ml) and FGF-2 (20 ng/ml). The
differentiating embryoid bodies were cultured for ~ 10 days and then transferred
20 to a new flask coated with poly-(2-hydroxyethyl-methacrylate) to prohibit

attachment.

To generate oligodentrocytes the ES-cell derived neural precursor cells were
culture in the absence of FGF-2 in DMEM supplemented with N1 (Invitrogen) and
25 PDGF-1 (2 ng/mli). After ~ 2 weeks olig4-positive cells were observed possessing

typical oilgodentrocytic morphology.
Neuronal differentiation was performed by culturing the cells on omithine/laminin

in @ medium consisting of DMEM/F12, N2 (Invitrogen), cAMP (100 ng/ml) and
30 BDNF (10 ng/ml) in the presence of FGF-2 (20 ng/ml). After ~10 days, fibre
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described in this docunent is presented in Jackson J.P., et al., 2007,
Techni ques for neural differentiation of human EC and ES cells. In, Culture
of human WOeMotdpi4§ eds., Freshney R I., Stacey, G D. &PAI&APREHONITOM
J.Wley & Sons, Inc.). Exanple protocols described include the induction of
human EC cell neural 10differentiation by retinoic acid, Human ES cell
neural differentiation in Enbryoid bodies, and the derivation and
differentiation of neurospheres fromhuman Es cells. Exanple 1 - Induction
of humanpideseéd wapsibBserded eatamtingtfiom thy adeérenoshéres dThd md)dmiRé? cel | s
are maintained in growh nedium (DVEM 4.5 g/l glucose and 10% v/ v foetal
cal f ser the celkexpressed thgnesronay ?rrk.er?\ﬁ%%@qg@‘t'é?@'%eeded at 1 x106
cells per 75 cn2 flask in differentiation medium (growh medi um

suppl emented with 10 pMretinoic acid). The NTERA2 cells commt to neural

di f f er enNeatal diffedientiatiorp- Corultaye and neur ons appear after - 10 days. 20
Exanpl e 2-, Huma S, cel.l neural differentiation n Enb I d _hodi es (cell
200 Shat ORI TBLETIS R RaRRye dhe s e Q1 et pelaL fBRlrARRS b yoi o
body ( EBhagradiissn thEMoMkitues kithtoth@ddelKiHuskay! theePABstroflak e (Scwaktsp
non-essenti al 25 am no_aci ds, mer capt oet hanol and 1 nM gl ut am ne) and

1M p-
cul t ur edeb@-FRA9S. Sters G}%”@V-i ﬁ4a$1£§3ﬂ)-1-5'®e Arthes? APeyturad N TEGAZI ndi ng
cel I cul bIS(aRRoBBCbRL) off dl daifiGeth rﬁBﬁélagj/Qr BrEXE ek elepAp s achment
The nmediumis replace ter -21

| every alternate day. Af ays 1 n suspensi on,
di f f er enwieze aictBatedavith 10 pgamimitamysio-Gr Ehgcaicatiurenwas gelintainedcioat ed

eur B ° PPl AR Al SiEE I haBbeSitios R @ UadBRE 3 B R e yoi o
bodi es - N2drdubens 78, 806-81a) pAén 20 daysiadgihe hgdrolRede was ideteotedlin 86%

differentjation aof neurospheres, fromhuman ES cells Confluent ES cells are
resuspen@l ei'ﬁT WigR g ?'Qeéaeipﬁe%?”fﬁpiﬁ rpajure dopaiRe™BiCask at 37C in

S % C2 bﬁ'er?’étg/pé.(’I‘héfugé‘léfsPA@@dﬁ'ﬁ:ﬂidé:ﬂ‘c'bfﬁdFﬁBF’NS'(Ql@rﬂadi'é‘'\/\}a‘é-sr%vﬁic foe lesd days
the EB' s are placed in neurospheres medi um consisting of DVEM F12, N2

suppl emesffectiveratgenerginggheidopamisenginphiemtyry as fhefastorégidbah sul phat e
sodi pyn sl Gitdras RS Blifer@fhiRbPrECedhR SRRt il i ARFsdehSeg e Tl asks. The

Neural Differentiation — Monolayers

Other neural differentiation methods have been based on the differentiation of
human ES cells in monolayers (Gerrard, L., et al., 2005, Stem Cell, 23, 1234-

20  1241). These studies have shown that the addition of the BMP inhibitor noggin to
ES cell cultures results in the generation of neural progenitor cells. The method
utilised growing ES cells on Matrigel™ (BD Biosciences) in mouse embryonic
fibroblast conditioned medium supplemented with FGF-2 (20ng/ml). For neural
differentiation, confluent ES cells were cultured in N2B27 neural differentiation

25 medium (Invitrogen) supplemented with 100ng/ml noggin. At passage 3 the cells
were disassociated into single cells and cultured in N2B27 supplemented with
FGF-2. This protocol resulted in the generation of neural progenitors with ~ 97%
of the célls expressing the neural marker musashi. Tyrosine hydrolase
expressing neurons and neural progenitor cells were generated by seeding the

30 N2B27-treated cells onto poly-L-lysine/laminin-coated dishes and cultured for 2
weeks in N2B27 medium supplemented with sonic hedgehog (300ng/ml), FGF-8
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mediumis replaced every alternate day. After - 10 days neural rosettes are
visible. The bacillus-derived neutral netall oprotease D spase Tn(100 pg/ m

- 10l nvi tWogen)14pB6used to detach di saggregated neural POTHPRES/083Td2t hese
are resuspended i n neurospheres nedi um and di spensed onto 1% agarose in
DMVEM F12 coated flasks. The neurospheres are treated with fresh

neur ospheres nedi um every 5 days and sub-cultured every 2-3 weeks. For
differentiation studi es the neurospheres are seeded onto gel ati n-coated

flasks i moopgrmp mr&oﬁmdiWDM)%ﬂaz HRERE BbnRATSHED VeS|
neur ospheres-derived cells wll be th dom nant cell type .in the

cul t ur e. Withd@wvn-and teplaeed by RHNK, (%Qfg?mrlr)\[/)étql\!ﬁ (20ng/el) pSCorBisratid (e %er s

such as a8, iléﬂ’nirﬁﬂ‘éoﬁﬁﬁffﬁﬂ The neurospheres can then be efficienly
differentiated using net od'such as those outlined above i.e.

Marchal -Vitorion S., etal., 2003, (Cell Neurosci., 24, 198-213) and Zhang,
S.C. 20etal .,..2001 (Nat. Biotechnol. 19 1129-1130). .Inhibitqgrs of neural
di 11 ef entyistpis S phGR 6 SpYR BT bRamgBn 4RI YA RS RF ne ( AdoMet)
i's a uni yesGiednpithigldodaneint i9pregdenicdan rJaBrsbrod.Poj 61l 992087, Techniques

met hyl ati on' reactions including DNA net hyl ati on. Genes can be

. AT a
transcr i f¥inGHEd diferraEatianefdagn Fleane B/4ells: bh Giltuepef heewrnatemihis is
occasi on ILsVeci’éspr‘é'sﬁEWRW.,t@taﬁéi/,lG!@r& ﬂg&?@cﬁn&wﬁhwneyw&% J.or exanple
neural differentiation requires’ a cascade of genetic prograns that control
st age- spExampte Bofernds desdribed insludehies drduction iof hemaarkeC cetitneordled not onl y

at t transcriptional ..l evel . a i ge ic modifications . including
e ¢ nEeTRon B0yl Bl hufeT B o BTy Rl B Widanc et n
| yt r ansf po@iessanedsddrivatibe aperdiffedcntiaiornbf hewropploshestfiom hamarekEdyl at ed
substrate and the by-product Ado-honocysteine (AdoHcy) which is itself a
potent i #8llShi t or of  Adonet- 5 dependant net hl ytransferases. AdoHcy is
further broken down to adenosi ne and honocystei ne by the enzyne
S- adenospl horpcy L elnieuhy & aLass, £SAN e FANRLLLAR:Of b SRl L hegaf or e
results in the accumulation of the methlytransferase Ihhibitor AdoHcy.
Adentsi ndT&RAZIetliscare(maitkgined iragrevte medivmi (BIMBM, 415 GAglicasd anker ef or e
| ndi T ect o ol AUATPLIF SRERT I 5778 1gb¢ BRRIFLASRTERAS O8I shangyr ona!
at 1 x106 cells per 75 cm2 flask in differentiation medium (growth medium
supplemented with 10 pM retinoic acid). The NTERA2 cells commit to neural
differentiation within 2 - 3 days and neurons appear after ~ 10 days.
20
Example 2 - Human ES cell neural differentiation in Embryoid bodies (cell
aggregation)
Logarithmically growing ES cells are resuspended in embryoid body (EB)
medium (DMEM knockout, 20% knockout serum replacement, 1% non-essential
25 amino acids, 1mM B-mercaptoethanol and 1 mM glutamine) and cultured at 370C
in 5 % CO2 in air, in 100 mm Corning Ultra low binding cell culture or bacterial
culture dishes to prevent cellular attachment. The medium is replaced every
alternate day. After ~21 days in suspension, differentiated EB’s are present.
These are plated on a gelatin-coated surface in EB medium at a density of 50
30 embryoid bodies per 25cm2. Neural differentiation is visible as outgrowths from

the attached embryoid bodies ~ 24 hours after re-plating.
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P19 are enbryonal carcinoma cells they can be differentiated into neurons
by the cell aggregation nethod in the presence of retinoic acid as

descri bedwveaplogpi46However, exposure of the cells to AJBXT(EP2pNP0IIR2 t he
first day of the 15differentiation process decreased i) the nunber of
neurites observed and ii) the expression |evels of the neuronal markers
13-tubulin, NeuroDl and mashl. Therefore ADOx via its indirect inhibition
of Adonet - dependant net hl ytransferase interrupts the neuronal
differentiation in P19 ceIIs (Hong, S. etal., 2008, Biochem Biophys. Res.
Commum , 377, 935-940) Jﬁﬁ

Dt heo- 1Esa@RIA 32%@3&%&% rentigionefinesraspiiesgafiom pumppgs cells

Gangl i os in-vitro
neur onar C TSRS PER i RSlGeitod i £15 et W2kl ARFER|n o B3GR TV
2002, (I\BmltmefﬁleskahB?‘Rém 5 24 CAbi0AEinfet 2)daysnbhe tmextiah lslmhangexédgdgngl i osi de
25bi o yn etic

bt heo 1Mferh dv3dBe FRs eeiplRsed ORHRSPREIeS BRGHMEPTTBINERE) i nhi bi t ed
neurite PMENVIEFMAN éfabhd, FGRELY| (D hdveniy @suinqR0 Rgdni)deid rvaﬁmaeur ons.

The P19 EC cells (1 06 cells per dis were cultured in a-Me

(1nvit ro@dﬁb‘a@(ﬁ%iwﬁlséﬁéaﬂ@équw plated integelptin-gpatesp so2dlasks sBF%m They
[ d d
vere in ggﬁ@s fdid ek de&érﬁ‘%ﬁemaétés Gggpt&gﬁgp Rhys DRMITELINR el 4 1 1

bacteri a hey were persed in
growt h nmdlbtarnTmerbmcllhst-demed mt@lm&iatbmo@@se@pmﬁge T“@(é()@elg(mla{ ed cell

i H £ o BRE0R S Sl St Bl lag S B e RetBRi 117 ot noi o

aci d andrergausﬂémwm\ ﬁéUr@ g6 nidwumi dricedispénsdd @rﬁtopmcafg@sosesmhe results
i ndicated that D-P educed i) the proliferation of the undifferentiated

P19 EC CQMFsM(ﬂﬁzlﬁﬁﬁte%ﬂ?SK%J h@dﬁ%ﬁsféﬁeréélafe eated Wity fresly NEIISPERERP neurite
el ongat i %dmﬁﬂte%en/ 5‘95# hﬁ@%u%tﬁu%dﬁéfé}k 28 vdR8YFbRditerbrtatidevel op

correctly. By using other gangli osi i birtors the authors were able to
denonst r sludiasithe nencosphieses arsf sazdeO\ento igelalin-ecoated daskingreuraspheiesas not

sol eL or %&%@l&rﬁ%ﬂﬂ Sa?te‘i' %véﬁpbgééége% tﬂg n%ﬁp(%ph%%sdg ert?ve%se\fé“snﬁ‘ﬁ v thL33]

| ndo
most dominant cell type in the culture. These cells are normally positive for the

early neural markers such as musashi-1 and nestin. The neurospheres can then

be efficienly differentiated using method such as those outlined above i.e.

Marchal-Vitorion S., et al., 2003, (Cell Neurosci., 24, 198-213) and Zhang, S.C.
20 etal., 2001, (Nat. Biotechnol. 19, 1129-1130).

Inhibitors of neural differentiation
[1] Adenosine dialdehyde
25  S-adenosylmethionine (AdoMet) is a universal methyl donor for a wide range of

biological methylation‘reactions including DNA methylation. Genes can be
transcriptionally inactivated by the methylation of CpG loci and this is
occasionally associated with cellular differentiation processes for example neural
differentiation requires a cascade of genetic programs that control stage-specific
30 gene activities. These activities are controlled not only at the transcriptional level

but also by epigenetic modifications including DNA methylation.
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The I ndocarbazostatins A, D, C and D are generated by Streptonyces species
and have all been denonstrated to be inhibitors of the NG-induced neuronal
15di f f er eNOi2atVgms46f rat PCL2 cells (Matsuura N etal. 2@0Z/EP3010AM76Di oti Ccs
55, 355- 362 and Feng, Y. et al., J. Antibiotics 57. 627-633). In brief,
PC12 cells were grown in DVEM suppl emented with 0.35% gl ucose, 10% f oet al
calf serum and 10% horse serum The PCl2 cells were plated into the wells
of a 96-well collagen type 1 coated plate. After 12 hours the

i ndocar bazostatins were added 20 and 12 hours | ater NG-. Neuronal

differentiation was nonitored by observing the generation of neurite
pr ocessddethylgtionfeariiRns FE!%!EQJF'&%& byAdpmet-depengant metdransfarasesleddscr i bed

above f ' h NS a | L e L ~hnquced

meur onal P BenBiAAE A BRe pRoAdis, B3 TR sdbtuhe bR 1By Pl Sradi o c2a and
b have aAdo-hbeetysteimn@idada) whicthis itseffecpotent inhiitor bbAdootet-neur al
differentiation tsuurg N et al,., ,2002 ._Antibiotics 5 355- 362).
Thesd colpinAast byt tadines, BUoHEY R TrRpnPRIKG G Ao SAla: | on by
| nhi bi t 'ﬁtﬁn@éxf’s@eihé‘btyttMé%b?ﬁd@%@%ﬁo%maéﬁéﬁ@hycﬁ@laké](SAHH).

