1 In vitro Hepatic Differentiation This invention relates to the in vitro
i nduction of hepatic differentiation in pluripotent human cells, in
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of identical genetic backgrounds [7] (8] [9].

25 These issues are particularly pertinent to liver disease and in particular
inherited metabolic disorders of the liver (IMDs). This group of diseases
result from genetic mutations that affect key proteins within hepatocytes.
Whilst they may be treated by whole organ liver transplant, this procedure
carries considerable risk. There is therefore a need for greater

30 understanding of the disease mechanisms and development of alternative
therapies [10] [11]. Such investigations are hampered by the difficulty in
culturing primary hepatocytes and an inability to provide relevant human
hepatocyte-like cell lines that faithfully replicate the protein
dysfunction and subsequent cellular defects responsible for the disease

35 [12].



wherein the endoderminduction nediumis a chemcally defined medi um which
has fi broblast growh factor activity and which stinulates SMAD2 and SMAD3
medi at ed wogoeld2sT2g pat hways and SMAD1, SMADS5 and SMADO poediszbadhosizgnal | i ng
pat hways and inhi bits phosphatidylinositol 3-kinase 15(PI3K) and gl ycogen
synt hase ki nase 313 (GSK3); and, (iii) culturing the popul ation of
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hepatic maturation medium to produce a population of hepatocytes.
25 Preferably the iPS cells are human iPS cells.

iPS cells are pluripotent cells which are derived from non-pluripotent,
fully differentiated ancestor cells. Suitable ancestor cells include adult
fibroblasts and peripheral blood cells. Ancestor cells are typically

30 reprogrammed by the introduction of pluripotency genes or proteins, such
as Octd4, Sox2 and Soxl into the cell. The genes or proteins may be
introduced into the differentiated cells by any suitable technique,
including plasmid or more preferably, viral transfection or direct protein
delivery. Other genes, for example Kif genes, such as Kif-1, -2, -4 and -

35 5; Myc genes such as C-myc, L-myc and N-myc; nanog; and Lin28 may also be

introduced into the cell to increase induction efficiency. Following



20phenotype. Healthy cells may be obtained froman individual wth normnal
liver function or a patient with damaged or dysfunctional liver cells, for
exanpl e avpabizxns2ai th |iver damage or di sease, such aspoemntimi{rs. g
25hepatitis A 13, C 0, E, Gor K), cirrhosis, hepatocellular carcinona,
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Healthy cells may be obtained from an individual with normal liver
function or a patient with damaged or dysfunctional liver cells, for
example a patient with liver damage or disease, such as hepatitis (e.qg.

25 hepatitis A, B, C, D, E, G or K), cirrhosis, hepatocellular carcinoma, non
alcoholic fatty liver disease, drug induced liver injury, alcoholic liver

disease or autoimmune liver disease.

In some embodiments, 1PS cells may be derived from healthy cells obtained
30 from individuals with distinct genetic backgrounds. For example, iPS cells

may be produced from healthy cells from individuals having a liver

disease, individuals having a high risk of a liver disease and/or

individuals with a low risk of liver disease. Hepatocytes produced as

described herein from individuals with distinct genetic backgrounds may be
35 useful in studying the mechanisms of liver disease and identifying

therapeutic targets.



patients with |iver danmage or di sease as described above or in liver

di sease nodelling and screening. In other enbodi nents, iPS cells derived
from di sewmeeomsrersat ed cel | s 300bt ai ned from an indi vi dgalcGBmitmwoe7si ver

di sease (i.e. disease specific iPS cells: ds-IPS or dhlPS) contain a
genetic nutation or defect which is associated wwth the |liver disease, such
as 3 u342Lys in al-antitrypsin, which is responsi ble for Al AT defi ci ency.
The nutation or defect may be correctéd in the i PS cells before
differentiation. For exanple, a 35nucleotide sequence in the ds-1PS cells
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185-187 For exa ,
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medium suppl ement e at “an “appropriate densi %/ ‘(e.g. 106
to 106 @%@Msa/eemﬁlm @Lht)atlefr BndefecAppreph it 8SEAsEPhret iR FERAEr
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in the neth e dhereln Pcells are cells which
have be@rt cgﬁ u(EE §Ctirhr oaUSts'SrbaZ?'O assnggrélse%g??g%éé %pr ef erably 35 passages or

| ess, or 30 passages or Iess | FS cells for use in the present nethods may
be passagedebys @Bzl EforDh; SRGRAM 23k afERABSL1 sSub takke ,fIiU]ntane medi a for

o FBTBTT OREP ) P U S34PRL TR AR 0L T 672
as described herein to produce hepatocytes which display a liver disease
associated phenotype, for example an IMD phenotype. Typically, the
hepatocytes will contain the genetic mutation or defect which is

25 associated with the liver disease. These cells may be useful in treating
patients with liver damage or disease as described above or in liver

disease modelling and screening.

In other embodiments, iPS cells derived from disease~associated cells

30 obtained from an individual with a liver disease (i.e. disease specific
iPS cells: ds-IPS or dhIPS) contain a genetic mutation or defect which is
associated with the liver disease, such as Glu342Lys in «al-antitrypsin,
which is responsible for AlAT deficiency. The mutation or defect may be
corrected in the iPS cells before differentiation. For example, a

35 nucleotide sequence in the ds-IPS cells which contains a disease

associated genetic mutation or lesion may be replaced with the wild-type



Medi um ( KO- DMEM suppl enented with 20% Serum Repl acenment, 1% Non- Essenti al
6 Am no Acids, 1nM L-d utam ne, 0.1nmM p-nercaptoethanol and 4ng/nl to

| Ong/ ML hwomn12/eF25 and DVEM F12 suppl enented with 20% kooadsotl/@er7am

repl acenent (KSR), 6 ng/m FGF2 (PeproTech), 1mM L-An, 100 pm nonessenti al
am no acids, 100 pM 2-nmercaptoethanol, 50 U ml penicillin and 50 5ng/ m
streptonycin. Preferably, cells are harvested during culture using

col | agenase-free reagents, for exanpl @ AccutaseTM (Bi oWest). 10The
differentiation of iPS cel | s into hepatocytes according to the nethods
descri bed . herejn_occurs in.three stages. | the first sta i he popul ation
of 1 PS ceﬁlleoucd *f PeTenty at e%taq’nt o" hpgpu “at ?lben “SFranteti orgdﬁeefl nitive
endodermiteADS)s eed |dfetys ehe vsvééolnwwstagéhetarré ADE deettidedi ifserearsi ate into
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rogenitors diff ntiate into hepatocyte nedi a used i n these
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differentiation into ADE cells, the population of iPS cells is cultured in
an endoggf.m 4 nductd C&Qer@éycymednga_\hze mqgﬁrmcw@%hmt@@dﬁé{%mca

chem cal | efined mediu stinul ate nal i n t hways
medi at e?il%’)?g%ﬁﬁ\lﬂm%mﬁ? IM%%“ oCciGtey Vi’lr“rﬁl ‘1%5“1 nisPolding
phosphat:i dykiBrosbtdl a8-Ki laasetr(beBK)ieamegty;C@gewesyneltvase ki nase 3P
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chemical |y defined mediumis a nutritive solution for culturing cells which
cont®i n$"BAFS s fBEI TPBE T SnPbiteAts s pF % Fabiayy e c otis8ntht®s "t known cheni cal

structure. Preferably, the chem cally defined mediumis 30hunani sed. A

humeni sgd ¢hem gally dgf) ned rﬁ%%‘ng@ Seyoid of LUTDONRAL S ; SURP! enent s

derived from non-human_ani mal s, such as Foetal Bovine Serum (PBS), Bovine
Ser um AV HUINT#H YBSAJ L tahtl S0’ 5f eeder celI's. The endoderm i nducti on medi um
conpri ses a chemcally defined basal nedium 7 Suitable chem cally defined

basgj ng wlrfbcgvg&ct andlon F12, § gplmseggﬂtsegawbtehcm%%a n, for exanple

at 0. 5pg/ transterrin, for exa a concentration of
1. 5pg/ n‘&alt“éai'ﬁﬁ’pﬁfmg CORYeARE PRI %‘“rﬂnlq%ﬁfcﬁv%\]s“frt Hi-oPglafcBF Bl BiPbr exanpl e
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(1995) @% ?je 1‘5%% nhes 15;! %El %E‘é&%l Cﬁé‘%, 3RS 5PVL0d9hanss0R and W
et al. Lancet 365, 1636 1641 2005), Ludwig, T.E. et al. Nat. Biotechnol.

20 24, 185-187 (2006)). For example, iPS cells, in particular human 1iPS
cells, suitable for use in the present methods may be conventionally
cultured in a culture dish on a layer of feeder cells, such as irradiated
mouse embryonic fibroblasts (MEF), e.g. in Knockout (KS) medium
supplemented with 4 ng/ml FGF2, at an appropriate density (e.g.lOs to 10°

25 cells/60mm dish), or on an appropriate substrate with feeder conditioned

or defined medium.

Preferably, early passage iPS cells are used in the methods described
herein. Early passage iPS cells are cells which have been cultured through

30 40 passages or less, preferably 35 passages or less, or 30 passages or
less. iPS cells for use in the present methods may be passaged by

enzymatic or mechanical means.

Suitable culture media for iPS cells include Knockout (KS) medium
35 supplemented with 4 ng/ml FGF2; Knockout Dulbecco’s Modified Eagle’s
Medium (KO-DMEM) supplemented with 20% Serum Replacement, 1% Non-Essential



suppl emented with pol yvinyl alcohol, insulin, transferrin and defined

10l'i pi ds. Johansson and Wl es CDM consists of: 50% | MDM (G bco) plus 50%
F12 NUT- Mv& 20@vdasms; 7pg/ ml i nsulin; 15pg/ ml transferri rcTicBmimiorys! yvi nyl
al cohol (PVA; 1% chemcally defined |ipid concentrate (lnvitrogen); and
450pM 1-t hiol gl ycerol. 15Q her suitable chem cally defined basal nedium are
known in the art. In order to avoid the use of Bovine or Human serum
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d|fferent|ate into ant eri ot de%egltlve endode %( DFR1 l25 For o,
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grow h, proliferation and cell uI ar differentiation by binding to a
fibroblast gromh factor receptor (FGFR). Suitable fiproblast growh

30f act oP S PRI NdeSHly MeHAT GE o HYTERE ARty ST ©8 Fa° ﬁge%ne of FGF1
t 0 FGFldeaand: £CGEAD dxempiE-28cutRsef erilpivgstit.he fi brobl ast growth factor is
FGF2 (NCBI Genel D 2247, nucleic acid sequence NM 002006.3 G: 41352694,

am no aci d sequence 35NP 001997. 4 G : 41352695); FG-7 (al so known as

kerdt i notey fof iFreMER HfaetYr lf%rcek@)l“tﬂl@pa@ﬁéﬁb acf?ﬁdimgnﬁﬁlté’le meideods
sequence:Nvi DOP @06 i3 Gtcurs8iMBb26Hagedn no @ei disequenee NR 001997.4 4

o 3520981 0L FOELQ NG CEnalDL . 24T, ! £ich Gp@lcgtqo%qug?@&iw 002006. 3

413 am no acid sequence NP 0 . 5Mbst
pref er aBtiinitive PRIRAGHR aPPEYrGHA- f%cf*ber SFEOIF’CP?a‘{eAnf?e AE, cBttsa
Devel opm’reﬁéntalaeé QY o 22eFa27d p238er(12@9§))a)nd in ahi dsxmbhalstthgr@wttlagéachars

SUC# as Fg‘glc enﬁ:@ Fc@%%@fen@Xthn ggf& ltl.gé ”Q&lﬁ%ﬁé Hgdlraeﬁggé)llgant

t echni qu of fobtai ned from COMTEr Ci a Syst ens,
M nneapt4s§, "MYOASt E Ry IFAELY @Sﬁlé)“ed@‘rﬂ/éﬁF éaﬁlelfVabt Meh‘iff@ﬁt‘:%?ﬂ ration of FGF
in the endodermi nductl on nedi um may be from 1 to 500ng/ M, preferably

about ANGLITee ¢ d1e, YA JBYA DR LUTL el go%g@ia%meﬁdﬁ% td,8 first TGP
| i gand Stinulates Dz "and ' Intrace ar si gnal l'ing
pat hway@ulitrtir?%éni £S5 epgbdeym indupGEM [Meg afds are pepti des of the TGFp
supgg fam ly. Menbers of the TGFP 20superfam |y possess a characteristic
StflJCtU&g% %ggkég}m Jucikgkoﬁgdidk EQ a chemically defined medium (CDM) which

(i) stimulates signalling pathways mediated by SMADl, SMAD2, SMAD3, and

SMADS; (ii) inhibits phosphatidylinositol 3-kinase (PI3K) and glycogen

synthase kinase 3B (GSK3B):; and (iii) has fibroblast growth factor (FGF)

25 activity.