2" -am no- 3" - nmet hoxyf| avone (PD98059) ~ PD 98059 is a potent, cell-perneable
and sel dehibjtion efAiHttheaforgumsutria erpresemulatipnrofidhgdaethivtiaasteraseyr  MVEK1) .
It bl ock; : L vat i : r ol oV A g S5 nt
phosphor B AIBHE: Adehdtind bickiorRB §Esgis & Bk nibldir SATIAA,

Bi ol . Chtberef@i&lindit8&85ef18488 ¢t-dependant aiatblytransfefrpodtd thecelypl et el y bl ocks
the NG--i nduceld .geur I.te formation in PCl2.cells w thout affecting cell

vi abl it@/‘?“fPHﬁi‘H EENYPYHAt the MAP ki nase pat hway appears to be criti cal
for NGF-induced neuronal differentiation in PC-12 cells.

P19 are embryonal carcinoma cells they can be differentiated into neurons by the
cell aggregation method in the presence of retinoic acid as described earlier.
However, exposure of the cells to AdOx (1 uM) on the first day of the

15 differentiation process decreased i) the number of neurites observed and ii) the
expression levels of the neuronal markers B-tubulin, NeuroD1 and mash1.
Therefore AdOx via its indirect inhibition of Adomet-dependant methlytransferase
interrupts the neuronal differentiation in P19 cells (Hong, S. et al., 2008, Biochem.
Biophys. Res. Commum., 377, 935-940).

20
[2] D-theo-1-phenyl-2-decanoylamino-3-morphlino-1-propanol (D-PDMP)
Gangliosides have been implicated in neural development. Using an in-vitro
neuronal differentiation model involving P19 EC cells Liour S.S. & Yu R.K., 2002,
(Neurochemical Res. 27, 1507-1512) demonstrated that the ganglioside

25  biosynthetic inhibitor D-theo-1-phenyl-2-decanoylamino-3-morphlino-1-propanol
(D-PDMP) inhibited neurite outgrowth, eventually causing the death of P19-

derived neurons.
The P19 EC celis (1 x 10° cells per dish) were cultured in a-MEM (Invitrogen)

30 supplemented with 2.5% foetal calf and 5% calf serum. They were induced to

differentiate in the presence of 5 uM retinoic acid in bacterial grade dishes for 4
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[ 6]

[ 7- (benzol yl am no) - 4, 9- di hydr o- 4- net hyl - 9- oxo- pyr azol o[ 5, 1- b] qui nazol i ne- 2-
10 car boxWDeoHEi48d46 PDO0780 The substituted pyrazol oqui nREBIEPAGNOOFTED0780
interacts with NG, thereby preventing its binding to the pl40 trk tyrosine
ki nase NGF-receptor and the common neurotrophin receptor p75NTR. | nhibiting
t he bi ndi ng of NGF abolishes the NG~ nedi ated neuronal differentiation of
PC12 cells Spiegel K etal. 1995 15 Bi ochem Bi ophys Res Comrun. 217,

488- 494. days, aftel whioh@Bé) witre &iishersedimgraet mrfdidrmeninyspBasdit Acideand y of
tyrosine kinase inhibitors, It inhibits the 5140 trk tyrosine ki nase
NGF- r eceplatad anpepyHyspa seated cehcultyre dishesi [ae ynedivm was changad ety of EGF

or PDGF L ati i = y wha ddies ; m cal s
26 676 o SSBPEOIPARRIA hILARr DDA foc g?é’dﬂsﬁ s BN BT RT Lo
et al. 1B8eamaitodthenetinoicyack] aBd Maibtrides hrodgloutftiie diffevéntiationprooess. (and

hemical s, d o i h : 25 descri hed ab |
Govel bpnihe MeaiBdinaRRTBRLORRB biRet DIRE sFONERTChGT S e ot on
Pr ogeni t grdiffetdntialideP X BCSEslistwithdig dnyhhdicatsn enebil deathizhear) abolishs

cel lul ar devel opnental process will be assessed by nonitoring the extent of
di f f er enPPWHtPSIONTARICE, RRls -Hrewites WeER PIRsept R4LIheN fallasktodayelalsi on of

cell/tl Sé&%&@gggys@g@@%gﬂ@%@d@ Mhftord e ARl WeRS Skt ed cell type

by techniques I'tative I nmuno-cytochem stry. Specific neural
cel | Mar #emsnstnatedhai the effechefliDeP D eh opmamal differentiatiohevdsonodtsalely,

det gi | f ti.bodes. Lal l I 1 e f Ab I nc. I
esch pojotel Rl BRSSO Rl fSNERGF,  Toner s 1] Agor ecan ARG

(anti body BC-3, ab3773) - Detected in neural precursor cells. [ 2]
CD133 (anti body 32AT1672, ab5558) - A marker for neural and enbryonic
10st em cBll Irdocarbazosfatifis ant i body ab54729) - A transcriptional regul ator

during neHs fhdHeUSARRIRMS-A, D, C and D are generated by Streptomyces species

and have all been demonstrated to be inhibitors of the NGF-induced neuronal

15 differentiation of rat PC12 cells (Matsuura N et al. 2002, J. Antibiotics 55, 355-
362 and Feng, Y. et al., J. Antibiotics 57. 627-633). In brief, PC12 cells were
grown in DMEM supplemented with 0.35% glucose, 10% foetal calf serum and
10% horse serum. The PC12 cells were plated into the wells of a 96-well
collagen type 1 coated plate. After 12 hours the indocarbazostatins were added

20 and 12 hours later NGF. Neuronal differentiation was monitored by observing the

generation of neurite processes.

[4] Indolocarbazoles
In similar experiments as those described above for the indocarbazostatins-

25 mediated inhibition of NGF-induced neuronal differentiation of rat PC12 cells, the
indolocarbazoles K-252a and b have also been demonstrated to be effective
inhibitors of neural differentiation (Matsuura N et al. 2002, J. Antibiotics 55, 355-
362). These compounds apparent mediate their inhibition of neurite elongation by
inhibiting p140 trk tyrosine kinase NGF-receptor.

30
[5] 2°-amino-3 -methoxyflavone (PD98059)
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15[ 4] EMX2 (anti body ab11849) - Enx2 is a honeobox protein inplicated with
QO x1/2 to specify cell destiny in the devel oping cerebral cortex of the
CNS. [P 2p14P3H6 (ant | body 10C2, ab22035) - Expr essedPCH/ERI0P0FaDr yoni ¢
neuroepithelial stemcells. Nestin is widely used as a nmarker for stem/
progenitor 20cells, glioma cells. [6] NeuroDl anti body (ab60704) - An

I nportant differentiation factor in neurogenesis 25 Neural stem cell
markers - Late markers [1] BRN3A (anti body ab30880) - A transcription

factor, PoOM8csHicG ﬂ)dtehh%eﬂ-@@hh@bbl@rarﬁf sél@@tfv@ﬁﬁhnbﬁl@ﬂ@ﬁMAPK/ERk
BRN3B( ant i body ab32264) - Found in the retina within a subpogul ation of 30

gangl i onk'8é15¢§ (e b'n?‘ﬁe(‘}ﬁaérerﬂ AeMEK . it flacksthe getivatiom MEGH. vi sual

%3? glm n em czef |nhﬁtﬁf]d\%§§1§&ﬁ Ik(ﬁess %21% ﬁﬁ%l‘y aﬁ%gﬁg%tion @E@%?Zgﬁ% |nn t he

brai n. 5Pa8g, INwetlato$92ori(h E(lalnﬂﬂwdﬂﬁb5258&)13588nddmbnsteatbd3tbat c and adult

“hvol vedr PRB0Se cometaply b A AR Wadisaaite omai B BERC e yoni ¢
st em cel Wwrhautchffattih @ell QEdMRY. aRURELIAG Bidl the MAP Rivade (pithw AP dppedadd90) - A

transcription factor uired during_the devel opnent of the nervous

syst ens, eﬁatlwlfwdﬂﬁﬁenavmﬁaehconﬁ! kﬁ@f%tﬁfﬂogﬂﬁﬁ’éi 12668S. eye, ear. 15 [8]
SOX2 (anti body 57CT23. 3.4, ab75485) - A transcriptional activator expressed
in the devel opi ng nervous system [9] SOX4 (anti body 154C4a, ab70598)
- Tr anscfé] pt-{menzohdtaroinod:¥p9-diwedo-drmethyl-2®xONSragslp e s blquinazalinesdes in t he

deve|ppi 0d SW% acid] PD20780
The substituted pyrazoloquinazolinone PD90780 interacts with NGF, thereby
preventing its binding to the p140 trk tyrosine kinase NGF-receptor and the
common neurotrophin receptor p75NTR. Inhibiting the binding of NGF abolishes
the NGF-mediated neuronal differentiation of PC12 cells Spiegel K et al. 1995
15 Biochem. Biophys Res Commun. 217, 488-494.

[71 AG870
AG-879 is a member of the tyrphostin family of tyrosine kinase inhibitors. It
inhibits the p140 trk tyrosine kinase NGF-receptor autophosphorylation

20 selectively with no inhibition of EGF or PDGF receptor phosphorylation (IC50=10
uM). Like the above chemicals AG-879 also inhibits NGF-induced neurite
outgrowth in PC12 cells Ohmichi M et al. 1993, Biochemistry 4, 32 4650-4658.

The effect of inhibitors (and chemicals, drugs or cosmetics) such as those

25 described above on neural development can be monitored during progenitor cell
differentiation. Progenitor cells are exposed to the inhibitor and the effect on the
cellular developmental process will be assessed by monitoring the extent of
differentiation. This can be achieved by measuring the expression of cell/tissue
specific markers associated with the differentiated cell type by techniques such

30 as quantitative immuno-cytochemistry.
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[ 10] SOX10 (antibody ab27655) - A transcriptional activator, acts as a
nucl eocytopl asm ¢ shuttle protein, inportant for neural crest and

peri pher aWOnetNde6syst em devel opnment. 25 [11] SOX11 ( R6TIEF2eY/08176D194) -
SOX11 is inmportant in the devel opi ng nervous system [ 12] SOX22

(anti body 86C2a, ab54371) - A transcriptional activator expressed in
30foetal brain and kidney and adult heart. [13] Vinentin (antibody RvV202.
ab8978) - Neural Stem Cell Marker [14] CDw338 (anti body BXP-21, ab3380) -

Hemat opoggbtifié heurahelBivRIfkérelihditanikeof ndurbledevaliogrhest incleldeshe Markers [1]
Neurogenin 1 (antibody ab66498) - Transcription factor expressed in a

, ( . ) . :
di st i nct follevwinanidelailpehantiadigs capmesgaliueailabia freomAbeR) d G fhe #lStand
differen%%&%fb% 10[ 2] Neurogenin 2 (antibody ab57560) - Transcription
factors a rebul ates the neocortex devel opnent. The transition from cell
proliferation to neurogenesis involves Neurogenin 2. [ 3] Neurogenin3

(antieﬁod ab54743) - A fran riI tion factors that plays an 15inportant role
inn roé@H@iﬁ?ﬂ-ﬁ@*@ﬁ%?—ét—M@@&é@f_ P e Screst cells. [4] MASHL (antibody
ab76987) m ABYRERFSRRGKR (Afb R BE-3bal7eBEDbteRted PMidUrarsiecarsoround in the
neur oepi t hel'Tum of the spinal cord, md- and ventral- forebrain. Later

found t heeltsrai n. 20

[2] CD133 (antibody 32AT1672, ab5558) - A marker for neural and embryonic

10 stem cells.

[3] DIx5 (antibody ab54729) - A transcriptional regulator during neural

development.

15  [4] EMX2 (antibody ab11849) - Emx2 is a homeobox protein implicated with
Otx1/2 to specify cell destiny in the developing cerebral cortex of the CNS.

[5] Nestin (antibody 10C2, ab22035) - Expressed in early embryonic
neuroepithelial stem cells. Nestin is widely used as a marker for stem / progenitor

20 cells, glioma cells.

[6] NeuroD1 antibody (ab60704) — An important differentiation factor in

neurogenesis

25 Neural stem cell markers - Late markers
[1] BRN3A (antibody ab30880) - A transcription factor, implicated in the

regulation of neuronal genes.

[2] BRN3B(antibody ab32264) - Found in the retina within a subpopulation of
30 ganglion cells where it determines the identity of a subset of visual system

neurons.
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Astrocytes - Markers [1] Astrocyte (antibody 10E4/R5, (ab3268) -
Astrocyte Marker [2] CaMKI| (ab63377) - Kinase of the CNS, functions
in | ong twWOMPOEI6I ati on 25and neurotransnitter rel eas®CT/HP3)108MX¢2

(anti body ab416) - Expressed in the frontal cortex, hippocanpus and basal
ganglia. 30 [4] Early CD15 anti body (28, ab20137) - Expressed in astrocytes
and certain epithelial cells. [5] Ganglioside GD3 (anti body MB3.6, ab78361)
- Al astrocytomas express GD3 antigen. 5 [6] GFAP (anti body G5, ab10062)
Astrocyte Marker - Expressed in astrocytes. astroglia, satellite cells in
peri pheral ganglia, Schwann cells and neural stemcells. é? S100 (anti body
4C4. 9, dBhbBspshist/Mstl (antirax @p6060Q- xpressechinpgyraksteascelischwann' s cel | s,
ependynomas and astroglionmas. 10 [8] Survivin (antibody 32.1, ab9178) -
Expressed in astrocytes and sonme neurons. [9] Other astrocytes markers

i ncl ude [4] NR2ERCHillest (antiipdy EBEE 1 2h)6020resLdABAAZ baaini body ( 7A1- 144,

ab48265) DHLL1 3antj.bo 6(7 Thr ombospondi_n ant i Ad. 1,
ab3131) _[5@@@03#@%3@{%%%?6%45 ‘A OE'QBH'}G I anaadtﬂt%‘lﬁ‘»e‘wm i body
4- 68, abddid69) - Expressed in glial cells within the CNS and PNS. CNTF
stinmulates the differentiation of a variety of neuronal cell types.

[6] Oct6 (antibody ab72681) - A transcription factor involved in early

embryogenesis and neurogenesis expressed in embryonic stem cells and in the

10  developing brain.

[7] Pax2 (antibody ab55490) - A transcription factor required during the
development of the nervous systems, including the midbrain, hindbrain, spinal
cord, eye, ear.

15
[8] SOX2 (antibody 57CT23.3.4, ab75485) - A transcriptional activator expressed

in the developing nervous system.

[9] SOX4 (antibody 154C4a, ab70598) - Transcription factor expressed in the
20 CNS. Expression increases in the developing CNS.

[10] SOX10 (antibody ab27655) - A transcriptional activator, acts as a
nucleocytoplasmic shuttle protein, important for neural crest and peripheral
nervous system development.

25
[11] SOX11 (antibody ab50194) - SOX11 is important in the developing nervous

system.

[12] SOX22 (antibody 86C2a, ab54371) - A transcriptional activator expressed in
30 foetal brain and kidney and adult heart.
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[2] Twist (antibody 2C a, ab50887) - Twist is a transcription factor
expressed in gliomas. It may have a role in CNS devel opnent and

angi ogene¥Px2012893bi al and microglial cells - Late nar KECI/EPRAP/OGTBAL b
(anti body ab8879) - Commonly used as a microglial markers in nervous
tissue. 30 [2] |Ibal/AFl (anti body ab54749) - A Ca2+ binding peptide
expressed by mcroglial cells. [3] MRP8 (antibody 2C514, ab19860) -
Expressed by mcroglial cells. [4] Nfascl55 antibody (ab77951) -

Nf asc 155(13nviemt #a‘h@ib@dy RPTD. iaBsgT 8- el Bieth deiniahedy AD2. 38, ab78545)
- Atranscription tfactor involved in the devel opnent of the eye, nose,
central nervous system and pancreas. [6] BLBP (anti body ab27171) BLBP
can be u | radi ' ' al
10pr ogenllﬁtagpﬁglveﬁ {/‘Egag gx?glg':‘rf?%g&)ng'@ﬁiﬁgﬂeﬁﬁg‘%ﬁ@%%greﬁngr ation)
Pur ki ni eMaekdrs - Early nmarkers [1] L1CAM (anti body 2C2, ab24345) -
Expressed is in neuroectodermtissues. 15l nvolved in axon growth, neural
m grasti on and in nediating neuronal differentiation.

Neural crest cells - Markers

[1] Neurogenin 1 (antibody ab66498) - Transcription factor expressed in a distinct

progenitor population. It regulates neuronal development and differentiation.

10  [2] Neurogenin 2 (antibody ab57560) - Transcription factors that regulates the
neocortex development. The transition from cell proliferation to neurogenesis

involves Neurogenin 2.

[3] Neurogenin3 (antibody ab54743) - A transcription factors that plays an

15 important role in neurogenesis from migratory neural crest cells.

[4] MASH1 (antibody ab76987) - Expressed in the early development of neural
cells. Found in the neuroepithelium of the spinal cord, mid- and ventral- forebrain.
Later found the brain.

20
Astrocytes - Markers
[1] Astrocyte (antibody 10E4/R5, (ab3268) - Astrocyte Marker

[2] CaMKII (ab63377) - Kinase of the CNS, functions in long term potentiation

25 and neurotransmitter release.

[3] EAAT1 (antibody ab416) - Expressed in the frontal cortex, hippocampus and

basal ganglia.

30 [4] Early CD15 antibody (28, ab20137) - Expressed in astrocytes and certain

epithelial cells.
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Purkinie cells - Late markers [1] PIP zeta (anti body ab78019) -

Devel opnental |y regulated in the brain and 20expressed in the CNS, where it
i s |ocal iweaolom4eHé Purkinje cell layer of the cerebel | BGI/EPREGOITOAL €
gyrus, and the subependynal |ayer of the anterior horn of the |ateral
ventricle. [2] NSMase2 (anti body ab68735) - Restricted to neurons, Purkinje
cells, 25pyram dal cells, neurons of the dentate gyrus granular |ayer, and
neurons in the pontine nuclei. Also present in the hypothalam c nuclei,
neurons in the piriformcortex, and nuclei of the brainstem [ 3]

Al dol ase (]anti body 1F8, ab67204) - Al dolase Cis expressed in the brain and
30ner ves(5] Ganglippige & @B éantikody YB3 o @ 7§88 600RY astrocyiomas expressiGPRe

br ai n-spgﬁ{i%%nc cerebellin. The active formis enriched in postsynaptic
structures ‘cerebellar Purkinje cells and in cartwheel neurons of the
dorsal cochl ear nucleus. 5[5] Cal bindin (anti body CL-300, ab9481) - A

ker f |l um Pur ki nj l\s, Ne - Earl k 1] PROX1
(ant i bodlp S by bbRah 2 4 oA ARE G el AEMAT e A BRERRART of 1 he
CNS. It pewsdiat eétem@@ewmer@aalag{ﬁgdéysbmam_bew amPRkiid etdrg cells.
10undi fferenti ated young neurons. 2] CDOO (antibody 1.BB.730, ab62009) -

Expressed on neural cells, T cells, early hematopoietic progenitors,

fibrobl : ; : ' b75275
R o) P 10D 61 8baB PAGHA o Wtk LGl asdcly 2070275)
Schwann's cells, ependymomas and astrogliomas.
10

[8] Survivin (antibody 32.1, ab9178) - Expressed in astrocytes and some neurons.

[9] Other astrocytes markers include

ABCA1 antibody (HJ1, ab66217) & ABCA?7 antibody (7A1-144, ab48265)
15 ALDH1L1 antibody (ab56777)

Thrombospondin antibody (A4.1, ab3131).

Glial and microglial cells — Early markers
20 [1] CNTF (antibody 4-68, ab78269) - Expressed in glial cells within the CNS and
PNS. CNTF stimulates the differentiation of a variety of neuronal cell types.

[2] Twist (antibody 2C1a, ab50887) - Twist is a transcription factor expressed in
gliomas. It may have a role in CNS development and angiogenesis.

25
Glial and microglial cells — Late markers

[1] cCD11b (antibody ab8879) - Commonly used as a microglial markers in

nervous tissue.

30 [2] Iba1/AlIF1 (antibody ab54749) - A Ca2+ binding peptide expressed by

microglial cells.
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devel opment. [4] PLAG.1l(anti body ab55659) - Expressed in neuron-epithelia
during early brain devel opnent 20 [5] HLXB9 (antibody EPR3342, ab79541) -
A honeobdXOgenel4e3dpr essed sel ectively by notor neurons PATER201GE0FbDPI ng
vertebrate CNS devel opnental |y regul ates neuronal fate. 25[6] NeuroD2

anti body (ab66607) - Induces neuronal differentiation and survival.

[ 7] NEUROD4 anti body (ab67168) - Medi ates neuronal differentiation

[ 8] NEUROD6 anti body (ab77998) - Involved in neuronal differentiation and
30 maturation Neurons - Internmediate markers [1] NNPTX2 (anti body ab69858)
- A neuronal imediate early gene that plays a role in excitatory

synapt odéhMRRS (asrtibpdwetidid 3reas6e) ¢ Expiassas byyaisedipl cellsayol ved i n
neuronal circuit formation in the CNS. [3] TBR2 (anti body ab58225) - A
transcription factor, expressed by intermnmedi ate progenitor cells during
devel oprighNfadcPES atitivody (ath 27951 ) t NéascdiBErin cnhayelinated ey ingliar

Neur ans 157 BAXe GRIGehCADR FLespal Th Ty sesiter A8 P BMC o by

nyel oi d g&ldicpradst dtene ene, Addellcehtrardivdud aystbhoghd phddréad) - located in

the cytoplasm and on thée nucl ear nenbrane of normal brain neurons.

[6]1 BLBP (antibody ab27171)
BLBP can be used as a molecular marker for radial glia (a major neural

10  progenitor cell type and a scaffolding supporting neuronal migration)

Purkinje cells - Early markers
[1] L1CAM (antibody 2C2, ab24345) - Expressed is in neuroectoderm tissues.

15 Involved in axon growth, neural migration and in mediating neuronal

differentiation.

Purkinje cells - Late markers

[1] PTP zeta (antibody ab78019) - Developmentally regulated in the brain and
20 expressed in the CNS, where it is localized in the Purkinje cell layer of the
cerebellum, the dentate gyrus, and the subependymal layer of the anterior horn

of the lateral ventricle.

[2] NSMase2 (antibody ab68735) - Restricted to neurons, Purkinje cells,
25 pyramidal cells, neurons of the dentate gyrus granular layer, and neurons in the
pontine nuclei. Also present in the hypothalamic nuclei, neurons in the piriform

cortex, and nuclei of the brainstem.

[3] Aldolase (antibody 1F8, ab67204) - Aldolase C is expressed in the brain and
30 nerves.
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[3] G RK2 (antibody ab30738) - Neuronal G RK2 channels are involved in the
regul ation of the excitability of neurons and may contribute to the resting
pot enti alwo[4i0/Re3bi | in 2 (anti body ab55611) - Profili nPRTIEP2010803762r onal
specific. [5] AP180 (anti body AP180-1, abl11329) - Expression restricted to
cells of neuronal origin. [6] PGP9.5 (antibody ab27053) Neuronal WMarker -
Expression of PGP9.5 is highly specific to neurons and to cells of the

di ffuse neuroendocrine systemand their tunors. 30 [7] SorCSl1l (anti body

ab16641) \Nevssstabelli (4etibodySy3e8h9) MALIeEE@ek bY iHeybrath-vhetefiptebeilin. a
popul ati on of neurons thrggghout t he brain. ~[8] INoval (anti body

ab77926) The metive formsis £nrislied in BpatsyRaRticataiIregich gefausliar Rurkinje cejlly] NsE
(anti b°d¥n@919éa4-}w%élrrfé_’&%né\@f"t'ﬁ%rddr%é‘ﬂ%k%a?ﬁGEieLis.C enol ase is Sexpressed

primarily 1n neurons, 1h normal and in neoplastic neuroendocrine cells. NJ
HB Hu protein (antibody 16A11, abl14370) - Binds specifically to a conserved

o1 0t of ns{21 Ebing R BRTARAY S G Bbag oA Brarken PR ssfett T PUIINE LIS T

neuron-specific RNA processing. It is localised to brain tissue. [ 12]
SAPAP3 (anti body ab67224) - Located at postsynaptic regions in neuronal
15cel | s. Ne ] Santi body [PP-67, 526) - Ki67 is routinely used as

m
2 neur ony) BFRSKS (aniiibch U5 BT . PRI PRAaH o BRIAZERY JSAIIHRbntVer ket -

MAP2 is e ngj o ated protein of brarn tissue. [ 15]
Myel i n Bafthe GN8t kireg(latesi grrdyexyBeision aal gizga8bpmendlod pdatmitglicot ei n

gg\r/rgi)(gg%ﬁqiaferén%gteryﬁl)dn% rr\rgunri%gne. May have a role in early brain 25

[2] CD90 (antibody 1.BB.730, ab62009) - Expressed on neural cells, T cells,

early hematopoietic progenitors, fibroblasts, neurons and Kupffer's cells.

15 [3] UCHL1/3 (antibody ab75275) - A role in the regulation of neuronal

development.

[4] PLAGL1(antibody ab55659) — Expressed in neuron-epithelia during early
brain development

20
[5] HLXB9 (antibody EPR3342, ab79541) — A homeobox gene expressed
selectively by motor neurons in the developing vertebrate CNS developmentally

regulates neuronal fate.
25 [6] NeuroD2 antibody (ab66607) - Induces neuronal differentiation and survival.
[7] NEUROD4 antibody (ab67168) - Mediates neuronal differentiation

[8] NEURODG6 antibody (ab77998) - Involved in neuronal differentiation and

30 maturation
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[ 16] Kinesin (antibody ab25715), Kinesin 2 (antibody K2.4, ab24626) and

Ki nesin 5A (anti body ab5628) - Involved in vesicle transport in neuronal
cell s. 5AVD20red93In- speci fic. 30 [17] NeuN (anti body ABOT/ERRVPBLTY2 -

Neur on-specific nuclear protein is a marker for neurons. NeuN is found

t hroughout the nervous system cerebellum cerebral cortex, hippocanpus,

t hal anus and spinal cord. 5 [18] Nfascl86 (antibody ab31719) - Expressed in

neurons at the Nodes of Ranvier. [19] Pinl (anti body ab12107) -
| mpl i cat ngu.ida,st-qmep@bhwt@qimeﬁshat underlie Al zheinmer's Disease. Pinl could
be pivotal Tor mnai ntenance of normal neuronal 10function. [20] Neuroli g| n

3 (anti bHJi{}"‘&b@?%mt'deN@@ﬁ@ﬁﬁé) nAdeusonal irameshiale e@é'b/lgeé‘ﬁrthﬁ(:@aﬁ 8tein.

21] P Y92, ab32570) - Ex d

127 corts B PR syhapBIEASRSY o P T e Ubi quitous but oxpressed
especially |n neurons. 20 H ppochanpal neurons [1] SynGAP (anti body
EPR2883Y I hi I

neur ohs. HRefaRn CORIGRAT SR Wk s ORa el B g mEBRAI8E) -
Essenti ajhef@Mst he formati on of spine apparatuses of tel encephalic neurons.

I nvol ved in synaptic plasticity. Dopam nerqic neurons - Early markers
[1] PITX3 (anti body ab30734) - The transcription factor regul ates the 30

di f f er eni3 #BRAN AtibdaP 2585 A BEHEGBtion factor, expressed by intermediate
progenitor cells during development. IPCs divide within the ventricular zone (VZ)

10 or subventricular zone (SVZ) and produce a strictly neuronal population

Neurons - Late markers
[1] SIRP (antibody OX-41, ab9295) - Expressed by myeloid cells and neurons

15 [2] Ataxin 7 (antibody ab11434) - located in the cytoplasm and on the nuclear

membrane of normal brain neurons.

[3] GIRK2 (antibody ab30738) - Neuronal GIRK2 channels are involved in the

regulation of the excitability of neurons and may contribute to the resting potential.

20
[4] Profilin 2 (antibody ab55611) - Profilin 2 is the neuronal specific.
[5] AP180 (antibody AP180-I, ab11329) - Expression restricted to cells of
neuronal origin.