A chemically defined medium is a nutritive solution for culturing cells
which contains only specified components, preferably components of known
chemical structure. Preferably, the chemically defined medium is

30 humanised. A humanised chemically defined medium is devoid of components
or supplements derived from non-human animals, such as Foetal Bovine Serum

(FBS), Bovine Serum Albumin (BSA), and mouse feeder cells.

The endoderm induction medium comprises a chemically defined basal medium.

35



art. The first TGFp ligand may be Activin or TGFP. 25Activin (Activin A
NCBI Cenel D. 3624 nucleic acid reference sequence NM 002192.2 d: 62953137,
am no aciwonefansnse sequence NP 002183.1 G : 4504699) ipsTA B NBENILIS

pol ypepti de which exerts a range of cellular effects via stinulation of the
Activin/ Nodal pathway (Vallier et al., Cell Science 118:4495-4509 (2005)).
Activin is readily avail able fromcomercial 30sources (e.g. Stengent Inc.
MA USA). Conveniently, the concentrati’on of Activin in the nmedium may be
from10 to 1000ng/ m, preferably about 100ng/ m . TGFp (NCBI Cenel D 7040

nucl eic acid referen uen N 660. 4 ; 56 am no acid

r ef erence%s]?alcieut(a:n?:%l Eﬁb gglecg%ﬁal\ﬂ gg iﬁ%u%:es“g&ﬁ /glrrél}zlc pol ypepti de
whi ch regeleneseprolthf Brsat ion fandexdirPieren? i vh to97(Wrdbe, T. et al
]g2009) tﬁakkeﬂ%@a, o3 é&b%t(plé@t aReserbi Aanbn hifmmpE%DCd;)os 15@@%1?/ aavaLl abl e
romco rci sources (e e nveniently . the
concent :na’l‘:t'i|°’(‘)lr1d6‘!i(511‘t ‘Isdfg ﬁlglonﬁgﬁl% E’aygoﬁ SFEhY fbt ?ocTﬁﬁﬁnﬁ/%nfn preferably
abolt 100@NgLter4.- 515M:ThedGDMlWA may be further supplenented with a second
TGFp ligand which stinulates SMAD1, SMAD5 and SMADO nedi at ed intracel lul ar

signalljn th s int i PS cells. 10The, second d be a
oo VoY BROBEHCRERERb (HACERE) DS EbhEeNET SROUGR STBrat 8] A2 ArNa® 1S Bone
Mor phogémhen oot end WReeepildPs (BMRRI) Rivd &% rmllalt5é)|wttlrcace‘-t | ul ar

si gnal | {,ng) bQuah, Rat hyaysnyedhadied, bynémpl,trmr@nqnmmne&w tabl e

Bone Mor phogenl c Proteins include a xarrpl e

0
GNP BB B S BIbE o PBARTY LSRGt 04Dl R EEL T T gand
i S BVP2NY(INEBX Gehed)D: 7650 busliénc 1&chihls equerfeer vVl 004200, 1@ iny80861484;

am no a&i&h%Fq&%ﬂcelgNghQrg%ég %egned4§§gl%69anc%5tw4 f“@@ko@:nelgxd 652,

nucl ei ¢ aci d sequence NM 00 G : 157276592; am no acid sequence NP
001193. 5% 11879 7%y98yo!L - 20 Bone Mbr phogeni ¢ Proteins may be produced using
routi ne reconbi nant techni ques or obtained fromcomercial suppliers (e.g.

R&DIS M @&%QPQJL ?bly%emﬁla%@e&tﬂk&?1bay§A‘)med1um QQQV}&@M?%' ¥ne a@@

concentration of a Bone rphogenic Protein, such as 25BMP2 or BMP4 in the
medi um FRyPIBRE fPoRTLdt BB HERE POV Ste PEIABRY s&lﬁ%tallbéf‘ﬂd‘/ 'miEP e FE SRR dEr m
i nduct i @¥ ifedidaEs ranedt i S sC ougpl esen @dchenihe addapaeef iined-thasaledium winedi um

LU0 RIS A0V bl 6T 75 o socond B, sl cande
act i vi t $hege cphg's BhEMiedyasiosTaddr™ FIeP ke ¢d stich Regyvinyl alcohol is
phosphatdnthphl nasict okadi &-hi sphesphat e 3- ki nase( EC2. 7. 1. 153). 35Sui tabl e
Pl 3K i nhi bitors include wortmanni n; LY301497 (17-b-
In the endoderm induction medium, the CDM-PVA is supplemented with
additional factors, preferably recombinant human factors, which induce the
iPS cells to differentiate into anterior definitive endoderm (ADE) cells.
25
For example, the CDM-PVA is supplemented with fibroblast growth factor.
Fibroblast growth factor is a protein factor which stimulates cellular
growth, proliferation and cellular differentiation by binding to a
fibroblast growth factor receptor (FGFR). Suitable fibroblast growth
30 factors include any member of the FGF family, for example any one of FGF1l

to FGF14 and FGF15 to FGF23.

Preferably, the fibroblast growth factor is FGF2 (NCBI GenelID: 2247,
nucleic acid sequence NM 002006.3 GI: 41352694, amino acid sequence

35 NP _001997.4 GI: 41352695); FGF7 (also known as keratinocyte growth factor
{or KGF), NCBI GenelID: 2247, nucleic acid seguence NM_002006.3 GI:



hydr oxywor t manni n); LY294002 (2-nor pholin-4-yl-8-phenyl chromen-4-one: 10
Macl ean et al (2007) Stem Cells 25 29-38); CLB1309 (KN309: (l)-2-((2-1-7-
met hy 1- 2-worophabi2e- 4- y1) - 4- oxo- pyri do[ 1, 2- al pyri m di n- 9€T/GB2011/001275

yl ] et hyl ) am no) benzoic acid); PX-866 ((I|E, 4S, 4aR, 5R, 6aS, 9aR) -

(Acetyl oxy)-1-f(di-2-ProPen-1-yl am no) net hyl ene] -4, 4a, 5, 6, 6a, 8, 9, 9a-

50ct ahydr o- 11- hydr oxy- 4- ( met hoxynet hyl ) - 4a, 6a- di net hyl cycl opent a

[ 5, 61lnapht ho[ 1, 2-cl pyran-2,7,10(1H)-tr% one); 1C87114 (qui nol one

pyrr ol opyri m dine;, #6 figure 17); GDC-0941 (43 Fi gure 17; 2-(1H1ndazol-
4-y1) - ( | sul fonyl) - 1- pj per I oI l) -

t hi enor431 51216de r%/m ar n‘g)% 21'9‘(58 gg—%()ggémé égefq%(ééw% hdrn?%ﬁ \gﬂ%‘[

10( DherSAr&AP n@PéT hyHFlait pyid depaerzealthyOr if &disné 4= dﬁé§269due%f@ét>| §¢idBEZ235
(44 Fi gtiReddd NeXbdidB7 (ALt i guyseedsd).; X1765 (42 Figure 17); PX-866 (#5
Figure 17); ZSTK474 (2-(2-difluoronethyl benzi nm dazol -1-y1) 4, 6-

di nor pholino-1,3,5-triazine); and SF1126 (2-12-net hoxyet hyl am nol- 8-
pherfy 1-¥dt] pirfiexopir abbhet-fohedbladk haxowFh FRCEerhilbi TGRS (Arie. a¥ai lfabdle in 15t he

art. SupdahbgndRl:3K #:0hbl Lot sray e 2e0t)al. ned from comrercial suppliers
(e.g. Cal bi ochem CA USA). 20For exanple, the endoderm i nduction nmedi um nmay

contain 1 to 100pM PI 3K i nhi bitor, such as LY294002, preferably about 10
pM GSKBijpriohhidsi torghi fdvithics, tshieh ast FET2,y FEF7 ghgcsgan, gyent basegofigralse 33
((Bene I&%f%%3§5utggg rbcddpiZ@he Uhh R8s dNRLPALRESHHACLUER SR e s

25(123 4- Eﬁ -Enl B bBRETRTEY - BLrP ARt fiy 17 HE FH98R o< 2-SPEY pyri mi di n- 2-

yl)am no)et hyl)am no)nicotinonitrile; Ring DD B. et al., Diabetes,

52: 588'&%@ EQQQ?I} t‘%l Séﬁ{ogﬁ'c'hthBﬁ,ofk@@P%' kl@é‘]%nd%;nesz%cegor( %eélum
di chl or opheny -1H i ndol- 3- %’r?lﬁlH_ pyrrol e-2,5-dione), and

S341528%ay(§e[f(%§)mchlt6’r80%‘%{%7&%"%@&}}’) 1Ong7 Y- nltrophenyl) 1H 30
pyrrol e-2,5-di one). Suitable glycogen synthase kinase 313 inhibitors may be
obt & m%fk g COm AR %leakur%upplguggﬁen(eﬁtgd wSLEMDeRLsd RErs NAGHRAWL EBY MBnN

Chem ca . For_exa he endoder m i nducti on nmedi um nmay
cont ai nsﬁ}.“@lﬁ)e%é 23804 S&‘W%I@?‘??ﬁﬁ brHGret Sideh U SHIRIIODT "2t éffer abl y

about 3tipMirs Ik1lhs. sone enbodi nents, the endoderminduction nedi um nay
consi st of CDM PVA basal nedi um suppl enmented with Activin, FG-2, BWMP-4, a

phosphati dyl i nositol 3-kinase inhibitor, preferabl LY294002 and a
gl ycogeFFidy hitpede aienaserigps|ghitht (T6F? $HPeFEAEBYy ‘“él“lPF@%)@flthe TGFR

20 superfamily possess a characteristic structure and are well-known in the

art.
The first TGFB ligand may be Activin or TGFp.

25 Activin (Activin A: NCBI GenelID: 3624 nucleic acid reference sequence
NM _002192.2 GI: 62953137, amino acid reference seguence NP_002183.1 GI:
4504699) is a dimeric polypeptide which exerts a range of cellular effects
via stimulation of the Activin/Nodal pathway (Vallier et al., Cell Science
118:4495-4509 (2005)). Activin is readily available from commercial

30 sources (e.g. Stemgent Inc. MA USA). Conveniently, the concentration of
Activin in the medium may be from 10 to 1000ng/ml, preferably about
100ng/ml.

TGFB (NCBI GeneID: 7040 nucleic acid reference sequence NM 000660.4 GI:
35 260655621, amino acid reference sequence NP_000651.3 GI: 63025222) is a

homodimeric polypeptide which regulates proliferation and differentiation



5 Preferably, Activin, FGF2 and BMP-4 in the endoderminduction nmedium are
all reconbi nant human proteins. The culture of manmalian cells is

wel | - knowwoizmdrer2art (see, for exanple, 10Basic Cell CectrigpoRroizisol s, C.
Hel gason, Humana Press Inc. U S. (15 Oct 2004) |SBN. 1588295451; Human Cel |
Culture Protocols (Methods in Ml ecular Medicine S.) Humana Press Inc.,
US (9 Dec 2004) | SBN. 1588292223; Culture of Animal Cells: A Manual of
Basi ¢ Techni que, R Freshney, John Wl%y & Sons Inc (2 Aug 2005) | SBN:
0471453293, Ho WY et al J Inmmunol 15Methods. (2006) 310:40-52, Handbook of
St em Cel ed R La S 01243 and in edi e er eof
may be S'L AP Hed fFor céﬂ)og}c%agllls%ur nglﬁ%‘}lm G ecombﬁochghungl g%r:éa& gr opa
bi opr odtfRAds Ly R&PL By eefdr. cSreadadd srararal i(auv - cetdmoent tldce ¥WoH8R i ons may
be enpl @&&dmémy &%@p&&ucgggataé%c@w@ﬁﬁn,mSt%)eCﬁé@leﬂl RipxiederonMedi@ i S

prefera ng very. nd cells allowed to settle by gravity.
Pref er aﬁy %6& Bﬁfgrg? u?gglyq/ﬁ“%a nonol ayer, in the absence of feeder

cells, on a substrate coat ed with serum preferably human serum or

ext r acet dika- BVt £d X pBr A1 h 8y s@[éﬁibn%%téd Rk enectiibond @é@mlmg&rd Geddnagen.
25Sui t abl e (ful ture techni ques are we el eferred

enbodi menfE 2 14e Wy e &ivei a1 SHA DY “‘ieﬁ’?t@gl Jr’%triaﬁ?lguéﬁf esrllq”c‘f%11 définitive

endoder pathABDS) ioethes imBycefésperforned in three separate steps. For exanple,
di fferentiation of the population of iPS cells into ADS cells 30may

nE(rElse é %Lculturln thep[g tion of |PSCS|n erédoderm
i ndtitti O ABETUNT CHor Le308nre Fof 2t E°BEHBUF T PBFet ePHbl y P8bout 24
hour s, Morphogenic fiptefuy tdied wuBbrw iMagerlidyen popubiatinoRedeapterndd@®Pin)i nducti on

medi um yg & @%ultaleg l%|t¥§<9a@el§y@aeﬁaqlls%r@%u&@pwma?gtﬂduaw poXamph e for
12 to 3536 ours%&re erab about 24 hours (c furt her

cul t uri AGChE PSP %at PohhaPhe a‘??“ﬂd@’ﬁpﬁaﬁﬁfPFo%r%ﬁﬂ?%ﬁf‘Wrﬁd(?ha% PSSt 85 SmAD2
and SVADZ: skpnaliiyng fpatdvanyse amd2 wisveh, Bas4 f iBbpoblsasé «gr svth f act or

act{yity, fe?gbl%)(@}qg)ls%cé% Tégs 194384 flgué@?z PE&fesally. akeut 24 hoursy to

produce the popul ati on anterior 5definitive endodermg1 ADS) cells. The
ADS i ndBRIUeBrAe AP UrAOPs? &1¢hdtficc4F4- yaﬂé‘fq Aetd FeayTeWiE-OR ttimprfSes a

chem cak$yrsdef |omest~41staaw¢13madmdm &idi,t abdleichenicadugn defivned 2basalcinedi a
ol ude, Fks d£000, 10, FEML 4640 (W00, o-LoFey 290 Maads) L K\ (1976) Tissue

Cul t ure ASsoci at i on Manual I's a serumfree basal medi um
containing inorganic salts, am no aci ds vitam ns, anti oxidants and
buf 2@r ssoRPNbrph646niics py\&aielmknﬂawnbé rprbbﬁce'ﬂir tsandréeade| yecamaidaabl e from

commer c| %c!hnl yerscg§ cgb%a ed]‘?,tsongrr%merciafhsu%lllé@b‘) {e -gheR&Cd)m%nl%gL§ll%f

RPM - 16 Ium are shown 1 n
USA, Stemgent Inc, USA).

Conveniently, the concentration of a Bone Morphogenic Protein, such as
25 BMP2 or BMP4 in the medium may be from 1 to 500ng/ml, preferably about
10ng/ml

The endoderm induction medium may thus comprise a chemically defined basal
medium supplemented with polyvinyl alcohol, FGF, first and second TGFP
30 ligands, a PI3K inhibitor and a GSK3B inhibitor.

PI3K inhibitors inhibit the activity of phosphatidylinositol 3-kinases,
such as phosphatidylinositol-4,5-bisphosphate 3~kinase(EC2.7.1.153).

35 Suitable PI3K inhibitors include wortmannin; LY301497 (17-b-
hydroxywortmannin); LY294002 (2-morpholin-4-yl-8-phenylchromen-4-one:



The chem cally defined basal medi um may be supplenmented with a serumfree
medi a suppl enent. Suitable serumfree nedia suppl enents include B27

20( Br ewerwet20m023725Neur osci Res 35 567-576 (1993)) and R8ZGHK2Chemims al J.
Neurosci Meths (2008) 171 239-247). Serumfree nedia supplenents, such as
B27 and N21, are well known in the art and wi dely available comercially
(e.q. Inwtrogen Sigma Aldrich Inc). 25In the ADE induction medium the
chenical ly defined basal nediumis al $% suppl emented with additional
factors, preferably reconbinant hunan factors, to produce the popul ation of
anteri efinitive 0 ADE), € .,Fr t chemcally

defi negﬁ%gsa? Sy al %gbr:g %%e sc(ue PEezr?e%% e% (ﬁﬁlsb(% h?%gst r}g)r owte(hmf[gct or
(FGF) arfhalfiT@eroratpy- ﬂv@aﬁ’doé@@ %F@Wlsﬁr#ﬁmyéf@sdlsm and SMAD3 nedi at ed

i ntracejd jelag: ;s;mgmlbbhftglcpa&M/ayst B&F @ﬂd 4 148k, M@ngagandxs are descri bed
In nore

det ai | n h dugt nrredlummay
conpr i sfeAdcae &%%5 { cal [F(gldzefo‘rﬁ% ge)élemmo Pé“ezl emén eéd%wf d% to 1000
ng/ il féetahyNGER Lt hngandy - 435@¢ﬁ@hxgsetéa'ﬂWan5amléﬁé’?yél§}’§/1ffpe€r@/m and 4 to
400 ng/ rd, &%htﬁa{ah 228 ) pykdn FGH2 10 pregt er adaky ; 4@C81‘glllm &Giolzme cheni cal | y

defined bas 16 I te h_ B 1 nedia
suppl en%yrftrg?"py“ml ’5W6 %War%e pgg Otiétg?oﬁ#@eg ‘i’”ﬁ§ c%al I S%IZ% Qv 1S ér ed for 2
to 4 daglyl)ﬁﬁsft[45mee:ﬁelatilfyn§8l)dayglpteoamwdﬂm@hvhkﬁdémoaph@hnwfl)ADE cells.

Anteri thl@%wlztl A@ggnﬁpﬁ%m @ARE)> 1ceb s chmy- M@%&gh@mg@ﬁm[ﬁmr kers, such
as Sox17, Lhxl CXCR4, Ant eri or

11, U
defithi t f%”éﬁ‘ﬂ’&ﬂ@%?ﬁhé’ﬁbéﬂ'eglidg[ﬁa@ a#%&ﬁ&mé%}és‘g’i’%n B‘ferﬁﬁuﬂ pg%#? y markers
or mar kerds Fagseciat:edlwt i ectigdes Al ; ofl7aesoderimirel i heageBs6F0r> exanpl e

the ADEFC%rleﬂByzﬁ%wxw3§sdl%tyu&%tn@@};}allyeﬁzina\égéél-qnyl)qr ghore, preferably
all, the foll ow ng; Sox2, al kaline %gf hat ase, SSEA-3,. Nanog,

SSEA- 4, AF1PAPA2 60 ahd RUE 47198 The &Xptafsdfo e B ABEE APE cel |

mar ker Spf@é]d/l@JH—OHEeIQropﬂmre4pd>flsEDI pothent P Ennkt kers anayavbeélatdri tor ed and/ or
detgcted dn,the population of differentiating cells. This allows the extent
of differentration or endoderminduction of the cell popul ation to be

20det ermned. After differentiation, the popul ation of ADE cells may be
subst anMJ&Iabye foner innom ttrbeataycet lodtypesi tFer cexasnmpliel dubelixopulatd.on may
cont ai n, 8&; m”EzKE'USA?O% or nore, 95%or nore, or 98% or nore ADS cells,
fol |l ow ng Bcultdre i h the medium Preferably, the popul ation of ADE cells
is suffici ently free of other cell types that no purification is required.
| f reqUidedxadhe, p@@uleﬁaddalamandé@&oeleﬂnécslum&yaybeowmfietﬁb byoianyronveni ent
t echni qug uch as S e popul ati on of ADS cells
may be e%ﬁgnd%d B horag Yuz%t h& ggeffeg?g?l |ag§?%§0| é\b?o a hepatic |ineage. ADS
cells may be expanded by any conveni ent technique, for exanple in an FG-
suppl enesr:pd: drRdk téds $M61rb1@StFADEciMH9tdﬂ)@lMieblnaynaﬁaadﬁ&ﬁ:ﬁisbedﬁ a(@@ve 14

i nduct i i | e lb deflged (E?IYL %g}l chgd} ates

si gnal | ?@ 2@3% hél& S ﬁreg@ ms %b X% na SM&& an ces ff er ent| ation

i nt®® a h@ﬂﬂ&?i@bﬂoFﬁ@Qﬁgél) 5 (4~methyl lH 1m1dazol 2-yl)pyrimidin-2-
yl)amino)ethyl)amino)nicotinonitrile; Ring D. B. et al., Diabetes,

52:588-595 (2003)) alsterpaullone, kenpaullone, SB216763 (3-(2,4-

dichlorophenyl)-4-(1-methyl~1H-indol~3-yl)-1H-pyrrole-2,5-dione), and

$B415286 (3-[(3-chloro-4-hydroxyphenyl)amino]-4-(2-nitrophenyl)-1H-
30 pyrrole-2,5-dione).

Suitable glycogen synthase kinase 3B inhibitors may be obtained from
commercial suppliers (e.g. Stemgent Inc. MA USA; Cayman Chemical Co. MI
USA). For example, the endoderm induction medium may contain 0.3 to 30uM

35 of a GSK3p inhibitor, such as CHIR99021, preferably about 3 uM.



5The hepatic induction nedium conprises a chem cally defined basal nedi um
suppl enented with one or nore additional factors, preferably reconbi nant
hurman f acwonsi2/ebizeh i nduce the ADE cells to differenti ate/gBny/doepati c
progenitor cells. 10Suitable chem cally defined basal nedia (CDV include
RPM - 1640, which is described above. The CDM may be supplenented with a
first TCGET |igand which stinmulates SMAD2 and SMAD3 nedi ated signal ling

pat hways, such as TGFP or activin, aslHescribed above. Preferably, the
medi umis supplenmented with 5 to 500 ng/m of a first TGET ligand, such as
activin, 15pref b tion of ADE cel be
cul turecP fSoIE m? %é 55 OEHﬁl%)re er % m gg‘f/%%a oioﬁrngtcog tE[?]M i

popul atk?a(?ﬁldﬁedhelpa%qpélﬁ‘reél@é%lvtléh thféllb’snf f@ﬁ?heBé?’(p"r e8si on of one or nore
hepat i cpr%rspgﬁd/ﬁdymn&ek&l gakk@rss arnd/o@ilsoxongr@freramﬁ LADz oel | anuas kelris rrayhbe
noni t or and/ or detected._in Qpul ati o iating cells. This
al | ows THE"BXt eﬁ?t edllt“fn’ragﬁerﬁ j|[:£ol|{r%°foprejpe e%eY n%gﬂr%gt%&%tsl it is cultured.
25Heépatic progenitor cells are capabl e of differentiating into either

hepat ocyﬁe@srmlyi M i16hol aagh eyt B%-anth exprassqsml kets-1bn beldiuhisieages.
Hepatic r tor cells Xpress one or nore of al pha-fetoprotein

( AFP) , @T f'??]n ur(“%'fl(%%ltelcytokerat| n 19 (0K19), hepatocyte nucl ear
factor 4 (HNF4) and hepatocyte nuclear factor 6 (HNF6). The detection of

ﬁOonte thlerreaﬁcuqte {hesendmBhkess kS 4 ndi cahbve 1Qf vkl Lher gnatl agd0pxdphe, a
epatl c . nea

opul ation of hepatic progenitor ceII
sub'st an}ﬁsélslgfqﬁr%‘éltflrrg ISERe e et Htﬂ]%éé’”’#ﬁ’i’“ g%a%ﬁé, ntchegpstjp féa)l %bn may
cont ai N2@®A% TIENMDI EB82358B% umamDe e, l 00R6uge Fmtecolor (96%ods ¥TDMeldrapati

progeni §of; -4l Iss fplbh W RS Clt Ure si nid bec %‘3'49@3%1515@%@!3?!2@13' y, the
popul ati on of atic praogenitor ceIIs is suffici entl free of other cell

types tHatU RO Oﬁu MRdatiign il B PEBASHF TG0, tﬁéeﬁ%’bedl'a T%h of
hepat i cviprggersohorircel t ssugngodse pean:f o €d 1by2enyiconveniaant teehel que. 5

Fol { owi Dﬁgqhsaét%b@a '39? 4*6@559‘11'&!%@0% deserhhediabqye, vt henPopykati on of

hepati c genl tor cel I sol ated and/or renoved fromthe nmedi um
Sui t abl Q—let"é ﬁﬁoduééedéf‘ea‘\ﬁewq%ﬁcb%t S RheAretdPtY. P10MEAALTT TpPbGERTY ST 2tel | s
may be expasded,.gnaiibtal medhd N seothd, UEEropat BI@dpdidrs, exanpletdusd0zen usi ng

conventd angh.d SR AURSge10" cGd, | LIEIAREHS) 6 Al OLDAT, ApPlahgaLONS as

exa trc progenitor cel may be used in
cel | - ba3€8: tHér ¥pises; 51%5§§rktPé‘sE%‘?>ﬁ€G B’@Pb@vls preferably Cha“ged every two

20 days and cells allowed to settle by gravity.

Preferably the cells are cultured in a monolayer, in the absence of feeder
cells, on a substrate coated with serum, preferably human serum or
extracellular matrix protein, such as fibronectin, laminin or collagen.