25

[6] PGP9.5 (antibody ab27053) Neuronal Marker - Expression of PGP9.5 is
highly specific to neurons and to cells of the diffuse neuroendocrine system and

their tumors.

30 [7] SorCS1 (antibody ab16641) Neuronal Marker - SorCS1 immunoreactivity is

widespread in a population of neurons throughout the brain.
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[2] Nurrl (antibody ab12261) - A transcription factor expressed in the
enbryonic ventral mdbrain. Critical for the devel opnent and nai ntenance of
dopam ne WORPWNIF9346[ 3] AMSX1 (anti body 4F11, ab73883) - PAF{EP2016/0p362I | el
with the Witl to establish the m dbrain dopam nergic progenitor domain,
gives rise to a neuronal popul ation. Dopam nergi ¢c neurons - Late markers

[ 1] Tyrosi ne Hydroxyl ase (anti body 185, abl10372) Neuronal Mrker - TH has a
10 role in the physiol ogy of adrenergic neurons and is regularly used as a
mar ker for dopaminergic neurons. [2] Dopami ne D2 Receptor (antibody
ab30743)- Expressed in the pituitary and brain. 15 ALDHIAl (anti body
ab23375) 8] '\B\/aﬂéggf&?qyratt 2§é)r!;\'é’lvaﬂe'ﬁl%aeur@érﬁﬂeélf'crﬁ"&ﬁrbdﬂﬁ' ORI -ner gi c
neurons), and hematopoietic stemcells. [3] DOPA Decarboxyl ase (anti body
ab3905) - An enzyne inplicated in the synthesis of the neurotransmtters:
dopami ne[%htﬁl'séarrﬁibody ra1b9@4):]NeU'romll Markuewemn[sp]ectﬂacﬂriqf@eﬁiset yI transf er ase
(anti as a s i c, marker for chol eurons in
both ‘ber TBRT RIPEN Farri S B ey ATk B et s Ene matEHEe el

Syntaxin and 2 (antlbody 4H256, ab18010 and ab12369 respectlvely) -

Neur onal iﬁ;aX|ns | ocalized to termnals of sensory neurons and nerve

reachi ngl19hEIB HHI%@*&"\/@%‘QPQY 186 1l08b 1E11Q)v Bings pRgfically to a conserved

peptide epitope present in members of the Hu family of vertebrate neuronal
proteins.

10
[11] ELAVL4 (antibody 16C12, ab14369) - May play a role in neuron-specific
RNA processing. It is localised to brain tissue.

[12] SAPAP3 (antibody ab67224) - Located at postsynaptic regions in neuronal

15 cells.

[13] Early Ki67 antibody [PP-67, 526) - Ki67 is routinely used as a neuronal

marker.

20 [14] MAP2 (antibody HM-2, ab11267) Neuronal Marker - MAP2 is the major

microtubule associated protein of brain tissue.

[15] Myelin Basic Protein (antibody MBP101, ab62631) - abundant protein
components of the myelin membrane. May have a role in early brain

25 development.

[16] Kinesin (antibody ab25715), Kinesin 2 (antibody K2.4, ab24626) and Kinesin
5A (antibody ab5628) - Involved in vesicle transport in neuronal cells. 5A is
neuron-specific.

30
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[1] Peripherin (antibody 2QL35 ab17999) noci ceptive (pain) neuron marker -
Found in the neurons of peripheral ganglia and their processes. Motor

Neur ons S5WVOJ]2010s14e3461 (anti body ab20670) Neural Stem Cel IPCWHPRE0N/003762
transcription factor playing a role in neural tube notor neuron
differentiation and the enbryogenesis of pancreatic islets cells. [ 2]
Islet 2 (anti body ab26117) Neural Stem Cell Marker - A transcription factor
10 that defines subcl asses of notor neurons. Pvrimdal neurons - Early

mar kers [17] NelN @tibodpA60bany7 34532 Nsdron-spebifitrrieRar pesteirsipermirias! | y

expressed pyram dal neurons. Enx1l is a reliable marker of pyram dal neurons
and {oz]neumn%me@a{ isfaund thraugheut the seraNRiSYsiami wyaheluBeeyghral-

Expr esse&’or‘t& th khﬁ%h@éﬂd%ﬁﬂ%o?” y enbryogenesis it

di stingui shes e pa eocortex, |inbic- neo-cortex donai ns. Pvrim dal
neurons - Late mar kers 20 [1] Hi ppocal cin (antibody ab24560) - Restricted

L oor o BB RBa RS Byt e R et NRRREAD it
ab68385) Rantiegel | surface ganglioside epitope 25 expressed in devel opi ng

ol i godendrocyte progenitors and neuroendocrine cells [2] PDG- al pha
Receptor (antibody Y92, ab32570) - Al pha subunit expressed in

ol i godenﬁgggwﬁﬂa%.eegpbp@m | 'Jﬁw(?hégte[d% 15 bathdiggies eAinakALo43) - Aligl
pr onot es rmation o i goden C
Alzheimer's Disease. Pin1 could be plvotal for maintenance of normal neuronal

10  function.

[20] Neuroligin 3 (antibody ab57375) - Neuroligin 3 is a neuronal cell surface

protein.
15 [21] PDGF beta Receptor (antibody Y92, ab32570) - Expressed on neurons.

[22] Cofilin (antibody ab54532) - Cofilin is ubiquitous but expressed especially in

neurons.

20 Hippochampal neurons
[1] SynGAP (antibody EPR2883Y, ab77235) — Expressed exclusively at

synapses in hippocampal neurons.

Telencephalic neurons

25 [1] Synaptopodin (antibody ab50485) - Essential for the formation of spine

apparatuses of telencephalic neurons. Involved in synaptic plasticity.

Dopaminergic neurons - Early markers
[1] PITX3 (antibody ab30734) - The transcription factor regulates the

30 differentiation of dopaminergic neurons
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[4] Aig2 (antibody ab56643)- Transcription factor required for

ol i godendrocyte, spinal cord notor neurons, and for the devel opnent of
somati ¢ MEOaP1IvEeI4ens i n t he hi ndbrain. [ 5] OSP (ant iPbodp2e&io/ndind)

A i godendrocyte Marker - Expression is highly 5regul ated during

devel opnment, it may play a role in the gromh and differentiation of

ol i godendrocytes [6] Aig3 antibody (ab78006) - Aig3 is transiently
expressed in different types of progenitors of enbryonic central nervous
system (b9 NdriOemEbdapapt 236 1) -| AtrahsedbtRinGabir kspreskdd iband émbronant i body
ab16640) - Expressed i n brain, spinal cord and nuscle. Sortilin acts as a
r ecept or vensral aidpeaifsiitical festhe deyelopmens aad saaintanansg of oraBIRAgenesi s.
a iqodengé@@Mges - Late markers [1] Myelin oligodendrocyte glycoprotein
(anti body -87-8, ab24022) - MG is found on the surface of nyelinating
ol i godendrocytes. 20 [2] CNPase (antibody 11-5B, ab6319) digodendrocyte

Mar ker - [ d | j gode tes and b hwann l.lS. 3 elin
PP (ant FEARSRT SntboddidsSty 387 aBEYL Be o pataueh Al 8P Htido sstaphish "
predom ngyat miBbRAIhYdpadhiaémid prdgeniteNFombn ghvesdisentod headaabpesyihton.

devel opment 25and axonal survival. [4] CaMKI Il (antibody ab63377) - A

ubi qui tous kinase that is abundant in the brain as a maj or constituent of

the post pypapiidqRansirbys - BidNagn@egdocrine cell's
[1] Tyrosine Hydroxylase (antibody 185, ab10372) Neuronal Marker — TH has a

10 role in the physiology of adrenergic neurons and is regulary used as a marker for

dopaminergic neurons.

[2] Dopamine D2 Receptor (antibody ab30743) - Expressed in the pituitary and
brain.
15 ALDH1A1 (antibody ab23375) - Expressed in the dorsal retina, ventral midbrain

(dopaminergic neurons), and hematopoietic stem cells.

[3] DOPA Decarboxylase (antibody ab3905) - An enzyme implicated in the
synthesis of the neurotransmitters: dopamine and serotonin
20

Cholinergic neurons

[1] Choline Acetyltransferase (antibody ab54599) - Serves as a specific marker

for cholinergic neurons in both peripheral and central nervous systems

25  Sensory neurons
[1] Syntaxin and 2 (antibody 4H256, ab18010 and ab12369 respectively) -

Neuronal syntaxins, localized to terminals of sensory neurons and nerve

reaching small blood vessels.

30 Nociceptive neurons
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Chronmogranin A (anti body 23A1, ab36997) - Expressed in neuroendocrine
cells. Axons [1] Neurofilanents constitute the nmain structural elenents
of neur ormalD 2000133346 synpat heti ¢ ganglion cells and dendr PCEEP2R00037E2

Neur of i | anent Heavy (anti body ab8135) 5160 kD Neurofil anent Medi um

(anti body 3H11, ab7256) 145 kD Neurofil ament (antibody 2E30, ab35953) 68kDa
Neur of i | anent (anti body DA2 ab4572) [2] 14-3-3 (anti body 2Q248,
ab14121) - Localized in neurons, and axonally 10transported to the nerve
term nal Peh?&enﬁ?(éhtb@ﬂ?&@t&ﬁ @@mmc.cbﬁw@ ) ieuksA Pddrkept growt h as a
corrponen he network of nol ecul es that regulate cellular norphol ogy and
axon gui kRunskinithe neyerns afperipheyalgandtia Apg ek PFPQegsesbody 440. 4, ab6305) &
intermediate chain 1 (antibody 70.1, ab6304) Expressed in m crotubul es
Dynein has been inplicated in axonal transport [5] G gaxonin

(ant i bodiotdy Nelfdns - Ubi qui t ously expressed essential for neuronal

rouse arld I PR ab20670) NGy Rt CenAIKET RSP IR E 66001y | |
MAP2 (and|ig ﬂg)é M@Mra?@lb%ﬁ’é@rh@ﬂ?drb@ﬁéré’r@tn@rb%ﬂa%e eMirgagenddid2b

antlbody (AP20, ab30
of pancreatlc |slets ceIIs

[2] Islet 2 (antibody ab26117) Neural Stem Cell Marker - A transcription factor
10 that defines subclasses of motor neurons.

Pyrimidal neurons - Early markers

[1] Emx1 (antibody ab32925) A homeobox gene specifically expressed

15 pyramidal cell lineage.
[2] TBR1 (antibody (ab56994) - Expressed in the cerebral cortex. During early

embryogenesis it distinguishes the paleocortex, limbic- and neo-cortex domains.

Pyrimidal neurons - Late markers
20 [1] Hippocalcin (antibody ab24560) - Restricted to the CNS and most abundant in
pyramidal cells of the hippocampal CA1 region

Oligodendrocytes - Early markers
[1] A2B5 (antibody 2Q162, ab68385) - A cell surface ganglioside epitope

25 expressed in developing oligodendrocyte progenitors and neuroendocrine cells

[2] PDGF alpha Receptor (antibody Y92, ab32570) - Alpha subunit expressed in

oligodendrocyte progenitor cells.

30 [3] Olig1 (antibody ab21943) - Olig1 promotes formation of oligodendrocytes.
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M crot ubul es are conposed of tubulin and m crotubul e-associ ated proteins.

MAPL1 i s neuronal - specific. [8 Netrin GL ligand (anti body ab31983) -
Expr essedwhi2giVpod4n t hal ami ¢ axons in 30t he striatum an@CTHP20/063762l
cortex. NG1 is inplicated in facilitating axonal growt h. [9] Plexin

B2 (anti body ab41098) - This receptor has a key role in axon gui dance.
[ 10] Robo2 (anti body ab72972) - A receptor for Slit2 and Slitl, which guide
5axonal navigation of the neural tube during neuronal devel oprment. [11]

Tau (antjaposiy2q8Rtisdy k866233 th@rptmnﬁamok%@lmaa odBridréé bl e
associ ated protein found predom nantﬂy on axons. 10[12] Tubulin ant| body
ey

YOL1/ 34, SRIR8I1GIY mater B@w@aneamméhe ploPMast of ﬁomatw mptgf eemr@oéum/ed in

m crotubfg jﬂ@ p.l;(atl on. Schwann cells [ 1] NGF Receptor (antibody
MLR2, ab f (? pressed in Schwann cells and 15neurons. During

devel opnidhONE @R tibedylabidg4 ) ligodehdmpoyte Markergr Bxpressiodiis heghiynt i at i on and

by ol goedlater fitiad fizveRpiaRs eV slnnannied e Sramhrand dfeisaleR e vous

20 syst eghollgdHeRlifoeyR@ N (anti body ab24483) - Expressed by nyelinating
Schwann cel |l's, accunul ates at the edges of each nyelin segnent during

devel opnent. 25 [4] Lgi4 (anti body KT18, ab63289) - Expressed in Schwann

oo 5 B MR A moteie e ekl Bphen TSI g 1

peri pher;alogemhd)nsmf@mbryemm&mntraon@r@puhgyéte(mnt| body KT18. ab63289) - Lgi 4
is expressed in Schwann cells, controlling axon segregation and nyelin
formation

Oligodendrocytes - Intermediate markers

[1] Sortilin (antibody ab16640) - Expressed in brain, spinal cord and muscle.
Sortilin acts as a receptor for neurotensin. Sortilin is expressed during
15 embryogenesis.
Oligodendrocytes - Late markers
[1] Myelin oligodendrocyte glycoprotein (antibody F3-87-8, ab24022) - MOG is

found on the surface of myelinating oligodendrocytes.

20 [2] CNPase (antibody 11-5B, ab6319) Oligodendrocyte Marker - Expressed by

oligodendrocytes and by Schwann cells.

[3] Myelin PLP (antibody plpc 1, ab9311), Oligodendrocyte Marker - The most
predominant myelin protein in the CNS. Involved in oligodendrocyte development

25 and axonal survival.

[4] CaMKII (antibody ab63377) - A ubiquitous kinase that is abundant in the brain

as a major constituent of the postsynaptic density.

30 Neuroendocrine cells

Chromogranin A (antibody 23A1, ab36997) - Expressed in neuroendocrine cells.

57



Dendrites - Early markers Arg 3.1 (antibody ab23382) - An imedi ate early
gene, enriched in the brain expression is induced by neuronal activity.