25 Suitable culture techniques are well known in the art.

In preferred embodiments, the differentiation of iPS cells into anterior
definitive endoderm (ADE) cells may be performed in three separate steps.
For example, differentiation of the population of iPS cells into ADE cells
30 may comprise;

(a) culturing the population of iPSCs in endoderm induction medium,
for example for 12 to 36 hours, preferably about 24 hours,

(b) further culturing the population in endoderm induction medium
without the glycogen synthase kinase 3f inhibitor, for example for 12 to

35 36 hours, preferably about 24 hours, and,



In sone enbodi nents, a nmethod may conprise inducing the hepatic progenitor
cells to differentiate into hepatocytes. To induce differentiation, the
popul at i omoahi1dnepasi c progenitor cells is cultured in aproemo/mwet7ar ati on
20 nmedi um whi ch consists of a chemcally defined basal nedi um (CDV

suppl emented with additional factors, preferably reconbi nant human factors,
to induce the hepatic progenitor cells to mature into hepatic progenitor
cells. 25Suitable chemically defined basal nedia (CDM include CMRL and
hepat ozyme SFM (G BCOTM Invitrogen Inc) CVMRL basal nediumis a

serumfree basa di 1.S int art and readi|y
avai | abl e er?n ‘brgﬁ% ccluzliphrm r s p("éUlatl@étml\%n A@%S H5957 °§10Inn€|ut rogen;
Pr oductwi#€h422 nSl gyres) SMAPReach 39883 tsiiome ldinCVREhweti amd ivsisthdwa in Tabl e 3.
Hepat ozl oM éro%vtﬁefal&%f:faf&lbﬁt%a' coRdik bR Whi&h 1bst avai hablse from
conmer ci al ces ?T% 17705; | avi trgg ’vﬁ? f16 The chem cally
def i neoprr?‘éaf?ﬁi\y(m &’Pﬂﬁ? rréfi B SN EmRIRE A" 1™t AT SRESHYTor e fact or s
whi ¢h i aedioetidief éretogatm ARPBN c@Ads mat ur at i on of hepat obl asts or hepatic
progenitor into hepatocytes. For exanple, the basal nedium may be
suppl emented w t h hepat ocxte growt h fact or (HGF) or epidermnmal g rowt h
5f act or [NEECRY AP ARDECECTRE G r G nC TS EOTY( RPN SE NS Ve e P 88555 *niicl ei ¢
aci d sequancel INVHOOG60 lhadaGned3 8633168 lantirmiaclly sSefjwerdcersiP @80892. 3 G :
33859838).1118 %ngsl%llghyml |y derived mitogen which is a nmenber of the
pl asm nogen 10subfam |y of Si peptidases. HG- may be produced using routine
r ecdhbi nant techni ques or obtained from conmercial suppliers (e.g.
Pepr ot emzl-mmol\l.]M&J&@s) G Gonyenivends \,. Kt heleoficensswat colntwk MHGEeciaciche nedi um
may be 4 020 /. e I o] L | G owth
Fact or % %E} C%?Zp%eﬁgl g alsgerSrgIn En%% %?%Qa@%ddl%gep%én?émﬁM%Of%78qgo 1 d:
29601103 tami %nad%dgeq&éﬁc@swpamfiﬂ%m alndGPuffza%ellR@Eﬂé‘l%thwaél B. A
et al . Wnowheld @86iartland %%rl%z%(ﬁggé)fkom&o&m@fﬂmhsd‘u&ﬁé@l’ ewhi ch
at ?E&Q_J&'d A8 Akl 00, anﬁihedléo&gsnemage B HERYGRDINADG 0, 45 T eceptor
(E ) . be produced using routine recombi nant -t echni ques or
obt ai netptleo commerci al suppliers (e.g. Peprotech Inc NJ USA, Stengent |Inc
USA). Conveniently, the concentrati on of EGF in the nediumnmy be from2 to
Coony Ol REEST AL BOOE. B, RO P of"ecBRERARL Y oL o gL U
c?umma a e sup ﬁerren ed th o or more factors V\/mch i nduce
d| ffer ermqlat$mlarn@trm¥wtapi@rﬁeéﬁm+fépatw@yﬁeSUP@h%fﬁ%nﬁ orFéedt &i'n- M
%({%ggtsﬁwwk (NCBL ;gemsdxliasc5m 351L555235m acoah) igsgugggm NvhO20@%3601 3.G :
amn Ci u , cy in
the IL- %é‘?rﬁﬁf %egﬁc(ggﬁfg’t ﬁﬁf 30 produced Oalsﬂ ng %lgﬁ%r%r?é %Lglglo |nant
t echni qB&k aod Nibt adreede iy (mP\chnfneﬂm art sugptideds f{‘@léablﬁ&W%Fe%lY MN USA,;
Abcam Ltg,q. UQvi cCosens entl ¥1adike cencentration of Oncostatin-Min the
medi um nay be from1l to 100 pg/m, preferably about 10 pg/m . 35The
popul ati on of hepatic progenitor ceI | s may be cultured for 10 to 40,
pr effer abt ychabdit i2&cdays nedipr.odbeechehecyddpudsstineh bofahapdt vt yeslsol?
supplemented with additional factors, preferably recombinant human
factors, to produce the population of anterior definitive endoderm (ADE)
cells. For example, the chemically defined basal medium may be
supplemented with fibroblast growth factor (FGF) and a first TGFf ligand
30 which stimulates SMAD2 and SMAD3 mediated intracellular signalling

pathways. FGF and first TGFR ligands are described in more detail above.

In some embodiments, the ADE induction medium may comprise a chemically
defined basal medium supplemented with 1 to 1000 ng/ml first TGFf ligand,
35 such as activin, preferably 100ng/ml, and 4 to 400 ng/ml FGF, such as



Hepat ocytes may express one or nore of albumn, al-antitrypsin (AAT), a
cytochrone p450 (CYP), such as CYP3A4, CYP1A2, CYP2El1l, CYP2C19, CYP2C9, and
CYP2D6, fwot20r2/d2%525apopol i protein A2, CEBPa and transt hycetgBro1iaom7sone
enbodi ments, hepatocytes nay not express one or nore progenitor markers,
such as AFP, CK18 and Sox17. The expression of one or nore hepatic

progeni tor markers and/or one or nore hepatocyte markers may be nonitored
and/ or detected in the popul ation 100f3cells. For exanple, the expression
or productl on of al bum n and/or al- antitrypsin by the popul ati on of

hepat oc n This all ows the extent of .different ion in
t he pop%clt ati'on ofsbldl tﬁr @émf%(;be tee?kh%mﬁg?jila?’naf%(; %D?ﬁsta(%r%e “Fhe ) 8t

expr essRA - f40c ehpprlvaektiends iy BBe dele?himnél yrrafpests t abl e t echni que,

i ncl udi ng i munocytochem stry, 15i munof| uorescence, RT-PCR, fluorescence

activated cell sortin FACS and enzymati c naI The abi it f cells
inthe %r(%ﬁfad‘ily()ntbte pg%élf%ﬁ?ﬁ She ot © ﬁ@le ﬁe%u %/ offunctl ondg nYon

nonidt orec fami/lor 3 detver e peddudeothexanplation e abEIqetlyS of 20t he ceI ls to
performone or nore of detoxification, glycogen storage, secretion of AAT
or albumn, bile_producti on, t hr onbopo etin producti on, 2 g‘TO ensi nogen

pr oduct M T Yo A ETEITERE ST 8TRRBNI APH o it Pa "t UrERE T3 FRYCIER &tol

synt hesswsh gt yfosgendloysl,s Gsgl yéehbenésks &HORY,i BdTREMeEPmesmAYd bexponi t or ed
and/ or determ ned. 25 The popul ati on of hepatocytes may be substantial ly
free fromother cell types. For exarrpl e, the popul ation cont ain 80% or
more, 8BS hOFE N Ig0YF GRARtTE (BPEI988h B MRHrEC e‘ii%?fSﬁf/‘toés fol | owi ng

cul t ur epluripdrenapdiamerdhe prreence sorifiredporth entwik riepat owsodsrnal t he
popul atiﬁ%a% RE: }e aﬁisi rtme% wﬁ%uggly tniae mg§§%ltoae@ct§$w%%@nd/ or

-antitrypsi scrl bove. Preferably, popul ati on of
hepat oc?ftee§r|f%°r§ufHIieéFé?ﬁllyyan]r re8% ofheof pervERd Ofﬁdpe§°i‘?¥at‘alh%llﬁ‘ﬁrl fication
i s requpiedhaddse; exporred,Nahbe BepaHat roa13b0fankiepst-acyt es may be purified
by gny convenient technique, including FACS. 18 ADE cells, hepatic
progeni tors and/ or hepatocytes produced at any stage in the met hods
descri bE RepeEsiivmypibers $61 Bedrehdrot Warets 889/ CePr's faY)°Be separ at ed
from ot perrigeddntt y@]ﬂsmaﬂ(etrtaema@opulrﬁﬂlemaaishﬁtg/oanyetteechmlmpuehémovvn to those

skilleduldlbie, a0t o g Benql. 08, Lhose based emdhie. Bl egogn bion of

ext r aceP THUT &r eprtopes Ies and magneti c beads or fl uorescence
act i vat@cﬁfeeﬂtl@émri 196 T@R@Qm itRErerdicnget ﬁée s opordpt FiidfF @ Leagai nst
extracehdtlr-arndeegi ons of characteristic markers as described below. 10 A
popul ation of hepatocytes produced as described herein may be expanded,

cultured or maintained using standard mammal i an cell culture techniques.
After differentiation, the population of ADE cells may be substantially

free from other cell types. For example, the population may contain 85%
or more, 90% or more, 95% or more, or 98% or more ADE cells, following

25 culture in the medium. Preferably, the population of ADE cells is
sufficiently free of other cell types that no purification is required. If
required, the population of ADE cells may be purified by any convenient

technique, such as FACS.

30 In some embodiments, the population of ADE cells may be expanded before
further differentiation into a hepatic lineage. ADE cells may be expanded
by any convenient technique, for example in an FGF supplemented medium,

such as ADE induction medium, as described above.

35 To induce differentiation into hepatic progenitor cells, the population of

ADE cells is cultured in a hepatic induction medium. The hepatic



In sone enbodi nents, the popul ati on of hepatocytes produced as descri bed
herein may be stored, for exanple by |yophilisation and/or
15cryopr ewenvetdzeres The popul ati on of hepatocytes may becadyBaadhovd7sh ot her
reagents, such as buffers, carriers, diluents, preservatives or
pharmaceutical |y acceptabl e excipients. Suitable reagents are described in
nore detail below As described above, disease specific iPS cells nmay be
used to produce hepat ocytes which di sb‘l‘ ay a phenotype associated with a
l'iver disease, such as an IMD. A hepatocyte with a disease-associated
phenot ype ay, one pathol ogi es a 1 16, di sease.
A met hoj(?flcl npygsré?llb Thér cgemlcaiﬁf: detfmed ﬂdﬁt ec?éo%g %uc%e\zg%lj‘?lll%g one or
nmor e d|@@asél@atMh@g}’%@efihc’ittehiebp%%tqn@ns@fmh@pfatlé@%eés Di sease
pat hol ogiiresrdmY at NGl Ule ANBe: i BN @ e0fe aberrant growt h, increased
30apopt osi s, aberrant gene expression; aberrant response to gl ucagon
stinul ation; protein aggregation or polynerisation; protein entrapnment in
t he SER Thehbtmstier plduaptakesdiumprarmidior ghyoogely deéinmdl basagnredigetic acid
pr oductg%lemqe@leiﬂ 61 SHC b Sndr 9&@teénam)Egcmeatﬁ@y&@aﬂlynggdo%ﬁnas@t out
above, in said tion f ehggat ocyt invitro

p

hepat i c® ‘Hiaf’facéﬁ’? at'f o 61“ CS6PUIRE ?%Slﬁft(ﬂéjl?ﬁ%re@éﬁ érs‘t%élggrtllﬁed above,

t her ebyrpredusirnged spopul ati on of hepat ocytes with di sease pathol ogy. 5
ds-i PS cell derived hepatocytes may display di sease pathol ogies within 10,

20, 40 or da%/s after _the initjation of d|fferent|at|on fromthe ds-i PS
cel 0 1ThERISH FORLICEYLY Hepit Tt peest Wrtte 4°BsdasBIsnRAGT ;}%@0' S0tH 48 an 1D
phenot ygeescritead beowul t UreedpM enepane edrahahenbechivaimed f1f0r TeR@anpbend or use in

screeni fig oA TRL DO 05w B RishhHY neepﬁeqcyig%lwghpét}ma%ass%cghgwt ype may
conprise culturing a popul ation of hepatocytes with a di Sease phenotype

deri ved™$Poff ¢S5 PS cet Id§scé’sb98e%k&°r"ebe%re556%y' 1@%%?% ‘3spect of the

i nvent i empppemanitdessiahpdpisl até og/of dfsel titred Teepatioeytessuch @ populiati on of
hepati c,pr-aoanit of, Gebds pyoduced by a method described above. 20The

popul at} on may Ycont ai n %(5% or nore, 85%or nore, 90% or nore, or 95% or
nore hepat ocytes or hepatic progenitor cells. Hepatocytes produced by the
et hodsridesepilaedohereare rayldinsplay conares for e faldcddyensporfekamiot i onal

char act ef 5t} 68, $Peg LLg,k0 (! g5&11%§b&p Y ORYLES L. rammlay ! he

hepat ocytes may " be abfe 1o stor gl ycogen an , secrete AAT and/ or
al bum n, net abol i ze drugs via the CytP450 pat hway and express G-FP protein

under the copidsehonfort hiee bepnadracyém tspaniohesi AROAILL psomatesnc/Theone
hepat cht es ”%Eb el?[brlnaerk spr %dggemo%ngoroerd QPCU%roéet@chd itnhglpr—f'b()po' etin,
angloten5|nogen urea and chol roﬁ; and

population of differentiating cells. This allows the extent of

differentiation to be determined as it is cultured.

25 Hepatic progenitor cells are capable of differentiating into either
hepatocytes or into cholangiocytes and express markers of both lineages.
Hepatic progenitor cells may express one or more of alpha-fetoprotein
(AFP), cytokeratin 18 (CK18), cytokeratin 19 (CK19), hepatocyte nuclear
factor 4 (HNF4), and hepatocyte nuclear factor 6 (HNF6). The detection of

30 one or more of these markers is indicative of differentiation into a

hepatic lineage.

The population of hepatic progenitor cells may be substantially free from
other cell types. For example, the population may contain 80% or more,
35 85% or more, 90% or more, or 95% or more hepatic progenitor cells,

following culture in the medium.



30performone or nore of glycogenol ysis, glycogenesis and |ipogenesis. In
sone enbodi nents, the hepatocytes nmay not be fully differentiated into

mat ur e adwbtofrapat2ecyt es and nay continue to express OneCe/GBIII@oprIogeni t or
mar kers, such as AFP; express reduced |evels of A b and/or 35displ ay
reduced CYP3A4 activity conpared to mature adult hepatocytes. 20

Hepat ocytes may display one or nore of the follow ng characteristics:
occasi onal binucleity; glycogen depostts; apical mcroprotrusions; rough
and snoot h endopl asm c retl culum (ER) and a prom nent Col gi body.

5Hepat o%yt €3¢ atg)c <(aner(l)lft}gr eI | s ro %ced tsh%ug}at hads, descri bed
herei n do resg EEune exogenous re rogran’m ng torstused td pr oduce
the Il 'Se@ebi ythmhw@hl nwesﬂiﬂart e PpreSieati¢m ip hleeoeletetcs as regp AT al
transge@%spoéﬂael&oaal Mda@ic Prohepabecydies Ry Bepalhe: o egeam,t or cel l's may
be used in of treatnent of the human or animal body, for exanple

t he tre‘éotnﬁfﬁﬂfenﬁf t%%{f’ 8ht's with damaged or dysfunctional hepatic tissue. A
popW ation nmay al so be used in the manufacture of a medi canment for use in

the treaftepin fcuﬂ@mggqn%hg%ﬁmtag onalhepatb&d, i §§@%Opmth&dlo\fl dual
15with dama ed or dysfunc i onal hepa hepatitis (e

ﬁl c ti s$He %[%/ )

hepat i t P2A ¢ BFOBENIHOT £ 1G3 geYKPe &0t 7 Hiss PR Yep Oé’églﬁrl?f“a ecg?%lluﬂbnn non
al cohol $witkhtd yekhniguesdigeass,l- ddmugl imdweedrd.i ver i njury, alcoholic liver
di sease, autoi mune |iver disease or an inherited netabolic disorder such
as Alpha 1 Antitrypsin deficiency, a G ycogen St or age Di sease, for
Zoé@amﬁe@aélf/@éﬁéﬁn%‘f’()r%désDi‘asyeaieex‘??b%edi al all‘—"éﬁfrl‘?da? 0 AEFEHOPESTEY ol eni a,
Her edi t adzy e¥ymip0si fiaerh aysiGyi gingeniNajnp artesyintdpere, cronsed Hhi frerapeutic
transcagp%wgpsagpgegalt%r@wgg adrfact qr,d; X deficiency or other haenophilia,
haenochr omat osi S, | son' s di sease, Dubi n-Johnson syndrome, famli al

anyl oi dosi s, and Ref sum s d| sease. For therapeutic applications, 25the
hepat ocydxesxaﬁpaepnea‘peltadalpyogérilmbﬁadelgéadﬁ/ bepatociyt esll-Aaped hodrafietr eat i ng
a patient with,a.damged or dysfunctional hepatic tissue may conprise;

adm ni stering a popul ati on of hepatocytes or hepatic progenitor 30cells
produced as descri bed above to an individual in need thereof. The

popul at ionoré hepaieeytes mayhdiendy apspliant edjucinf usedhaprtd hepydseor

adm ni stened. | Q- LA0: 1Netnof Wbhedely] dbalsnqsll Labl& heelnbguas. are vell
known in art. °21 The oua?lono hepat ocy may prod duced from

i PS cel P@udéHC\PeaffheﬁﬁﬁfelpF@g%tt% fed 1§ rlérrF‘Ei‘rfé‘rF‘ﬁm”de‘ifé’lat“l S o on
embodi Mestisn @Hiseasd sassOGkad efieMdaal iy angined ganet inedtef actw in the i PS

cel |5y be. sarteoled. before, differentiation it o depatacktes or hepatic
pr ogenlfcﬁp eT1s, as sdescrl abov pec e invention al so extend
to a phéqrqmééuttu%am@@enﬁ@shwmc Wﬁéh‘?ﬁ?n?el]@r by LBt H8EC dERPBSI ti on
conpri spgehepat egytes or hepatic progenitor cells produced as descri bed
herein, a nmethod conprising

25 Suitable chemically defined basal media (CDM) include CMRL and hepatozyme
SFM. (GIBCO™; Invitrogen Inc).

CMRL basal medium is a serum-free basal medium which is well known in the
art and readily available from commercial sources (e.g. Cat No: 11530037
30 Invitrogen; Product #C0422 Sigma). The composition of CMRL medium is shown

in Table 3.

Hepatozyme SFM is a serum-free basal medium which is available from
commercial sources (e.g. Cat No 17705; Invitrogen).

35



10adm ni stration of such hepatocytes or hepatic progenitor cells to a
patient, e.g. for treatnment (which may include preventative treatnent) of
damaged owodysfwsrsi onal hepatic tissue, as described alpovgB2anghoze7set hod
of maki ng a pharnmaceutical conposition conprising adm xi ng such hepatocytes
or hepatic progenitor cells with a pharmaceutically acceptabl e 15exci pi ent,
vehicle or carrier, and optionally one or nore other ingredients.

Hepat ocyt es or hepatic progenitor cel ks which are administered to an
individual may be genetically mani pulated to produce a therapeutic

20nol ec far dr rowt h facto (Beh sto al , ‘Gene
Ther S0 REPEaFES 8GR Rdila e B dln e (ERE SHRFES GoEh AP oF
16(4): Bwezgct*ﬁhe riesemduravifteomtprioiindesl aatompost tqfohemlthasmsng

hepat ocyt %gpwlégr@@auc& Qﬁw%ebgwcyggé I %oPr&gHﬁf‘ed Itne TeXe]a]} d@ec;@n wialh the
i nvention, r maceut.i cal

corrposﬁﬁ SHEPJE?FE%?% Hb%&ef’ﬁ%"cﬁﬁ%sggﬁf’t}? nf\?éﬁ?ﬁ CSHGF ar‘?(’] ‘f%ﬁdeﬁ’gael PR ¢cor dance

Wit t heageres@sf) i nvention, nmay conprise, in addition to the hepatocytes, a
pharmaceutical Iy acceptabl e exci pi ent, car ri er buf fer, preservative,

30stabiliser, anti-oxidant or other mat eri knovvn to those skilled in
the art1eP8LRHY KafErital ££<EREulHF heNTEA- ?%?FB zfrqaz'sﬁ‘blﬁﬁ?ilcn(%f 1 FEEYSEFe with
t he actiwiobgeaf. 4tdie hepiticeytasno Hedpreoese: Nat uros9of3 tche TWEPBHEN os ot her

mat eri az! m\é”sgxlsch@ﬁpﬁwjdgpl\;elaem{tgggr? flc@‘dlrg QIMQLI&nthe %g.agllnirrogg)lt{'ySI ol ogi cal

saline solution, ti'ssue or cel ture nedi a, dextrose or other saccharide
sol 1t i oHRSATHIY 61 S 8Bkt ‘a8e et I’iﬂéﬁ‘é B \PEBRuCES)y By e R gr§ coicoppnant
pol yet hydceneqglsy eplobayndae £ ¢ ktded.ci bThepgnpesid.iqgonpemyptben itnctve f or m of

a paren&ﬁ\f al é%@-ﬁ%& eblyt%ea%h%eyg ] %HtafOE@vai gher eédpaar QA9eNsef %% and has

suitabl e pH, 1sotonicit ose o evant skill 1n the art
are welt° éBPeUgt/Glprpéﬁé?@béﬁlCtb&BFez%(b‘Buf“?Jons using, for exanple, isotonic
vehi cl es such as Sodium Chloride, Ri nger s Injection, or Lactated Ringer's

| £etT Oy A HOCOUROSELL Q) E@c}@bg%e 2158, UssBY Ak %fé%'? Lelehiospi nal

flurd. pat ocytes or hepati or cell’s may into a
pat i entNthyWOahiB18e chFil g ue R bWr? F‘ﬁlrtohéc%ﬁf tseqeenge 111_1?_19(9%17]160101 G(11998) Nov.
Di sord. 2916%,11(53wppkeyn19183 . kreedal CoR Neu&bsall 12( 14%5’)45@@I 1sBpansp ant, 6,

201- 202; ef al 995 dyJour i.clne, 332,
1118- 11‘%5? §Er eed.” é’hﬁfh rfé‘@ﬁ‘;)] (eﬁleW%:ulyera oaun;éna tof%fr l(f‘(%mrg%%%%g?’,
1549- 1555dipe 1B AR receryior LRGTRet Bz"@omawﬁvy Arog83¢ DAY FA39LML) . I n

parid cut&romsﬁuntsma%&émsrr@xab@ed A& lcpind 4 01 th@ppayrdsalie wei n of a
t| an in.accordance with the present

pati ent, 20 m ni s o]
i nvent i SRS &Fera abﬁy‘ % 5mg'e|8rtop yﬁ cti AN e et e “aRBUNE" OoF a

therap@ﬁjt&GEaid yhefrffeeletlm veyappdmnet 2 4s Ztorﬁ)eu@:/a‘sle pepfebeblvakbdisugh w9
prophyl axi s may be considered therapy), this being sufficient to show
benefit to the individual. The actual anpbunt adm nistered, and rate and
25 The chemically defined medium (CDM) medium may also be supplemented with
one or more factors which induce differentiation and maturation of
hepatocyte, such as oncostatin-M. Oncostatin-M (NCBI GeneID: 5008, nucleic
acid sequence NM 020530.3 GI: 28178862, aminc acid sequence NP_065391.1
GI: 10092621) is a cytokine of the IL-6 family. Oncostatin-~M may be
30 produced using routine recombinant techniques or obtained from commercial
suppliers (e.g. R&D Systems, MN USA; Abcam Ltd, UK). Conveniently, the
concentration of Oncostatin-M in the medium may be from 1 to 100 pg/ml,

preferably about 10 pg/ml.

35 The population of hepatic progenitor cells may be cultured for 10 to 40,
preferably about 25 days to produce the population of hepatocytes.