Expr esseawOreoterdelid4st es i n t he hi ppocanpus, anygdal a, hypPOTHERRE@N083765t ri at um
and cortex 5 Dendrites - Late markers [1] RRIMS3 (anti body ab50198) -

| ocal i ses to neuronal dendrites and the postsynaptic densities. 10[2]
Drebrin (anti body M2F6, abl2350) - Drebrin is a nmajor neuronal F-actin

bi nding protein involved in the control of actin dynam cs and neuronal

nor phogeaRsShsS - [3] Neuron specific beta IIl Tubulin (antibody
ab18207) Abundant in the CNS 15 and PNS where it is expressed during

fetal anH]MWA@@pnmsamme main ptrepiond) 21gaARiSKY dEUTANAION39, ab69738)

- Synamrﬁﬁgmghgégﬂgl%péafsrhnjoog%? 1t9% ected in dendritic shafts and spines

of asy synapses hers - Follicular dendritic cell
mar ker (200 kbddgurabil@ibs3it l-mwr(anilbnd;mtw%l body (antibody ab8171) G owth

cone - rke 995) - CRMP2 (anti body
ab545546) ?&@g&%‘éﬁ? E%prﬂ@'\é\%lﬁ'fgg?%?é‘ﬁ 5133 gt? nse nediator proteins are
i nvol vedq4% kDaVe@olanthrt (g lyXE30).ab3%088) and growt h cone gui dance
during neural developnent. 30 [2] NRP2 (antibody 96009, ab50205) - NRP2 is

a nmenber68Da h@uﬁ@‘ﬁ@'BBN {antibady DA20ab4%%2dpt or proteins, may play a role in
cardi ovascul ar devel opnment and axon gui dance.

[2] 14-3-3 (antibody 2Q248, ab14121) - Localized in neurons, and axonally

10 transported to the nerve terminals.

[3] Fez1 (antibody ab53562) - Involved in axonal outgrowth as a component of
the network of molecules that regulate cellular morphology and axon guidance
machinery

15 [4] Dynein heavy chain (antibody 440.4, ab6305) & intermediate chain 1
(antibody 70.1, ab6304) Expressed in microtubules Dynein has been implicated

in axonal transport

[5] Gigaxonin (antibody ab27041) - Ubiquitously expressed essential for neuronal

20 function and survival.
[6] Lingo1 (antibody ab23631) - Expressed in mouse and human brains.

[71 MAP1a + MAP1b (antibody HM-1, ab66021) MAP2 (antibody ab32454)
25 MAP1B (antibody 3G5 ab3095), MAP2a + MAP2b antibody (AP20, ab3096) -
Microtubules are composed of tubulin and microtubule-associated proteins.

MAP1 is neuronal-specific.
[8] Netrin G1 ligand (antibody ab31983) - Expressed highly in thalamic axons in

30 the striatum and the cerebral cortex. NGL1 is implicated in facilitating axonal
growth.
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G owmh cone - Late markers [1] Agrin (antibody AGR 131, ab12362) -
Pronpotes clustering of nicotinic acetylcholine receptors (and ot hers)

duri ng dewelopvemi46at t he neuronuscul ar junction 5 [ 2] PBANHEP2EHSH0TbAt ed
protein 2 isoform 3 (anti body ab791) - Brain-specific angi ogenesis

i nhi bi tor [3] BAI AP2 (antibody ab56588) - A brain-specific

angi ogenesi s inhibitor, involved 10in neuronal growth-cone guidance. [4]
BASP1 (anti body ab79349) - A protein abundantly expressed in the brain.
[5] Doublecortin (antibody ab28941) - A microtubule binding protein found
in cell 15bodies and | eadin Lgd)rocesses of m grating neurons and axons of
di f f er enlSl Eiexiy Brdantibrdy apF1098) n This@septor Ras keerale imaxenheuidanes5900) |
A2 (anti body RM 0051-8F21 ab73254), A3 (antibody 6Cl1B6, ab76361), A4
(anti body 7D3D4 ab70403), A5 20 (anti body ab54633), A6 (anti body ab58022),
A7 (anti [lj@q:lﬁoabzz(ﬁmﬁl)qdy,%?(?@ﬁm bédyecabtb@ €ars5lit2 Bhd (St i wloidh goiilic) A4,
ab66326) ant i é b54650 u&antl body .ap54717 B4 (anti body

4A 2 %’6&’\‘—% ayiga %’é Lféé T(“é?ﬁtq B‘@W%’A X6 - EPHrel at ed
recept ors have been inplicated in nediating neur al tissue devel opnent al
events. Devel op mgq and adult neural tissue_express 25all of the Eph

r ecept or B 1hdgudantinady ahf{6ds Nerrpral dMarkge- Epyis a Aeprnal misratypyedi at i ng
| 7] Eph Al ti bod
b 7040) “A5RRAEY BRSICPALAY pfedShich Rl ORI BERE' 0T 6150) . Thd (anti body )

ab53062), B2 (ant| body ab75868) and B3 (antibody ab53063) - 30Ephri ns are

Lo | O35 byl B SRR 98 S KA Bt e RRSHEH L e LT FBY"

even
are involved in microtubule organization.

Schwann cells
[11 NGF Receptor (antibody MLR2, ab61425) - Expressed in Schwann cells and

15 neurons. During development NGFR regulates neuronal growth, migration,

differentiation and cell death.

[2] Myelin (antibody pm432B5, ab58513) - Myelin is produced by
oligodendrocytes in the CNS and Schwann cells in the peripheral nervous

20 system

[3] Gliomedin (antibody ab24483) - Expressed by myelinating Schwann cells,
accumulates at the edges of each myelin segment during development.

25 [4] Lgi4 (antibody KT18, ab63289) - Expressed in Schwann cells.

[5] Myelin Protein Zero (antibody ab31851) - Expression of MPZ is restricted to

Schwann cells. It is the major structural protein of peripheral myelin and nerves.

30 [6] Lgi4 (antibody KT18. ab63289) - Lgi4 is expressed in Schwann cells,

controlling axon segregation and myelin formation
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[ 8] GAP43 (anti body GAP-7B10, ab50608) - A neuronal growth cone protein.
[9] GPRINL (anti body ab74577) - GPRIN1 is involved in neurite outgrowh

5[ 10] LI MvRi20e89346( ant i body ab51200) - Active in the braraErang/osiyohal
chord, where it is believed to be involved in the devel opnent of nerve
cells. [11] NCAM (anti body 123C3, ab28377) - Expressed on nost
neur oect odernmal derived cells. 10 [12] Neuroserpin (antibody ab55587) -
Predom nantly expressed by neurons of the devel oping and adult brain. This

serpin i.e,s@,qstégtegér rrﬁgpk@xg)nal growt h cones of the CNS and PNS. 15 Soma
[1] ALK Tanti éﬂﬁ - ALK is found in the nervous system
expr essedrd & 1f(@ntipody ?Pm%ny“” immediaie early gepanenidied inghe 1 -

oXPr esseldBelibh ieRRLEAY b %re\ap&%n%%ég%g};\%b?&ssueqﬁu BnbARiReGy absssol) -

Brain spéCific growth suppressor (ant'i body 23E 6967) - Is a
neur al - siippoarapps,creygdaly,rfopotiealpmospstaahse andyoodpse - Early narkers
Syntenin (anti body ab19903) - Regul at ed devel opnental profile in neurons
and i% nost abundant in the period of intense growh and synapse fornation.

Synapse pehdiites TS hfarkers
[1] RRIMS3 (antibody ab50198) - localises to neuronal dendrites and the

postsynaptic densities.

10  [2] Drebrin (antibody M2F6, ab12350) — Drebrin is a major neuronal F-actin
binding protein involved in the control of actin dynamics and neuronal

morphogenesis.

[3] Neuron specific beta 11l Tubulin (antibody ab18207) - Abundant in the CNS

15 and PNS where it is expressed during fetal and postnatal development.

[4] SAP102 (antibody 7D3mAb 119, ab69738) - Synapse-associated protein 102

is detected in dendritic shafts and spines of asymmetric type 1 synapses.

20 [5] Others - Follicular dendritic cell marker (antibody ab8138)
Dendritic cell antibody (antibody ab8171)

Growth cone - Early markers
25 [1] CRMP1 (antibody ab76995) - CRMP2 (antibody ab54546) CRMP5 (antibody

ab77158)
Collapsin response mediator proteins are involved in neuronal differentiation,

axonal and growth cone guidance during neural development.

30  [2] NRP2 (antibody 96009, ab50205) - NRP2 is a member of the neuropilin family
of receptor proteins, may play a role in cardiovascular development and axon

guidance.

60



[ 1] EAAT2 (anti body ab77039) - Essential for termnating the postsynaptic
action of glutamate. 5[2] Neurexin |l al pha (anti body ab34245), Neurexin |
bet a (antWBadw/&@PAF596) and NRXN3 (anti body abl18523) - RETAFAH0/0PI62 ei ns
that function as cell adhesion nol ecul es during synaptogenesis [ 3]
Anphi physi n (anti body Cl14-23, ab16770) - Associated with the cytoplasmc
10surface of synaptic vesicles. [4] Bassoon (antibody SAP7F407, abl13249) -
Localized to the presynaptic nerve termnals. 15[5] SAP102 (anti body
ab12086) Growthssorpsieatemaarkers detected in dendritic shafts and spines of
asymmetrjc type 1 syna s, [ 6] CASK (antibody ab11343) - Localized to
neur onal [1d heEipd@stibagy gé% @i)élpkzéﬁ?? bgmaﬁmw%&% ESPUIIC( ant i body
ab77978) 4 j ' | | ' ' ocyt osi s.
(3] | Rt PACEhOTR, ecBlcRl St o o e e e ot
density jhchomitatory synapses throughout the brain, but is not detected in
25inhi bitory synapses. [9] CSP (anti body ab79346) - Localized to the

cytopl asm c surface of the synaptic vesicle. 30 [10] CTBP2 (anti body
ab67161) [2] BAd1 is86ciatesiqbicm @ isforrdBE@intibbae db3yNamBesn-spédifid Dystrobrevin
al pha (anti body ab72793) - Localizes to the sarcolemma may be involved in
the forn@P9iggengsis ithiliiari ty of synapses. [12] HOVER2 (anti body
ab75037) - Plays an inportant role in maintaining the 5plasticity at

gl utamat ergi ¢ synapses. [13] HOVER3 (anti body ab75038) - A post-synaptic
density B¢&APai(antipodytahia6588) - A brain-specific angiogenesis inhibitor, involved

10  in neuronal growth-cone guidance.

[4] BASP1 (antibody ab79349) - A protein abundantly expressed in the brain.

[5] Doublecortin (antibody ab28941) - A microtubule binding protein found in cell
15 bodies and leading processes of migrating neurons and axons of differentiating

neurons.

[6] Eph receptor A1 protein (antibody ab55900), A2 (antibody RM-0051-8F21
ab73254), A3 (antibody 6C1B6, ab76361), A4 (antibody 7D3D4 ab70403), A5

20 (antibody ab54633), A6 (antibody ab58022), A7 (antibody ab54640), A8
(antibody ab10615), B1 (antibody 5F 10A4, ab66326), B2 (antibody ab54650), B3
(antibody ab54717), B4 (antibody 4A12G8, 5G2F8, ab66336) and B6 (antibody
2A6B9, ab66325) - EPH-related receptors have been implicated in mediating
neural tissue developmental events. Developing and adult neural tissue express

25 all of the Eph receptors and ephrin ligands. Role of the EPH-receptors is in

mediating axonal guidance and neural crest cell migration.

[7]1 Ephrin A1 (antibody ab7040), A2 (antibody ab65041), A3 (antibody ab66150),
A4 (antibody ab53062), B2 (antibody ab75868) and B3 (antibody ab53063) -
30 Ephrins are the ligands of the Eph receptors implicated in mediating

developmental events in the nervous system.
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[14] I CAl (anti body ab55253) - May play a role in neurotransmtter
secretion, 10 expressed abundantly in pancreas, heart and brain [15] Minc
13 (anti bwoporbayRe7) - Involved in primng synaptic ve®CEEP2010/003762 [ 16]
Muncl1l8 (anti body ab3451) - Regul ates synaptic vesicle docking and fusion.
15It is essential for neurotransm ssion and binds syntaxin. [17]

Neur ogl ycan C (anti body ab31946) - Expressed in the central nervous system
20[ 18] Neuroligin 1 (antibody ab56882), Neuroligin 2 (antibody ab36602) -
Neur ol i g[&gsspap@g By GARI7B18]BBS06T8 ) A AeUfdRRI grdwtA]coReate{mnt i body
ab12097) Synaptic Marker - Clusters the N-nethyl-Daspartate receptor

( NVDAR) atﬁs)g/na ses. 25 é,%g% PSD95 (anti body 6G5-1C9, ab2723) - Located at
post synal$il IGPRIiNTe@ntipodya 50afGBRINT i invelwed iy seviiterRptgiowtBeept ors, ion
channel s, and associated signalling proteins 30 [21] Piccolo (antibody
ab20664) Synaptic Marker - A presynaptic cytomatrix protein concentrated at
t he pireslmm}iptl\i/lcklirﬁésdel @Entispdppbbd 20 0NcActivesn the B@inlalnﬂ&p@raamchgugy ab24383) -
Positive regul ate synapti,c transm ssion 23] _SAP97 nti body RPlI 197. 4,
o737, whelmhts Shlevad 3 Be R vl &d Rulpe ey Plansnartrof Beva seBe | on Lhanne
clustering at synaptic termnal. 5 [24] SAPAP3 (anti body ab67224) -

Local i zed at postsynaptic density %gSD in neuronal cells [ 25] SNAP23
(ant i bod} 1éb€g‘§ﬂi§inﬂb@$ynb%ﬁ%(ﬂ’@83 soExpresgeootrepsingyragctade@yaliorol e in
the procgss, Q]f%é'rgrrbrane fusion in intracellular vesicle trafficking. [26]
SNAP25 (ant (B0 y ab66066) - A pre-synaptic nerve term nal protein that

pl ayr) an essential role in synaptic vesicle fusion and exocytosis.

[12] Neuroserpin (antibody ab55587) - Predominantly expressed by neurons of
the developing and adult brain. This serpin is secreted from axonal growth cones
of the CNS and PNS.

15 Soma
[1] ALK (antibody ALKc ab650) - ALK is found in the nervous system expressed

in forebrain neurons.

[2] Membralin (antibody ab21818) - Expressed in the central nervous system.

20
[3] Necdin (antibody ab55501) - Brain specific growth suppressor
[4] STEP (antibody 23E5, ab16967) - Is a neural-specific protein-tyrosine
phosphatase.

25
Synapse - Early markers
Syntenin (antibody ab19903) - Regulated developmental profile in neurons and is
most abundant in the period of intense growth and synapse formation.

30
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15[ 27] SNAP29 (anti body ab56566) - Involved in nenbrane trafficking steps,
binds to syntaxins. [28] SNAPIN (anti body ab37496) - A conponent of the
SNARE corDerivgepssred for synaptic vesicle docki ng andPCH&IPe0/02362 [ 29]
SV2A (anti body 15E11, ab49572), SV2B (anti body ab68025) and SV2C (anti body
ab33892) - Integral nenbrane gl ycoproteins present in all synaptic
vesicles. 25 [30] SYNPR (anti body ab75053) - A conponent of the synaptic
vesi cl e nenbrane and t hought to play an inportant role in synaptic vesicle
traf fi ckBpgapse - L3telm&Skeepsin 1, Il and 111 (anti body ab57468), (anti body
EPR3277, ab76494) and ant i bod ab6884_92: respectively. Synapsins are

neur onal l%&&%iﬂ@eﬂh@b%ﬁ@%% Sosseidigtiostermipating tie DMRERFAEUQRr f ace of
synapti Cof’@ﬁia%é’t%; [ 32] Synaptobrevin (anti body 4E240, ab18013) - Invol ved
in the docking and/or fusion of synaptic vesicles with the presynaptic
menbr ane. [ 33] Synaptojanin (anti body ab19904) Synaptic Marker -

ab18008) (2 Noukeind G0 RS e 247 Nea RN Bhe hbor b 2808) o™

brain, sphddNRXI08 dant@idyrb18623) <Nearaifal pesteinal thaefdrtiich agesn omuscul ar
junctions. 10 [35] Synaptotagmn (antibody ASV30, abl13259) - Integral
menbr ane@@h@tien M C‘%%?IQB'E'W:SM@Q%%‘?S'S [36] Utrophin (antibody

DRP3/ 20C5, ab49174 - Located at the neuromuscul ar 15 synapse and

nyot endi nous junctions, participates in post-synaptic nmenbrane mai ntenance
and r ece[] &mphipBysin {anfibody £r14-YBNE1 G708 i Hsdgcietashwitl Bits ctbplasong - A

smal |[,in rptein found specifically in synaptic vesicles in
neur!)(hs. E%%%%@ﬁﬁg?%?%ém n Xl (anti body ab76261) - Involved in the
regul ation of transmtter release in the nervous system serves as a Ca(2+)

sensors l‘ﬁ Bvaggé_)grllj l(éanrtibtor(ﬁfsf,&ﬁﬂé{bgl , aart])q 3(32{8)0}/ IEgcse;Ii%'ed to the presynaptic nerve

terminals.

15 [5] SAP102 (antibody ab12086) - A synapse protein, detected in dendritic shafts

and spines of asymmetric type 1 synapses.

[6] CASK (antibody ab11343) - Localized to neuronal synapses.

20 [7] CPLX1 (antibody ab15855) and CPLX2 (antibody ab77978) - Cytosolic

proteins that function in synaptic vesicle exocytosis.

[8] CRIPT (antibody ab16422) - Colocalises with PSD95 in the postsynaptic
density of excitatory synapses throughout the brain, but is not detected in

25 inhibitory synapses.

[9] CSP (antibody ab79346) - Localized to the cytoplasmic surface of the

synaptic vesicle.

30 [10] CTBP2 (antibody ab67161) - Acts as a scaffold for specialized synapses
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25 Ot her Neural markers [1] MEF2A (anti body ab55547) - Abundant in granule
neurons of the cerebellar cortex throughout synaptogenesis. Al so has key
rol es i n Werdioaednd skel etal muscl e devel opnent. [2] REFZEB2¢1Q00376Ddy
ab55565) - Regul ates the expression of nuscle related genes during

devel opment. They are also involved in differentiation of certain
neurogenic cells. 5 [3] MEF2C (anti body ab43796) - Controls cardi ac

nor phogenesi s and nyogenesis. It nay al so be involved in neurogenesis and

in the devgDysEbhievRf alphalastody a872A76G) ULecalizes to i sacbRimrhamhapody
ab43797) - Involved in the differentiation of myogenic and 10 al so sone
neur ogenb@ invelves in Are forpafion and stability 9f-3¥n8RSe$r ot ocol s to achieve i)
differentiation, ii) inhibitor details and iii) adi pocyte nmarkers 15 The
differentiation of progenitor cells into adi pocytes is possible utilizing
wel | chaf2i HOMERZ (antib@dybah 857 ) pRiaycan snportdntasletinanaidtaningieel by Dani C
et al_, éﬂQﬁZG ‘]t' Ilgell Sci. 110, 1279-1285 Using this and rel ated protocols
it is po PPy F'P @H@rt%'igécﬁmdﬁggﬁtes frompluri- and multi-potent

progenitor stens cells. 20 Enbryonic stemcells are pluripotent cells and
can be maintained in an undifferentiated state in the presence of |eukaem a
i nhi bi t o] HRVBR3((entlyod y@btRG3R) -1A posiriynaatc Agnsibeseatiolding pEatein.
differentiation agent results in the commtnent of ES cells into a variety
of cell types including adi pocytes, cardiac 25 cells, skeletal nuscle cells
and neur gd$ JCA(atibpdysabbi268) £ May plays a delerininesiretransanitter, secretiemon

precursor for ocytes.. chondrocytes_an sj.eocytes. Once commtted to the
adi pt)tg;ytE@VPF%%%G@{"C&@Y&{HPSBS% 5 ﬁ%‘?&ﬁg%}r% o adi pocytes during the later
stages of the differentiation process.

[15] Munc 13 (antibody ab27077) - Involved in priming synaptic vesicles.

[16] Munc18 (antibody ab3451) - Regulates synaptic vesicle docking and fusion.

15 Itis essential for neurotransmission and binds syntaxin.

[17] Neuroglycan C (antibody ab31946) - Expressed in the central nervous

system.

20  [18] Neuroligin 1 (antibody ab56882), Neuroligin 2 (antibody ab36602) —

Neuroligins are synaptic cell-adhesion molecules.

[19] PSD93 (antibody ab12097) Synaptic Marker - Clusters the N-methyl-D-
aspartate receptor (NMDAR) at synapses.

25
[20] PSD95 (antibody 6G6-1C9, ab2723) — Located at postsynaptic sites to form
a scaffold for the clustering of receptors, ion channels, and associated signalling

proteins

30 [21] Piccolo (antibody ab20664) Synaptic Marker - A presynaptic cytomatrix

protein concentrated at the presynaptic side of synaptic junctions.
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30 Therefore two distinct phases exist in adi pogenesis i) between days 2 -5
after enbryoid body formation, this stage requires retinoic acid and is the
comi t t alWoORAYel4PHEP ES cel | derived adi pogenesis and ii PCEaPRES/03762 ng t o
the termnal differentiation stage. This latter stage requires the

adi opgeni ¢ factor PPARy. Preadi pocyte cell |lines such as 3T3L1 and 3T3F442A
have been used to study the nechani sns associated with the | ater stages of
adi pogenesis, resulting in the 5identification and isolation of several

adi pocyt P23 PeCs [ antitgRyesh24B888) e Posiivelyeegalatey syiadietrarisnissipegenesi s are
retinoi c acid-dependent and the | ater stages PPARy-dependent. Adi pocytes
derived fromES cells can be generated after early exposure to 10retinoic

act d Tol lansdedy (iEnadPRPTaoran abbo?bssuedinrate BQQ@éiét%disgﬁHBEés- _ Under

t hese conditions, large clusters of mature adi pocytes are present in 70 -
80% of t proteintfagilitatesbiodichannelketlusteriog at synapticiteemioes t he pattern of ES cell
differentiation in a tine and concentrati on-dependent manner. During

adi pocytes differentiation, retinoic acid treatnent stimnmulates the early
conmi t mefp4] SAFRAP I @lrntidotlp ad87RR4Y lescalized at ﬁ@@ttsfznmioacuedsnpi(bsmnni n the

| at er stages of pre-adipocyte maturation. i ater inhibitory effect is
due to theureBgledliSor action of retinoic acid on the expression of the

i nportant adi pocyte transcriptional regul ator genes PPAREI and C/ EBP ( Shag,
D. and Lazar, MA., 1997, J. Biol. Chem, 272, 21473-21478). 20 ERK

si gnal | i [25] SpFRRI(antipody ahb7961) -aSyapiesarsalsAsaociated Peeteinsrplayh KeS cel | s

W th retinoic,aci d ecl fi.c. hhanhi bi e ERK pat hway)
prevgn Sroé%,rbtg%ﬂrgc%?grﬁg%ﬁ)?ggggfsﬁ%@ﬁ i 'ﬁlﬁg{:)&%@%ggghggchkgéffect on the
differentiation of ES cells into neuron or cardi omyocytes (Bost F., et al.,
2002 Biochem J.. 361, 621- 25 Differentiation of. enbryonic stemcells
“nto ad BRLPNAPAS AibPAY RBCHRISCA BisEYARIE S BTSRRI Miata0. B 4TCoa
and CGRBp0E @ns3entd BRh s@nSFﬁé vesi€ld38dibn bnd@ldcytesis. 110, 1279-1285 to

generate adi pocytes. Briefly, this process involved culturing the
undi fferentiated cell lines in feeder-free 30 conditions on gel alin-coated

b1 Cafboray L SNAPHRLBEY pH bSO Fa0q I HAHRERR ARG Steps BiRgE! 1M

no aci ds,
to syntaxins.

[28] SNAPIN (antibody ab37496) - A component of the SNARE complex required
for synaptic vesicle docking and fusion.

20
[29] SV2A (antibody 15E11, ab49572), SV2B (antibody ab68025) and SV2C
(antibody ab33892) - Integral membrane glycoproteins present in all synaptic
vesicles.

25 [30] SYNPR (antibody ab75053) - A component of the synaptic vesicle

membrane and thought to play an important role in synaptic vesicle trafficking.
[31] Synapsin |, Il and Ill (antibody ab57468), (antibody EPR3277, ab76494) and

antibody ab68849) respectively. Synapsins are neuronal phosphoproteins which

30 associate with the cytoplasmic surface of synaptic vesicles.
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gl utam ne, 1nM pyruvate, 100pM nercapt oet hanol and 10% v/v foetal calf
serun). Leukem a-inhibitory factor (100 units/m) was added to inhibit

di f f erentWat20wi4934a order to differentiate the ES cel | s PCHER2@4I0pTeYt es,
the cells were cultivated as aggregates in enbryoid bodies. Each hangi ng
drop contained 1,000 5cells in 20 pl cultivation nmedium These were

mai ntai ned for 2 days on the lids of bacteriological plates filled with
PBS. The enbryoid bodi es fornmed were resuspended in cultivation nedium

suppl em{@?@yﬂbbhbfé&ﬁm (eritbod§idE 240, 2k 8013) -andolv@d it tiedstkiny and/or
bacteriol ogical plate Iids. The enbryoid bodies were maintained for several

days and UtSFPé"rPfa?yF‘éRE%IV?ﬁc@étvt"ﬂbth@rﬁrﬁsé‘@%lclrﬂe@@&i"lﬁj pl ates 10 resuspended
in differentiation medi um which consisted of cultivation nmedi um

suppl emented with 85 nMinsulin, 2 nMtri-iodothyronine and 10% foetal calf
serum A3 Syngptofaniayantibedy abl10804) Syrapiavatkent Expeedsedlimtheni th | pid
droplets. These n 15be stained using oil red O (a specific stain for
trigl ce??%@g? yscllﬁ@ results indicated that 60% of the enbryoid bodies
formed adi pocyte positive coI on| es as det erm ned by the expression of t he

adi pogeni c_nmar kers adi psin A nmodification of the Dani
etal . Eﬁé@ﬁynagtepw'n (eet'bodY141%2061?1D§899§)3 Reasestinobemembransg @%d by

Rosen, ﬁflefynésp}ﬁﬂﬁsacl 2|rf38|lé|rﬁrs e cordftr %far @%Zlcf@éréfr%bréﬁ'@ PPARy

dlfferentlatlono ) derived om contr

def i ci enmediuli®.netiemasculat jumstions. ed protocol briefly, involved the
gene{ﬁ;ti on of enbryoid bodies fromenbryonic stemcells cultivated in

medi containing retinoic acid. The enbryoid bodies were then transferred

t o gel at [35] Syaspdtagminviahtibed ypABY 30ndb P3259) pdstedradl enempging proteinilof n.  On day
17 the enbryoi d bodi es were exposed to dexanet hasone (400ng/ nl) and t he PDE
i nhi bi t oPYNANIRYESESSut yI xant hi ne (500 nM for 2 days. After which the
enbryoi d bodi es were re-suspended in insulin-containing cultivation medium
for a further 10 days. ThISFEijOtOCOI resulted in 70- 90% of the cells in

t he enbrLB@i]wtr@@blne(@n@h@d)eDB 2065 agh 4ok dLqrated at/ihe neurgoyscelan ned by
car 1 1F e BRIy Genffits R olscBara st pillo RS by L cooed the

early mark adlps n -an on 0

di f f er entmia@ritemanqer e secepforaugtedngnsi ve guide to the differentiation of
nouse enbryonic stemcell and 5o0of human adult stemcell into adi pocytes is
descri bed in Wizi ekonski B,

“ [37] VAMP2 (antibody clone 3E5, ab53407) - A small integral membrane protein
found specffically in synaptic vesicles in neurons.
20
[38] Synaptotagmin XlI (antibody ab76261) - Involved in the regulation of
transmitter release in the nervous system, serves as a Ca(2+) sensors in

vesicular trafficking and exocytosis.