25ti me-course of admnistration, will depend on the nature and severity of
what is being treated. Prescription of treatnent, e.g. decisions on dosage
etc, i s wohbre/bkrsresponsibility of general practitionecs/Gsrdiigtohes
medi cal doctors. 30 A conposition may be adm nistered alone or in
conmbi nation with other treatnments, either sinultaneously or sequentially
dependent upon the condition to be treated. In sone enbodi nents, the
hepat ocytes or hepatic progenitor cell$ in the 35 popul ati on produced as
descri bed herein may display a nornal phenotype For exanple, cells may be
obt ai ne from an individual with he at damage . 23 or d sfu on and used
to prodt®8 PPERelT s S*I T Eofis Srbldr %bu"flﬁ‘é ?]P§n(t:etﬁy§ My coLt ain a
mut at i orvterhgerepd® defrRict sardas mu§>3mat a@ﬁ&iMorC\tPéfEéctC%Wlbe @defect ed
usi ng cany enbioNale £ EGOMRI NERIod1G RN ACR2 | @ REAIEE LB, GflbEiNI [h
nor mal phenotype. Hepatocytes or hepatic progenitors wth a 5 nor mal
phenotype may be produced fromthese i PS cells as described herein and
i mplsant &d sbid Qembbdimpatsi;,ermbpit(bcﬁze@ﬁinfayafotamrie@éadr% bhendrepatdgen dasrage or
dysfunction, .l n, of QgrAﬁnbegHr%ggssO ,he hepatocytes or hepatic progenitor
cells in the ’6 popul ati'on produced as described herein may di splay a
di sease phenotype. For exanple, cells may be obtained from an individual
w t h hepat 'bgp)_dza@@e o@ro&ystumtei Bdbaaiel diSgehiltdr pintdee adid$@ra$>ﬁes¢leci fic iPS
(ds-1PS) ce Rat o¢ S plepati o] it not ype
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t he¥? becflBetksnt 8dr te@alrﬂlé]set okke &XHB*F%?&PH phrepBrdpseiorFef Ebeampt endf oie odeneti c
mut at i O&tqrtr%flecﬁy WhE GhbpuSa £ @8 PONHebh & dy0Es A9 ¥H Seasmmipbenatype may be
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xtent. o erentla palnoc etc?%netlc
mut at i ofis f EETET Af (HA6F HPRG A derPs? f)ncetﬁe defec
mut at i ofetegnimmdr eedt/ed Berd tohed n@hmxpmﬁ@netlﬂfewb]smrws e Peepat ocyt es or

hepat i caQ rRIQGER) L0k Ss YLD tleemlaﬁwdmcm&@mtghﬁmmbtw&h&@lsrtepal r or

te t hepat d f t tl t t
o1 ottt e DREEF T BEa° aDIE iy BEECRSRN T - ROHbI T hg TRE™S HERTICL | on of

t est compbendgiani¢ Rnhépstsi-c ceI l's, for 25exarrp| e in toxicity screening,
nodel ling liver di sease and screeni ng for corrpounds W th pot enti al
t herapeutic effects. hod of screening a conpou

cont act Ty aﬁl}dﬁﬁfu?%ﬁebﬁs di” Heh &PBEYAER" Frobtided™ I °a Oﬁe“to%o ?68%0 etre i bed
above witrktaotsesty cenmpoundredrdy/or deterrdet@r monigrgmbho ¢h¢ edtilofy rhe t est

conppung, OR. SAl @omﬁ‘eq%%%@so@ﬁgé@roft B&&Etf&tu@,t %@y&&%p%&%@es on the
test conmpound. The hepat ocytes YEhé’ ga a normal or a di sease. %henotype

24 The @?‘if\ﬁfhoerf\f?pé"belatl?urB’f“'t Rt ity s tﬁﬁ‘if"bﬁgoheettlgrﬂfoﬁjélﬂ 't he

pr esencengiekaidivegdro ptrbm:cabs:e,n(cen@érstxhxe dfestmapdApoundea AudeTrcgas® (i n gr owt h
or viabildik¥ed. S pglieeatiye i alel g GoMmayBddias: & nepalebodsgsefdest . S
monitored and/or determined.
25
The population of hepatocytes may be substantially free from other cell
types. For example, the population may contain 80% or more, 85% or more,
90% or more, or 95% or more hepatocytes, following culture in the medium.
The presence or proportion of hepatocytes in the population may be
30 determined through the expression of albumin and/or ol-antitrypsin as

described above.

Preferably, the population of hepatocytes is sufficiently free of other
cell types that no purification is required. If required, the population
35 of hepatocytes may be purified by any convenient technigue, including

FACS.



Gene expression may be determned in the presence relative to the absence
of the test conpound. For exanple, the expression of albumn, alantitrypsin
(AAT), a woptohnems p450 enzyne, such as CYP3A4, CYP1A2pcCdiRkil/ooQvB2C19
CYP2C9, and CYP2D6, factor |X, apopoliprotein A2, CEBPa 10and/ or
transthyretin, may be determned. A decrease in expression is indicative

t hat the conpound has a hepatotoxic effect CGene expression nay be

determ ned at the nucleic acid level,for exanple by RT-PCR or at the
protein level, for exanple, by innunologlcal t echni ques, such as ELI SA, or
by actiy, SS Cyt gchr ol 450 a exa n nt

15f | uor eds'%:é(ref1 X%‘at m)pmﬁlertl:l z%gayng/gfsn%ef?cfy%svﬁtrogmethLg%Ht g.?] a%al | abl e

frontcoﬁﬁemeﬂepss@ﬁﬁri@¥%he$ﬁe hEt #ot 3GAted g ararPohficgr Iatéakefdwhc of the
t est comeum&dbyrtnheth@ﬂoe%@pwyess Ry the pdehertibneding ngotE:raahedi ment s,
changeskln t le ampunt Oor cqﬂ%entrat|c110f test, % nggund and/or a

nmet abol 1 t° Saref £8s onpound nﬁ % ge?%rntne neasured over tinme,
ei t Her mwnm@usw eerraaitelelm@roﬁpmpes t9ymen pidicAt & aF@rmaean BeadfeF eases
in the anRYBicHke Cecertgemerdatmnsettltnestlesrpgmddan}dt% JdsBcseasesoddies he
anount or .concentration of 2 Op ite of e§t co oundbqu be

det er mi HE4 D FSMEE &P%H:rf%"§one enb ra'ﬁ%h %ﬁ Ay € of°change in the
anount lkglogencentration of test conpound and/ or netabolite may be
determined. Suitable techniques for neasuring the anount of test conpound
or nmetabolite include nmass spectronetr 30Thi

det ¥} mi hikvg e op nOR/WBatt‘P&P”F&I PF%S UeGx cF‘Ff/CIle’F? :ngy(‘?ﬁ]“ &Pyokfeh&xp?‘hde\?l’ o)
propert ¢€suoéd tohemd st icoinpounyd st e rdrmarpp bl dnunetli gnktwok tdmnhepsat-ocyt es
may be determ ned and/or neasured in the presence relative to the absence
of the test coqggund For 35exan§ the ability of the hegat tes to

per f or nTOFE™% reRBF RSB S R xR FRE AL BnO DB LRI ES FFAPLTHTIES %5 Fﬁ%&ﬁ n

st or agepezecrmetyl ba 0br&AT for ex3bprd byniypehblisecperodudteon, thronbopoi etin
proﬁycttgﬂ)rgﬂg%ateg§lnogen production, conversion of anmonia to urea,

chol esterol synthesis, glycogenolysis, glycogenesis and |ipogenesis, nmay be
determ ned and/or neasured. 5 A decrease in the ability of the hepatocytes
to perfewmpepeumﬁomnﬁehqhtbhese hunmkimnexbm»hhe gihes erregerned, asiste abo t he

absence, of. the Lest..compaung. d | GALI XS tpgoattt%eepmqwdaéa@ tdble

hepat ot oxi ¢ ef fect 0 A'net %od of screenin r a conpound use in the
t r eat nefrcigtents)i %lelrtaﬁi%é&é@e‘ﬁéyaﬁ%ﬁﬁﬁ?@@edddht“%‘t |dr“i§aJal BBbU -at i on of
hepad ocyt es produced as descri bed above which display an di sease phenotype

wen ﬁe%gfd%ﬁl%e U0Gve ANl 58 GLOLIYI00; ANRBIS REY W wLdiP cheSloagiomPOUNd on
hepatocytes which display a phenotype associated with a liver disease,

such as an IMD. A hepatocyte with a disease-associated phenotype may
display one or more pathologies associated with the disease.

25
A method as described herein may comprise detecting or measuring one or

more disease-pathologies in the population of hepatocytes.

Disease pathologies may include one or more of aberrant growth, increased
30 apoptosis, aberrant gene expression; aberrant response to glucagon
stimulation; protein aggregation or polymerisation; protein entrapment in
the ER; cholesterol uptake; lipid and/or glycogen accumulation; lactic
acid production; and deficiencies in one or more hepatocyte functions set
out above, in said population of hepatocytes
35

A method of producing hepatocytes with disease pathology may comprise;



The hepatocytes nmay display a di sease phenotype. The effect of the test
conpound on one or nore di sease pathol ogies in the hepatocytes may be

det er m newo 2bro2ewanpl e, the effect of the test conpoungcerGBog/I12780r € Of
cell growth, gene expression, protein aggregation or polynerisation;
20protein entrapnent in the ER chol esterol uptake; |ipid and/or glycogen
accunul ation; and lactic acid production my be determ ned. Suitable
techni ques are wel |l known in the art &hd include i munostaining, mass
spectronetry, Western blots, and enzymatic assays. 25 A decrease or
anelioration _qf one.or .nore disease.pathpolqgies d tQcyt.esydén the
pr esence, ré|“§??k,“§ to thgogbe 5?11(:% d(l)FP rgg?la%gﬁgoouﬂn é%&lggpoﬁngfc%t ?5% t hat
t he testelédmpodhscrirgd bd@ouseful in the treatnment of a |iver disease, for
exanmpl e an ignBesiyt gdodRliaP ] ip6peli=30bdet. népeabpies of c3Qindweki t ed metabolic
di sor dera_sc are pr ovi ded above. Methods as described herein may conprise the
step ofP3"48ntd fying a test conpound which reduces or aneliorates one or
nmor & di sease pat hol ogi es, for exanple | MD pathol ogies, in the hepatocytes.
Conmpoungs ; ¥ &1 T @dyGeq Iodl 683365 RRLNG LIk iRBYsD@atis@icyled Rithe 10,

devel op%ng of therapeuties faor the treatnent of the Liver disease. 26 In
ot her emodf ménf'e’s £ Ee%'eggtjﬁlcl)?faetsloﬁa?/ iFsptay & normal  phehdfype and may,
for exasplle, be derived froman individual with a high risk of or high
susceptibility to liver disease, relative to the general population. 5The
effect of the tes onpound on one or nore of cell growth, or gene

exprles {75, PIEHC é’aﬁ’ﬁ? CUXPTRLL DT 6 SHEyBERI G §A%D <"I(SC‘VP)I,Mgsuch as
CYP3A4,pHeYPl1vsR, GMP2ELcuICYPRCL9xpde2Cod antht€YPXD6 fonmkabeladéberusiened. The
ef fect gf ;thefigst %OMQdoP%aQ%iQEnm%Faédw@gé Qnsnof Jibe.deepatocytes may
be determ ned. For exanple, the ability of the 10hepatocytes to perform one
or nor EPOHEORRY i CEPT O STlWQ&?]iaCPE%“}@E)h%&E }gﬁ%?gfi‘@étr‘?ss‘t’bﬁbaée, secretion
of AAT dirseabduienst yipiel @ pved utnoss - iPhraibepacisete serpbetwobieon,

angjot ensi nogen production, conversion of amonia to urea, chol esterol
synt hesi s, glycogenol ysis, glycogenesis and |ipogenesis, may be determ ned
and/ or HSABET SFPERC ety BB OF &5V VRS ?op%ﬂﬁ%loé‘bgﬁﬁr?@l%‘%/edt he test
conpountkpaAbctiREr @asepbpulgene eXpiassiomrogerawbh @idsogrodneedbynor e
functions,ibp the presepsg relative to the absence of the test conpound may
be indicative that the conpound may be useful in the treatnent of a liver
di sease, such 20as hepatitis (e.g. hepatitis A, B, C, D, E Gor K,

ci rrchostis, phgpat 06elndayl @dnte it Goros| mopen sak cahabtre, Pattor hbomer odi Eéase,
drug in i I ALUry, ol j | ver di.sease or autoi mune |iver

di seasegylﬁ‘g% c?v?}é%oﬁyélé%tﬁ%f P%%?gnﬁﬁ%egl%ognﬁ%iu%d whi ch reduces or

anel i orates one or 25 nore di sease pathol ogies in the hepatocytes, the
conpoungkgxaychesnpdiduced dyotopticth &R bésrphed maceit naqldippdperhees. Thi s

may be done ysi g, fmdebling L echnl aues. Rl o 3Le; M.l Laknawp. i n the art.
25 hepatocytes. For example, the hepatocytes may be able to store glycogen
and LDL, secrete AAT and/or albumin, metabolize drugs via the CytP450
pathway and express GFP protein under the control of the hepatocyte
specific ApoAIl promoter. The hepatocytes may be able to produce one or
more of bile, thrombopoietin, angiotensinogen, urea and cholesterol; and

30 perform one or more of glycogenolysis, glycogenesis and lipogenesis.

In some embodiments, the hepatocytes may not be fully differentiated into
mature adult hepatocytes and may continue to express one or more
progenitor markers, such as AFP; express reduced levels of Alb and/or

35 display reduced CYP3A4 activity compared to mature adult hepatocytes.