25  Other Neural markers
[1] MEF2A (antibody ab55547) - Abundant in granule neurons of the cerebellar

cortex throughout synaptogenesis. Also has key roles in cardiac and skeletal

muscle development.
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Villageois P, and Dani (2007) Curr. Protoc. Cell Biol. Chapter 23:Unit
23.4. This includes protocols required to differentiate nouse, human

mul ti - potwOROHd4pI¥se- deri ved and hunman nmesenchymal st emPC&EHP201000376hi bi t or s
of adi pogenesis [1] Inhibition of ERK signalling The extracell ul ar-signal
regul ated ki nases (ERKs) are involved in signalling cascades that regul ate
a nunber of cellular functions such as cell proliferation and
differentiation. Erk-nediated phosphorylation of PPARy apparently inhibits

15adi pog[gpmmszs g?ﬂ@@&? abS5865)PpeRedulatdsth Rixprssisn dEKLsEle helatary e
responsible for ERK activation). The co-treatnent of differentiating ES

cel | s wi 9enasedyring develormanid P@%@%Q'S}Qr'é‘&@l‘i?‘éﬂ‘ differentiation & cenaBr mati on and
t he expr f i pogenic nmarkers in ES cells (Bost F., et a/., 2002,

Bi ochne @aﬁbgg‘fe cgﬁ 627). 20[2] HV protease inhibitors Ther api es

enpl oying H'V protease inhibitors are associated with changes in fat

met abol i 000)., Antiviral Res 7, 121-129

st udiZed @Wﬁ@?ﬁ“q@f’dw@éé%ﬁi] GP{"(ZS?@ C)@Hd'ﬁalnb%b?%efb‘??? a?intl ation using

C3HLOT1/ Ry, YiRlayHisdhé fvotved iR HdiRsGernddid Snaih preufnesdEmeRtsofi nduced

by adding 25 200nMinsulin and 1 pMof the PPARy and RXR agoni st BRL49653

and LCD1eBYCRlspRitadtWEel y. Under these condition the HV protease inhibitors

nel fi navir, saquinavir and ritonavir reduced the adi pocyte differentiation

of the mssenchyrral stemcells as 30determ ned by a reduction in

| i pogeneii M|EFRD (ardﬂbOGySi‘bABﬁBﬁ)g- wdivetian éhepdiffeserdiation ohdiyogeaicand nar ker s
Venochet etal., (2003), AIDS, 17, 2177-2180 extended

AP2
this stu%lﬁogﬂﬁl %%Lérgggg'ctcﬁgseffect of a simlar range of HV protease
i nhibitors on the adi pocyte differentiation of four nouse pre-adipocyte

cell i nes_ 23T3 F442AE 3T3-1L1, 0Ob1771 and enbryonic stem ceI | s). The net hod
of diff Iar to S5that described by Dani, C, etal.
(1997), Flrotﬁﬁlitosﬁbhlevé-ﬂ)%ffér%ﬁﬁaﬂc?rﬁﬁi) mﬂlﬁto‘?ro‘értﬁfésé?nd |ﬂf‘b@in€¥t§ nel finavir,

| opi navir i ed adi pocyte differentiation in al ested whil st
i ndi navi markeagui navir and ritonvir inhibited the di ffer entiation of
15
The differentiation of progenitor cells into adipocytes is possible utilizing well
characterized and published protocols such as that described by Dani C et al.,
(1997) J. Cell Sci 110, 1279-1285 Using this and related protocols it is possible
to generate adipocytes from pluri- and multi-potent progenitor stems cells.
20

Embryonic stem cells are pluripotent cells and can be maintained in an
undifferentiated state in the presence of leukaemia inhibitory factor (LIF).
Removing LIF and adding the appropriate differentiation agent results in the
commitment of ES cells into a variety of cell types including adipocytes, cardiac
25 cells, skeletal muscle cells and neurons. Adipocytes arise from mesodermal stem
cells, a common precursor for myocytes, chondrocytes and osteocytes. Once
committed to the adipocytes lineage, pre-adipocytes mature into adipocytes

during the later stages of the differentiation process.

30 Therefore two distinct phases exist in adipogenesis i) between days 2 -5 after

embryoid body formation, this stage requires retinoic acid and is the committal
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only 313-L1 and 3T3-F442A cells. The authors concluded that H V protease
10i nhibitors inhibit adi pocyte differentiation depending on the cell nobdel
syst em us0.20[03H9Bycogen synt hase ki nase 3 inhibitors PREEPRYAADITIIg
events involved in the conmtnment of stemcells to the adi pogenic 15pat hway
has not yet been fully characterised. Recently, Minteiro, MC, et al.,
(2009), Stem Cells Dev., 18, 457-463 have shown usi ng nouse enbryonic stem
cells and the early treatnent of retinoic acid that the activation of the

retinoi cstagé for'ES epfl derived baipogerésis @ingri) candspesdiag aoithé ¢erntihal comm t ment
of ES cells to adipocytes differentiation. The authors als gﬁrméstrat ed
t hat t hediffgigntigtien a@gﬁ Zb'sr'@%!%rp%taeeﬁgqu%mﬁhp%gﬁ%é&t@f ¥ E®-cel |l s

coul d be &}B&éyté Ref ihYs SRBab rs'“mw TS-Blﬁlzﬁf f{./éf\fér b&&n LG R &t%? thand

chem cal s, drugs or cosnetics) suc otease inhibitors
descri bemheabmvemstasspcuatechmtlp(ﬂme/taéemMage@pﬁed\rpogamem resuing imthed duri ng

i t oneafis oG e bleih S e ra faip S ABEDeb B R r ocose wiil be

assessedﬂhb/refmélth@élangstdg%seaﬂa@rﬁog@‘nedisférerr@mcmatabmndeﬁénd%mandlme achi eved
by neasuring the expression of cell/tissue specific markers associated with

the difflatesftagasddPARYrdenandepl; t echni ques such as quantitative

i mmuno- cytochem stry. 30 Markers indicative of adi pocyyte devel opnent
include the follow ng, (the source of antibodies comercially avail able
f r om AbcAdipboytes aledved fromiESwslls@dn. be generated after early exposure to

10 retinoic acid followed by the application of classical adipogenic inducers. Under
these conditions, large clusters of mature adipocytes are present in 70 - 80% of
the embryoid bodies. Retinoic acid influences the pattern of ES cell differentiation
in a time and concentration-dependent manner. During adipocytes differentiation,
retinoic acid treatment stimulates the early commitment of ES cells to adipocytes

15 but acts as an inhibitor in the later stages of pre-adipocyte maturation. This later
inhibitory effect is due to the repressor action of retinoic acid on the expression of
the important adipocyte transcriptional regulator genes PPAR® and C/EBP (Shag,
D. and Lazar, M.A., 1997, J. Biol. Chem., 272, 21473-21478).

20 ERK signalling appears important for adipogenesis as co-treatment of ES cells
with retinoic acid and PD98059 9 (a specific inhibitor of the ERK pathway)
prevents adipocyte formation. Application of PD98059 has no effect on the
differentiation of ES cells into neuron or cardiomyocytes (Bost F., et al., 2002
Biochem J., 361, 621-627).

25

Differentiation of embryonic stem cells into adipocytes in vitro

The mouse embryonic stem cell lines ZIN40, E14TG2a and CGR8 were used by
Dani C et al., (1997) J. Cell Sci 110, 1279-1285 to generate adipocytes. Briefly,
this process involved culturing the undifferentiated cell lines in feeder-free

30 conditions on gelatin-coated plates in cultivation medium (MEM/BHK21 medium

containing 0.25% sodium bicarbonate, x1 MEM essential amino acids, 2 mM

68



Adi pocvtes - early markers 5C20orf3 (anti body ab69162) - Involved in

adi pocyte differentiation FNDC3B (anti body ab69854) - A positive regul ator
of adi pogd¥Qa8108149346  Adi ponectin (anti body 19F1, ab2255RLTEP2IH0F62 cel | s
produce and secrete 10Adi ponectin during adi pocyte differentiation. NOC3L
(anti body ab74151) - Functions as an adi pocyte differentiation accel erating
factor. 15AE binding protein 1 (antibody ab54820) - Adi pocyte enhancer

bi nding protein 1, a transcriptional repressor which binds to the adipocyte

S e hat v o i st oo i), o,
anti body a an anti body 20a 73) - are believed to be
i nvol vedS‘?rH”b)dF?M'fﬁm@ 'ah ftapeicion(if 84 untte/ap) W?Bﬁ&dﬁfﬁﬁ?i'm& EP708Y,

ab40761) yiarb E.an(mrsrugpﬂyd.ﬁére%m@t')}%ﬁss ck 9&6%@1 o% {0 Eelis were

transcriptional regul ator genes I psin act or anti body ab8841) -
adi pocyt eulgweﬁedfascaggne@aieymeembrytadé)onlm&a@hmngmg dreptdontaiped JIKEB) -

Adlpoec l.s du t t|n30L | i ntd body
LrL . Csagh) LBl oiEThE JupPlhisle spilahRRLE 2t SREBIAN. T boay
2012C4a, béél@ﬂélb@ca’r pvéEes(mwdpnmyPBsermmmbaydm bedieg ferEdivare’re- FABP4
(anti body ab37458) - The mraH or fatty acid bindi n%] gr otein found in
suspended |n cultivation medium supplemented with retinoic acid (0.1% v/v) and
maintained on bacteriological plate lids. The embryoid bodies were maintained
for several days and then allowed to settle onto gelatin-coated plates
10 resuspended in differentiation medium which consisted of cultivation medium
supplemented with 85 nM insulin, 2 nM tri-iodothyronine and 10% foetal calf

serum.

After 10-15 days cell clusters appear that are filled with lipid droplets. These can
15  be stained using oil red O (a specific stain for triglycerides). The results indicated
that 60% of the embryoid bodies formed adipocyte positive colonies as

determined by the expression of the adipogenic markers adipsin and PPARYy.

A modification of the Dani, C., et al., (1997), J. Cell Sci., 110, 1279-1285 method
20 was utilised by Rosen, E.D., et al., (1999), Molecular Cell. 4, 611-617 during the
differentiation of ES cells (2 day old) derived from control and PPARYy deficient
mice. The actual modified protocol briefly, involved the generation of embryoid
bodies from embryonic stem cells cultivated in medium containing retinoic acid.
The embryoid bodies were then transferred to gelatin-coated six well plates and
25 exposed to 5 ug/mlinsulin. On day 17 the embryoid bodies were exposed to
dexamethasone (400ng/ml) and the PDE inhibitor methylisobutylxanthine (500
nM) for 2 days. After which the embryoid bodies were re-suspended in insulin-
containing cultivation medium for a further 10 days. This protocol resuited in 70-
90% of the cells in the embryoid bodies expressing an adipocyte phenotype as
30 determined by Oil Red O straining of neutral lipids. The wildtype ES cells
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5adi pocytes. FABP5 (anti body ab37267) - The fatty acid binding proteins
FABP-4 FABP5 are closely rel ated and expressed in adi pocytes. 10 PDE3B
(anti bodywapRAWNGIHN6- Expressed in adi pocyte tissue. Kl ARCEEP2I8M40376>dy
ab78602) - Involved in triacylglycerol packaging into adi pocytes.

15Resi stin (anti body ab3423) - Adi pocyte Secreted Factor, is a cytokine
that is specifically secreted by adi pocytes. Perilipin A (anti body ab61682)
- Found exclusively at the surface of lipid droplets in adi pocytes and

st er oi dogigtessetineSearBOmBeKers blipRirBat@ PPARIY dabs afé) the iBiiaties oF @ik i S
limted to adi pocytes and steroi dogenic cells. d ucose Transporter GLUT4
(ant i bod$ff QBEEQ?OUP$H§5§t|nuIat|on of glucose 25uptake by insulin in

adi pose tissue requires translocation of the GLUT4 intracellular sites to
the cell surface. TUG (anti body 4A11A6Gl1, ab32007) - A putative tether
modul at i Ag:omplmemﬁim guidettp dime dmrelﬁqtbarojlm@%wpm Slehydelbgrchase

ant | hody (A 38 SRR SR 5o Bis SR BNE del oA B WbicRbRsiH PoCY e
Villageois P, and Dani (2007) Curr. Protoc. Cell Biol. Chapter 23:Unit 23.4. This
includes protocols required to differentiate mouse, human multi-potent adipose-
derived and human mesenchymal stem cells.

10 Inhibitors of adipogenesis
[1] Inhibition of ERK signalling
The extracellular-signal regulated kinases (ERKs) are involved in signalling

cascades that regulate a number of cellular functions such as cell proliferation
and differentiation. Erk-mediated phosphorylation of PPARy apparently inhibits
15 adipogenesis. PD98059 is a specific inhibitor of MEK1 (the enzyme responsible
for ERK activation). The co-treatment of differentiating ES cells with retinoic acid
and PD68059 prevented both adipocyte formation and the expression of
adipogenic markers in ES cells (Bost F., et al., 2002, Biochme J., 361, 621-627).

20  [2] HIV protease inhibitors
Therapies employing HIV protease inhibitors are associated with changes in fat
metabolism. Lenhard, J.M., et al., (2000), Antiviral Res., 47, 121-129 studied the
affect of these inhibitors on adipocyte differentiation using C3H10T1/2
mesenchymal stem cells. In these cells adipogenesis was induced by adding

25 200nM insulin and 1 uM of the PPARY and RXR agonist BRL49653 and
LGD1069 respectively.

Under these condition the HIV protease inhibitors nelfinavir, saquinavir and
ritonavir reduced the adipocyte differentiation of the mesenchymal stem cells as
30 determined by a reduction in lipogenesis, oil red O-staining and the expression of

adipose cell markers AP2 and LPL.
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5 Cell Imaging Using a cell imager (for exanple the IN Cell Analyzer, GE
Heal thcare) in nultiplexing node, different fluors (e.g cyani ne dyes, CE
Heal t hcarwp 20®¥Hesded to di fferent specific antibodi es cROTHP2@60eITH2d.
These fluors are used to detect and 10 neasure several target nolecul es as
ES undergo differentiation along a particular path. Thus the instrunent can
be used to neasure, using quantitative inmunocytochem stry, the effect of a
toxic chemical on up to three different markers fromthe sane sanple, thus

enabl i ngvarrigeketiC.yepa0f(R0@3)0AIDS L1 2 B2l 80 extendeatsis suatyeshd Fur t her nor e,
t he met hod described in this document has an 15additional feature of

di scri ni AgRasegs Ha aled Cﬁ&‘r?'?‘"ﬁh@"lg&t@ HiYoprptaase iahibipegn theadiepeyie
bi ormar kegﬁfewteqoﬁ o R SisseBi aésgeaggetc%umhss pata. lcaézﬁzemm( e9.

quantitafive I nmunocyt oc ter gene assays or RIT-
m cr oar r@maﬁhlagndi@)bryanlc,%emmllp) ngnethodcm‘ldlféeranﬂ&hlchstfSirelﬂaa’rtol ation

t hese rters.ca sl S cell/tissue
spemq‘ [ c pgﬁﬂfbéaé{l% Qgght n%faliord?/éjﬂ @g‘?% ?ﬁf@tﬁtﬁgt%ﬁ:el | type but in
the original progenitor cell. In addition the ability to generate

quantltatlve data (whether derived from i nmmunocytochem stry or
reporterT emﬁga& b’)h bitoys aelfigavif. Haraaviinhibited 6%'P89W§l%ff¢r§ﬂﬂ%tl'°rh@sﬁibe

| evel s. J@bédWllsthd?ﬁa\ﬁr‘, Qﬁgﬂl'n%al?tan\ﬁltb'ﬁwif Phidited tHE WrdENRAMRANGNt or
st 't

cosnetic i1 ndustries. present 1 nvention has been described in
accor danoeysiTBhL 1V and 8US- lé‘b%%cellsaﬂ'djemtélh@lerCmbddhath\éprqte83$ to be

ol o1 ¢ RERuBE whilh SP83eS bute/ntlRarehelr 8 BRTIRRECRAIS T Lar ant s

and equi ygdents thereof also fall Wlthl n the scope of the appended cl ai ns.
Claims 1. A nethod of predicting the toxicity of a chemcal on a
devel opnental pathway in a sanple conprising the steps of:

[3] Glycogen synthase kinase 3 inhibitors

The signalling events involved in the commitment of stem cells to the adipogenic
15 pathway has not yet been fully characterised. Recently, Mointeiro, M.C., et al.,

(2009), Stem Cells Dev., 18, 457-463 have shown using mouse embryonic stem

cells and the early treatment of retinoic acid that the activation of the retinoic acid

receptor is both sufficient and necessary for the commitment of ES cells to

adipocytes differentiation. The authors also demonstrated that the retinoic acid
20  receptor beta-induced adipogenesis in ES cells could be abolished by GSK3

inhibitors.

The effect of inhibitors (and chemicals, drugs or cosmetics) such as the HIV
protease inhibitors described above etc., on adipocyte development can be

25  monitored during progenitor stem cell differentiation. Progenitor cells are
exposed to the inhibitor and the effect on the cellular developmental process will
be assessed by monitoring the extent of differentiation. This can be achieved by
measuring the expression of cell/tissue specific markers associated with the
differentiated cell type by techniques such as quantitative immuno-cytochemistry.

30

71



5(i)treating a control population of undifferentiated stemcells in a
sanple with an agent to produce a first control popul ati on of

di f f er entwatet)/geddbs in a first devel opnental pathway; ECIEPAEHASHETIhg t he

| evel s of at |east two biomarkers 10expressed in said control popul ati on of
undi fferentiated stens cells and/or said first control popul ation of
differentiated cells to determ ne control |evels of expression, wherein at

| east one of said biomarkers is expressed at an early stage of a

devel opngratiadrs liidieatvecof a%mucsy?/@djémombhahbmaeand fellowirgsthessureé t he

bi omarkers is expressed at a [ate stage of a devel opnental  pat hway and/ or
differ en‘Pl%{itlb&ﬁ“e%Wm?‘eé‘;!%uys@\fﬂfaamtfé%’f“ ARFAM 7G- GRe GF SOIRACHIPEALNt i ated stens
cells in said sanple to a chem cal either before or after 20treating with
said agent to produce a first test population of differentiated cells in a
first deAdipopytest-atarhamiavkers (iv) measuring the |evels of said at least two
bi o ke i f.undi ff tiated stemcells and/or
253295{1 {:?Q?H?Z t%;%jg bg@qux #n F’F?‘é?&‘i‘fﬁf’é& dg'ﬁtgfq 338 Ndeterm ne test

| evel s of expression; and (V) conparlng said control levels of expression
with said test |evels of e@\gre Si wherein a difference in the

| evel s ofF NPBEantiordy app8 ‘h)g'%}PB%'MPéeg‘d?@"é’éﬁgm@ﬁéﬁﬁéﬁl is indicative of

the toxicity of the chem cal on said devel opnental pathway.

Adiponectin (antibody 19F1, ab22554) - Adipose cells produce and secrete

10  Adiponectin during adipocyte differentiation.

NOC3L (antibody ab74151) - Functions as an adipocyte differentiation

accelerating factor.

15 AE binding protein 1 (antibody ab54820) - Adipocyte enhancer binding protein 1,
a transcriptional repressor which binds to the adipocyte enhancer 1 regulatory

sequence.

PPAR alpha (antibody ab8934), gamma (antibody ab12409) and delta (antibody
20 ab23673) - All are believed to be involved in adipocyte differentiation.

CEBP Alpha (antibody EP708Y, ab40761) and Beta (antibody A16ab18336 -

Important adipocyte transcriptional regulator genes.

25  Adipsin/Factor D (antibody ab8841) - adipocyte specific

Adipocytes — late markers

Leptin (antibody ab3583) - Adipose cells produce and secrete Leptin

30 Lipoprotein lipase (antibody LPL.A4, ab21356) - Produced and secreted by

adipose cells
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2. The nethod of claim1l1l, wherein step (i) conprises the step of treating a
popul ation of undifferentiated stemcells with an agent to produce an nth
popul at i dMO@P10BEPHberenti ated cells in an nth devel opneRCAEPRHO/HNEY2Z and
repeating steps (ii) to (v) to determne a difference in the control |evels
of expression with the test |evels of expression in said nth popul ation,
10wherein a difference in the | evels of expression foll ow ng exposure to
the chemcal is indicative of the toxicity of the chem cal on said nth

devel opnrEBAL (BAtiy@Y2012C4a, ab74317ThAENEIpedyRf ertiaicer)bindihgroteisai d
first and said nth devel opnental 15pat hway are networ ked devel opnent al

pat hvvays?- 4. The method of claiml, wherein step (i) conprises the step of
treating a popul ation of undifferentiated stemcells with an agent to
produce a plurality of populations of 20differentiated cells in a plurality
of devel bpBPAt(ahtipedyhakld&t58and heapajar fatty aciépinding pratein(found in det er i ne a
difference in the control |evels of expression with the test |evels of
25expies IBRCYHS s 4 d plurality of populations, wherein a difference in the
| evel s of expression follow ng exposure to the chemcal is indicative of

t he toxi ci t}é of the chem cal on said plurality of devel opnental pathways.
FABPS (antibody ab37267) - The fatty acid binding’proteins FABP-4 FABPS are

closely related and expressed in adipocytes.
10 PDE3B (antibody ab42091) - Expressed in adipocyte tissue.

KIAA1881 (antibody ab78602) - Involved in triacylglycerol packaging into

adipocytes.

15 Resistin (antibody ab3423) - Adipocyte Secreted Factor, is a cytokine that is

specifically secreted by adipocytes.

Perilipin A (antibody ab61682) - Found exclusively at the surface of lipid droplets
in adipocytes and steroidogenic cells.

20
Perilipin B (antibody ab3527) - Expression is limited to adipocytes and

steroidogenic celis.

Glucose Transporter GLUT4 (antibody ab654) - The stimulation of glucose
25 uptake by insulin in adipose tissue requires translocation of the GLUT4

intracellular sites to the cell surface.
TUG (antibody 4A11A6G11, ab32007) - A putative tether modulating GLUT4

distribution.
30
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305. The nmethod of claim4, wherein said plurality of devel opnental

pat hways are networ ked devel opnental pathways. 6. The nethod of any of
clainms 1 WO2810/MpHsein said stemcell is a pluripotent SCEHRPEE0/003767. The
met hod of claim6, wherein said pluripotent stemcell is an enbryonic stem
cell. 8 The nethod of claim?7, wherein the pluripotent stemcell is an

I nduced pluripotent stemcell. 10 9. The nethod of claim7, wherein
pluripotent stemcell is a prinordial germcell. 10. The met hod of
any of c6hjicarol B PlRosphatd Bledyorateindss taatibe€y (ab3:149R) Bsptesséddyem cel | .

11. The nethod of any of clains, 1 to 10, wherein the stemcell is a human
st em cel ermyally difigientiaieasiPevt®s ai ms 1 to 11 wherein the undifferentiated
stemcells conprise different reporter genes operably linked to at | east
two or nore biomarkers, the levels of the two or nore biomarkers being
quantified by neasurenent oDetégtion didkQeantfigationpr oducts. 2513. The net hod
of C|5al m 12, wherein said reporter genes are selected fromthe group
consisting of nitro-reduct ase, 8-gal actosidase, 13-1actamase, |uciferase and

fl uor escesl |maghP| n reporter genes 14 The nmethod of clainms 1 to 13,

wherein the levels of the two or
Using a cell imager (for example the IN Cell Analyzer, GE Healthcare) in

multiplexing mode, different fluors (e.g cyanine dyes, GE Healthcare) tethered to
different specific antibodies can be detected. These fluors are used to detect and

10 measure several target molecules as ES undergo differentiation along a
particular path. Thus the instrument can be used to measure, using quantitative
immunocytochemistry, the effect of a toxic chemical on up to three different
markers from the same sample, thus enabling a toxicity profile of the chemical to
be construcied. Furthermore, the method described in this document has an

15 additional feature of discriminating between early and late embryonic stem cell
selective biomarkers using technigues well known to the skilled person (e.g.
quantitative immunocytochemical, reporter gene assays or RT-PCT and

microarray analysis).

20  As the progenitor cells undergo differentiation these reporters can simultaneously
detect and measure several cell/tissue specific molecules present not only in the
differentiated cell type but in the original progenitor cell. In addition the ability to
generate quantitative data (whether derived from immunocytochemistry or gene
reporter assays etc) may allow the determination of sub-lethal dosage levels.

25  This may be of significant value for the drug development or cosmetic industries.

Whilst the present invention has been described in accordance with various
aspects and preferred embodiments, it is to be understood that the scope of the
invention is not considered to be limited solely thereto and that it is the

30 Applicant’s intention that all variants and equivalents thereof also fall within the

scope of the appended claims.
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30bi omarkers are quantified by a nethod sel ected fromthe group consisting
of quantitative RT-PCR, quantitative inmmunocytochem stry, surface plasnon
r esonanceweanrdiofi4eidear ray anal ysi s. 15. The net ho@CHEPagY/0pIT6Z edi ng
claim additionally conprising determning 5cell proliferation after steps
(iii). 16. The nethod of any preceding claim wherein the nethod is a

mul tiplex method. 1017. A nethod of predicting changes in a cellular biomap
or devel opnental pathway during human foetal devel opnment using the nethods

of any preceding claim 18. A ki Cldiats carrying out the nethod of any
precedi ng clai mconprising 15neans for quantifying the at |east two
bi omarkers and instructions for conducting said nethod. 19. The kit of

e sy, s oAbt BEPRRIGIR SRBELER! £ S 6y Beanprsiats of
pathway in a sample comprising the steps of:

5 (i) treating a control population of undifferentiated stem
cells in a sample with an agent to produce a first control
population of differentiated cells in a first developmental
pathway;

(i) measuring the levels of at least two biomarkers
10 expressed in said control population of undifferentiated
stems cells and/or said first control population of
differentiated cells to determine control levels of
expression, wherein at least one of said biomarkers is
expressed at an early stage of a developmental
15 pathway and/or differentiation and at least one of the
biomarkers is expressed at a late stage of a
developmental pathway and/or differentiation;
(i)  exposing a test population of undifferentiated stems
cells in said sample to a chemical either before or after
20 treating with said agent to produce a first test
population of differentiated cells in a first developmental
pathway;
(iv) measuring the levels of said at least two biomarkers in
said test population of undifferentiated stem cells and/or
25 said first test population of differentiated cells to
determine test levels of expression; and
(v) comparing said control levels of expression with said
test levels of expression,
wherein a difference in the levels of expression following exposure
30 to said chemical is indicative of the toxicity of the chemical on said

developmental pathway.
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2. The method of claim 1, wherein step (i) comprises the step of
treating a population of undifferentiated stem cells
with an agent to produce an n™ population of
differentiated cells in an n™ developmental pathway;
and
repeating steps (ii) to (v) to determine a difference in the
control levels of expression with the test levels of expression
in said n™ population,
wherein a difference in the levels of expression following exposure
to the chemical is indicative of the toxicity of the chemical on said

n™ developmental pathway.

3. The method of ciaim 2, wherein said first and said n" deveiopmentai

pathway are networked developmental pathways.

4. The method of claim 1, wherein step (i) comprises the step of

treating a population of undifferentiated stem cells
with an agent to produce a plurality of populations of
differentiated cells in a plurality of developmental
pathways;
and
repeating steps (ii) to (v) to determine a difference in
the control levels of expression with the test levels of
expression in said plurality of populations,

wherein a difference in the levels of expression following exposure

to the chemical is indicative of the toxicity of the chemical on said

plurality of developmental pathways.

5. The method of claim 4, wherein said plurality of developmental pathways

are networked developmental pathways.
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6. The method of any of claims 1 to 5, wherein said stem cell is a pluripotent

stem cell.

7. The method of claim 6, wherein said pluripotent stem cell is an embryonic

stem cell.

8. The method of claim 7, wherein the pluripotent stem cell is an induced

pluripotent stem cell.

9. The method of claim 7, wherein pluripotent stem cell is a primordial germ

cell.

10.The method of any of claims 1 to 5, wherein said stem cell is an adult

stem cell.

11.The method of any of claims 1 to 10, wherein the stem cell is a human
stem cell.

12. The method of claims 1 to 11 wherein the undifferentiated stem cells
comprise different reporter genes operably linked to at least two or more
biomarkers, the levels of the two or more biomarkers being quantified by

measurement of the different gene products.
13.The method of claim 12, wherein said reporter genes are selected from
the group consisting of nitro-reductase, B-galactosidase, B-lactamase,

luciferase and fluorescent protein reporter genes.

14.The method of claims 1 to 13, wherein the levels of the two or more

biomarkers are quantified by a method selected from the group consisting
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of quantitative RT-PCR, quantitative immunocytochemistry, surface

plasmon resonance and microarray analysis.

15.The method of any preceding claim, additionally comprising determining

5 cell proliferation after steps (iii).

16.The method of any preceding claim, wherein the method is a multiplex
method.

10 17.A method of predicting changes in a cellular biomap or developmental
pathway during human foetal development using the methods of any
preceding claim.

18. A kit for carrying out the method of any preceding claim comprising
15 means for quantifying the at least two biomarkers and instructions for

conducting said method.
19.The kit of claim 18, wherein said means are selected from the group

consisting of an antibody, an enzyme substrate and an oligonucleotide
20 primer.
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