A test conpound identified using one or nore initial screens as having 30
ability to reduce or aneliorate one or nore di sease pathol ogi es, such as
| MD pat hovogbhea25i28 t he hepat ocytes may be assessed f ur PoerGB2eimgizee or
nore secondary screens. A secondary screen nmay involve testing for a

bi ol ogi cal function or 35activity in vitro and/or in vivo, e.g. in an
ani mal nodel. For exanple, the ability of a test conpound to reduce or
aneliorate one or nore 27 synptons of9pathol ogi es associated with the
liver disease in an animal nodel of the di sease may be determ ned.
Follomnn |dent|f|cat|oq'of a test co End whi ch reguce§ ggtgggllorates
Sone or§P8F &8 e I pHRYI %618§IVﬁet% & pEt o8y s CPIRE“Ropetnd may be
i sol at extcantdren ?Rﬂwcﬂﬁ%ﬁy oglyﬂogemrﬂprﬁiﬂsy amlca&ynimgos§qﬂ?h€$ﬂm§eerH§Wng
convent i pNahodtBCHMUBYUESNIQf 1L @CAMH NAR £UPL §3Sh LRl c&RBMbEH. synt hesi s.
Furthernore, it may be manufactured and/or used in preparation, i.e.
manuf acture or fornulation, of a conposition such as a nedi canent, 10
phar&mc@ptaitcalteeoqsmosmﬁi@npmgedm@r c¥hbs eroducebedsadive meshededesoribed

i ndi vi dualks, fQr nw%x E@s%t RBOtexQfedbuls 'Y@ﬁfro@k%@§& fa\éasisougeé Wt PEsquaspect s
and enbodi nents of lﬁresent i nvention W | Farent to those skilled

in the 9t Fh e é’f’l‘f B3P rddentPUPERITS Ut thiSCGAIl HocGhEREEe trent i oned i n
t hi s specinkgoaision are i ncorporated herein by reference in their entirety.
"and/ or" where used herein is to be taken as specific disclosure of each
200f the two specified features or conmponents with or w thout the other.
Forllex anprrautakiandifo P oPEt ¢ Obe" PakEN PASIYPEET 1G5 81i%e B3 &Yl each of
(1) A odtihpdB @Entlrdatinedc Afatick Bumgrust @simbf medeh i setmpoetthendi vi dual |y

herein.. 2abtnl %S%ﬁcpoa@&g%és di gl %taﬁ§ge%t @@rws%mttlgﬁald%ggge&t {ons,.and

definitions o features set out above are not limted to any particul ar

aspect BPUsAbioWi HEhRleP RehesichyEnticomeHACaps §f eqdartPrent doF %?bé&ts and
enbodi nery g radiimehc alreqgleseni hedys B0Cersrailnhaspect sisand. enbodiiveats of the
i nvention,wi,ll now b te Jvay: Leference to
theﬁ?lguggsd%ﬁieg abl %¥S%%§§%%%Edg%£¥ ¥VatSg&e(?iéymf}!r\%s@&%twu§1shO\I]/\/the
generaIW%WteP“hépd%oéyt%sEfr%ﬁ%dFéeé%éﬂ§ﬁéé1ﬂPEaQSWPPS@§ CHiPIEY) 1or 28

alcoholic fatty liver disease, drug induced liver injury, alcoholic liver
disease, autoimmune liver disease or an inherited metabolic disorder such
as Alpha 1 Antitrypsin deficiency, a Glycogen Storage Disease, for

20 example Glycogen Storage Disease Type la, Familial Hypercholesterolemia,
Hereditary Tyrosinaemia, Crigler Najjar syndrome, ornithtine
transcarbamylase deficiency, or factor IX deficiency or other
haemophilia, haemochromatosis, Wilson's disease, Dubin-Johnson syndrome,
familial amyloidosis, and Refsum’s disease. For therapeutic applications,

25 the hepatocytes are preferably clinical grade hepatocytes.

A method of treating a patient with a damaged or dysfunctional hepatic
tissue may comprise;
administering a population of hepatocytes or hepatic progenitor

30 cells produced as described above to an individual in need thereof.

The population of hepatocytes may be transplanted, infused or otherwise
administered into the liver of the individual. Suitable techniques are
well known in the art.

35



Figure 1 shows a flow diagramoutlining the protocol used to differentiate
the dhl PSC |ibrary into hepatocytes. Figure 2 shows inmunostai ning anal yses
for expreweiomr/@f7aspeci fic proteins 5nmarking key stagespofi/dBpatmeyse

devel opment (Day 4 Endoderm CXCR4, Sox17 and Foxa2; Day 20 Hepatic

progeni tor CK18, ClK19 and Al pha FetoProtein (AFP); Day 25 Foetal
hepatocyte: Al bumn (Al b), AFP and al-antitrypsin (AAT). 10Figure 3 shows
real tinme PCR analysis for the expresdlon of genes marking key stages of
dhl PSCs differentiati on to hepat ocytes. Figure 4 shows the differentiation
of hESCs deri ed def| ndoder |nt f oetal hepat efined

cul tur((a‘?ﬁlcoﬁ%p Pong olf—' E %%%(dprfé Sit %g oe;ﬁ e‘%atlg(e:d %e Trar ker s
in DE cadils grtewmed drOIQ&hdaysﬂandL@dndm isons dmpddigteinye fdapedrspati c

differ eargtsloaiat%la mLFﬂagl’J&?s %3 SHWSC %%@&@wahy%slﬁmmng rab& £ Roexfiegsi on of
Al bum n a-| - §? and a-| - Fet o{gr otein %AFI% i n hESCs

deri vedoeff(?é‘f aqlfﬁ%beé‘ttééfh s“(tlﬁa 25 Ocﬁegsuf)é B2 N RS P TIIRDST°al i 7§ anal yses
of tshe @&eepriessi epowf. Al bumin 20(ALB), Cyokeratin 18 (CK18) and

a-l-anti trypsi n (AAT) in hESCs derived foetal hepat ocytes (Day25). Scal e
bar 50b%‘rﬂ gure 4D shows ELI SA anal yses show n hal - ant.ytri psi n ( PAT)
and Al ﬁ%é’ér@ﬁ SRV Tl AP e HEAr a°of HESERC §°F3 éﬁ “Hepat ocyt es.
Fi gur e dddishrans, | ertigcobloghactdompsi tobn CYR3A% by mﬂamthasmeeé@EX) in

hESCs q@aqgﬁpc Osélql 3&4&@9@5@6&&%@& %;@uf}F shawsy RdpASSaY Showi ng up
take of chol esterol and PAS staining show ng gl ycogen stora e in hESCs

deri% e PFEBE H 2 ReParE cSHBS " RECAF E-95aP T BEPPMC ProgerElan; S5 Shofs t he
fracti osetakncelel §. eoopr essicngn tal(bithnnayf tierl 2k degrenodt3@hepattinent) of

di ffere&wagga %@Pg%%hgmngy FAGS: @naLyses s QUi 8,8 shaws my phel@ghc

analysis o erived hepatocytes (day 25) by transmnission el ectron
mcr osc‘bfpgi‘alﬂlr@pIaa%ar’?@‘a%‘?ué%ﬁ%é:OBPOS(%)‘O%ﬁiOE‘a’flSﬁ‘P%r"’tﬂﬂlf"rfig dheh (2) gl ycogen
rosett esepatbeyt@dat ar &bmeapeogteakedSt fcéDIH @nen 35bhawnacpatiicenly kecépraeld) but

ar epresent t|v S | t Figures 7 to
loels w )%Cﬁg N Vi ro rm(%jrel %In[r}%§ éargl %t%ﬁ?%s?g ﬁéb?%‘?é’ﬁg%(N %\TD) usi ng

dhl PSCslanﬁQLﬁ‘”éS? shows | ATD- th PSCs differentiated to hepatocytes displ ay
5functional activity characteristic of prl mary human hepat ocytes incl uding

the pre ence i ntracell ul ar e%ll y 1 t.arage as shown
by pen%d)a% %}&eﬁ SLATFF St AN p%]rPﬁgiﬁ y%gog)éﬁ)ﬁ%ggv I}ngl ?)ygﬁl poprot ei n
chol est &r6ridptakey &s %ﬁtﬁmcwyf PRBPE ST ‘@idné‘? edoteR Pelreye1Sifopr ot ei n

(Dld9 i meQEpns,atcbdnexchPle 2NEQIPOFE afroany ,faatduinben seeeetd en Andcact i ve
Ther 2006 Mar;13(5):379-88, Klein SM et al, Hum Gene Ther 2005
Apr;16(4):509-21)

The present invention provides a composition containing hepatocytes or

25 hepatic progenitor cells produced in accordance with the invention, and
one or more additional components. Pharmaceutical compositions according
to the present invention, and for use in accordance with the present
invention, may comprise, in addition to the hepatocytes, a
pharmaceutically acceptabie excipient, carrier, buffer, preservative,

30 stabiliser, anti-oxidant or other material well known to those skilled in
the art. Such materials should be non-toxic and should not interfere with
the activity of the hepatocytes. The precise nature of the carrier or

other material will depend on the route of administration.

35 Liquid pharmaceutical compositions generally include a liquid carrier such

as water, petroleum, animal or vegetable oils, mineral oil or synthetic



10Cyt PA50 met abol i sm (Cyp3A4 Activity). Figure 8 shows imunostaining

anal yses for the expression of m sfol ded polyneric al-antitrypsin using the
pol ymer sweebfyms2€1l anti body (m ddle panels, green fluecessBocap1Ts an
anti body that detects all forns of al- 15antitrypsin (left panels, red
fluorescence) in patient specific (AlATD, top row) and control hlPSC

deri ved hepatocytes(control, bottom panels). Figure 9 shows endogl ycosi dase
H (Endo H) digestion of Al ATD dhl PSC d&eri ved hepat ocyte m crosomal

subcel lul ar fraction confirmng retention of 20 m sfol ded pol yrreri o

al-antitrypsin protein is wthin the endoplasmc retjculum n 3 Figure 10
shows ELi'sA §ys g%]soé’s}%a]t &1t Paceticmt arrlségf)roésgfjolnctli\:teﬂrl sTeqiﬁid secretion
(rmedi undexotosd lor(hey sawthpoldeneecluwripfPalrypkydody alchaas idtthypsiengPBpiotein in

pati enty,,specidd 1 {RhAIP)p-aDE 159B5L Qh %QAP%C@ h\/@ﬁmb@pat ocytes (control)

foll ow ng overni ght proteosomal inhibition by M3l3 n 3. Figures 11 and
12 show in vitro nodelling of famlial hyperchol esterol aem a usi ng dhl PSCs.
30 FEi gure tdmisowsonFhayliePSCsthei 6.1 entd abechceoa Ngpatogybbse disphey

functional,-agt i yhigh, gbagﬁgg&{ 'f§EéCan(&f hy ISR 61 BUNRN s DERAL OEYS €841 el udi ng

intracel lul ar presence bum n (Al bum n), glycogen storage %GI ycogen),
al bum n®'€EEHE-onTRAT8 %ﬁ%%"ﬁtﬁ&’é@ h‘éttélﬁo"fritsﬁf? Cﬂ‘fﬂ)é,@&’ Act? PFEXAT® 30
Fi gure élﬁtshm/\&oEA@Snanadly@ stofroexdriptior eéseedriat echilcows Dersi4sy sbdpopr ot ei n

i ncor po %w& CR0fdJmech SH: IELF,’SS} dgelyad Qﬁ%@&ogmafuﬂ rgd curve) |ack
t he ab| to e Ci entnl Low Densit I poprotein conpared to the
posit i v‘é’m@ﬁﬁ’ttrlﬁp oAt rRﬂepaEﬁCﬂJést‘m \?é}lflﬁFP’S@fﬁ?%ﬁ/ﬁl?a& fhetbsence of LDL

5were used as a negative control (unstained). Figures 13 to 17 show in

YU O MRASLANG S0l H¥eogen, St at 808 cafe%ﬁgtmrﬁpla% g&lllmo PSS A0Fi gure

13 shows iated to ocytes dncti ona
acti vi t3pychashmdees ikeere if the iarar (e Hunhlﬁ’dﬁélplat Beytleds) r%?l"ud?lf‘?@rd 13,
intracedpghar: rarse*s;emeeed)f caizburatnaz( A bugw7n) ce 1Al britispl sacr ef izon-20ud active

Cyt 450, met abol i,sm,( Cypas etwi Li¥ha Lok gyro%&dl%hgxs Reria %cl agi d

Schitf Stai nlrri ShOW' n Lessi VeI Ree U] Ion of intrace g ycogen in
GSD- dhl Pses - orerR| vé?eP%éﬁ%ﬁvtéwJ@@ec%mayl cSnettiedne o 3RY Sé4ae¥fi5\?edLe
hepat ocytes &4 am cwmtcéolzowbﬁaqcts?,e(a@@mig 0h)39—m)=3 IaOEmgnrcelalfscstmws BODI PY

stainin ShOWI ng exc ssi ve _accu f intracel | ul ar ngi_ pid.in
GSD- dhl S’elrclnve'&ayhepajtno_1 ? (q%%%% fipared fo hP P& deri ved
hepat ocytes from contr ol subj ects (Cont roI ) . n =3
20 Administration of a composition in accordance with the present invention
is preferably in a "prophylactically effective amount" or a
"therapeutically effective amount” (as the case may be, although
prophylaxis may be considered therapy), this being sufficient to show
benefit to the individual. The actual amount administered, and rate and
25 time-course of administration, will depend on the nature and severity of
what is being treated. Prescription of treatment, e.g. decisions on
dosage etc, is within the responsibility of general practitioners and

other medical doctors.

30 A composition may be administered alone or in combination with other
treatments, either simultaneously or sequentially dependent upon the

condition to be treated.

In some embodiments, the hepatocytes or hepatic progenitor cells in the
35 population produced as described herein may display a normal phenotype.

For example, cells may be obtained from an individual with hepatic damage



Figure 16 shows dhl PSC derived hepat ocytes appropriately upregul ate 25
transcriptional targets of glucagon as shown by gRT-PCR anal ysis of the
expressi onoeh12REPRK, G69 and | GFBP1 anal yzed 0, 1, 2 an@c®/dBrurigoadser
stinmulation with 100nM gl ucagon hydrochloride. n =3 Figure 17 shows

GSD- dhl PSC deri ved hepat ocytes(GSDla) secrete nore | actate 30(GSDla)
conpared to hl PSC derived hepatocytes fromcontrol subjects (Control) when
assessed by ELI SA analysis of a 24 ho#&# collection of cell culture medium
n = 3 Figure 18 shows exarrpl es of PI3K inhibitors. 31 Figure 19 shows

funct| onal , apal ses of ored Al AT Cs- der| e he at ogyt i ke
cel l's. T GUPe™fon ﬁ%\/su | mmngfrfﬁ%crees%:%nce?regu ’Xb % e %ﬁsgn%:e of
pol yner¢€cll§’mémpmteilln & muhepiemnoeytaenkike deéﬁtdtsagfeﬁellatr@daﬂf@npé -49PSCs. Al

forms qﬁay%é\T o(rkeééedpamlgsLomqtm@flokmmnxr@dhglé;e% Mmi)r(o%&jed'i@s
panel s). gures 19B a 19C sho ESA at a 5&? assess n e, r@t&at%aal ul ar
0108) " At 8ot e B CTOE M FRVETE. Ol ROPoER| & AERE ey BTosERLT

hepdt ocytmmal i dhencetdesmale bevetbdbremIAPATDeht RSEsc¢12Z) as cleb PSR d(IRReiand
control 5 PRGSnkdd)inEb GHeepdOns hays gndogl yeRsi dase He( Rpand pepgide: N-

gl ycosi dase éP) di gestion of Al AT i mmunopreci pitated from uncorrected
10( Z2) , °TSYPBEFEPTRR) and control (++) hl PSC-derived hepatocyte-like cells
(upper panel s) and correspondi ng culture nmedium (|l ower panels). Figure 19E

shows chynmpLLyRsbouiEEhSA showengrdNats car hegted SelgkS: dRR have, AlnAT

enz%/matl c i nhi bi torq;)/f activity that is superior to uncorrected cells (Z2)
and* &1 oR¥ULBE HFUPTONEPAGCHEETIORT JGres TOE H38 0E Shigse phenotype.
15i mmunpdd u@&sreﬂeen@aelefmatyr anspltainied fkoven sedvidnrg dethebepargchdamgeal bum n

(Fig 19{) 529 egn (aﬁagusle%Gzo p%efaaﬁlgé%lggtege%a@w%sweotshzmplcelﬂ gure 19H

shows rea -out of human al bumn in the nouse serum | on%ltudl nal I'y
f ol | oweldeHasPCEEE O hiiGBRL L CABTFeNE koTst HethBuSE aRas RIGBPBtSed®t &¢hi st ol ogy
anal ySi srodbead e€rbarihesd GspraliBasa deacBbel landik. ahesshewhs agy20nm@abe s. d.

ok %@g@ 'S rLod8gl, Wasy e@tg&&‘;ge NSy (%l%op%g%g &0t . Experigrent s

ods G déri Vation an W ng appropriate ethical
appr ovabr &sdepratt &t 1EorRseArsitdenfRs kit ddﬁﬁ?ﬁ? BIYPEYRS MRgr e GBEETTEE from
vol unt egf iigrpatvents addnangidrgalbedenbrankets cosqitt aénetEt st t@fs aunber

08/ 0313/ 201, RED. Ny, AQQA480)., ELBLOR) 45! ek odlec  upg L1gmLhe donat ed
| Se

tissue I'n ondi tions usi ng "stan ouse protocols and expanded
i n st angrr@ctibrodl Est “%@&IEtflﬁ“étYﬁ?der?ﬁorAédltthleokﬁﬁﬁatf’?iﬁreéb?%s‘leps‘alr’?pl es were
obt 29 negrdge@M I NSERMoe implanted into the patient to repair or ameliorate the

hepatic damage or dysfunction.

A population of hepatocytes produced as described above may be useful in
modelling the interaction of test compounds with hepatic cells, for
25 example in toxicity screening, modelling liver disease and screening for

compounds with potential therapeutic effects.

A method of screening a compound may comprise;
contacting a population of hepatocytes produced by a method
30 described above with a test compound, and;
determining the effect of the test compound on said hepatocytes

and/or the effect of said hepatocytes on the test compound.

The hepatocytes may display a normal or a disease phenotype.
35



(France) and the Coriell Biorepository. In total 5 different disease
sanples from7 different patients were obtained as detailed in Table 1.

Mol oney mwoi2oe/d2enzkeni a virus-derived vectors each cont acmigrroti@izedi ng
sequences of one of the four human genes, Cct-4, Sox2, c-Mc, and Klf4,
35and the corresponding viral particles were generated by Vectal ys

(Toul ouse, France) and used to infect the fibroblasts at a nmultiple of 32
infectivity of 10 as originally descrébed by Yamanaka and col | eagues and as
we al so recently described [29]. Once derlved hl PSCs wer e cultured in

st andar C.cul ture condit S qut S + £2 (4 ng/mi;
R&D Sys%L 5o % rl\)ila]Oll 5 Il%s%p’onéeﬁl s cor% alg%udr?éc%r?ra%l arfe nouse

5f eederl%r.esﬁl\m? Ef?ﬂ-?%ﬂd’lel oh téﬁdahﬁem:e nfn’ehqaéleymoas@meham dre®AsEoir  Tot al
RNAs weg@weXtdaet ok ifie prashk REGs c 0Fe @hhif amenddmpbesh PeOgLRebMctoksd Ng t he
RNeasy I\an Kit (Q agen, Bilden, Germany). Each sanple was treated 10with
RNase- Ff €6 “DNase (Q agen) to avoid DNA contam nation. For each sanple 0.6
pg of total RNA was reverse transcribed using Superscript Il Reverse

TranscrédieasgodekBVid hogan) de@ahnéa e PRl ¥oEJase hativd eactie0mdRER)
reaction %Xt ures were prepared as descri bed (SensiM %(bdlpr ot ocol ; Quant ace,
t t

London, §F tR&n F&nST PN at T 92 P8 s MHSFBEZAT" QrcPed™af’ §4C for 30
155econ@t§1t6ﬂ6iﬁomﬁ30, secohdshroaad4p2 Grfzgne 3Gusk condil 3A4el ¢ 3488, by a fi nal

ext ensi @nsat, RertQy, é%ﬁgnu;r@sc@ﬁztn%r £L01BL eitd, ORo Qo1 40: LUEL €S, EWdpEr
se uences are descri bed el sewhere [1 % Real -time PCR reactjons were

r¥or N/ 851 GRS B FAt g BAE WK IDEBR 1T FolIdS T i WEFFM Pcat e and
nor mal | zed ct ol yporpholbhé | vogemddeasrianhser (oPBGD) ef fedtheGa@mexpugnsi@PEORy dat a

20ar e pﬁ;ee%@@éﬁrqn@é atth?hé“?l%'alé)lf g@{@qeb@ﬁeﬁep%@{a&p@egr;wr@eﬁso@nyt %aor bars
i ndi cate standard error of he nean. Priners used for Real Tine

anal yseRrren |§e¢fed fion ‘T"ﬁ‘é‘pf%.'blbé N tleﬁﬁ’&fr%’FFuosr“égcae%@élspZSH PSCs
or theilby dictfeir@nsssatyed Qrogesint ossowesexyhi xed Eomp26, Muniteseat, 40C in 4%

ar?sf OfPﬁJoqggafe% @pdchw%zjem%gaw @gpvsalrfe&awﬁ PBShe Caldl snyerg; iagubat ed

for mnutes at roomtenperature in S contai ni ng 10% donkey serum
(Serot eErCLmt ﬂorﬂmeéﬁﬁa]sﬁb%@dﬁéﬁt |y i ncubated overnight at 40C with prinmary
anti body diluted in 1% donkey serumin PBS as follows: COct-4 30(1:100;

Abcam a%%l@ad oA Blgggadﬁgbé%s] oPBRaldsh08: AL ADANS %%921113 tachyury

(1:100; cam ab stens Inc. Sox1/7 (R&D Syste Inc.), FoxA2
(1: 50; PMICAATHIFSOTN) beC#?FAAm{f!FdZSBl SSQﬁte&‘bE’?thff“BﬁotCééﬁ?ﬂﬂ oGy IENRMUNt GATAG
(1: 2@0,0A%amr&b225&009rtesan&@p&w aBupdeahneaegyidener)sai@XGER4 (1: 100; R&D

RN P TRIT MR R ]
at one or more time p01nts For example, decreases in the amount or
concentration of test compound and/or increases in the amount or
concentration of a metabolite of said test compound may be determined or

25 measured. In some embodiments, the rate of change in the amount or
concentration of test compound and/or metabolite may be determined.
Suitable techniques for measuring the amount of test compound or

metabolite include mass spectrometry.

30 This may be useful in determining the in vivo half-life, toxicity,

efficacy or other in vivo properties of the test compound.

One or more functions of the hepatocytes may be determined and/or measured
in the presence relative to the absence of the test compound. For
35 example, the ability of the hepatocytes to perform one or more of

detoxification of organic compounds, glycogen storage, secretion of AAT or



A008 ), al-antitrypsin (1:100, Sigma A0608) Cells were then washed three
33 times in PBS and incubated with Texas Red or fluorescein

i sot hi ocymoaveonsj2egat ed anti - nouse | gG (Si gnma- Al dri ch; pETA201im0i2t5donkey
serumin PBS) or rabbit 1gG (Jackson Laboratory, Bar Harbor, Mg 1:400 in
donkey Serumin PBS) or goat 1gG (Jackson Laboratory; 1:400 in donkey serum
in PBS) for 52 hours at room tenperature. Unbound secondary anti body was
renoved by three washes in PBS. Hoech3® 33258 was added to the first wash
(Sigma-Aldrich; 1:10, 000) For Iipid visualization a lipid specific stain
BODI PY (.boron rro hene; | PY(r). 493/ 503 | nvitrogen. D 3922) was
used. 10TEFHL o%ég PP OWerté]rﬂ ci?@é ‘)eld‘ Reetisht €4l Fr&gli%%%jmotqel y prior to
i npl antatodont icandeappr oddnmaf elmpod 36 teeldes, weod ed rroed| sitrédebemeat h t he
testiculik, @d%’iy&fs of 4B, eeksQkdara aip%tg?e/n@fgs-rﬁgy sl dbgiN/dmahg/d¥ ce
(Taconi ¢ M& by, Denmark) housed mai nt ai ned at 20C- 24C, 50% room
humi di trﬁ‘fasilﬁeda 14 15t o0 10- hour li ght-dark cycle with food and wat er

|l i bixum The mice were sacrificed after 60 days and then the injected

testes yere ol INLQ.ehual (PifCese %%bglgoc@tééztgr @Jf%% onther MRLerdal was
fixed over nlght in 4% neutral buffered formnal deﬂ and de dr ated t hrough

a gr adethSer S ot %al ol §* 16 Ky I Eha Fhéotiss e\ﬁég Tnb8UAEG i n paraffin,
seri al | gorpecid anethcitabpry tROf ohé owedolns H&E ashepationgxiandf&drar-act eri zat i on.
A human origin of the selected areas was verified by fluorescent in situ

hybridi zati on (human-speci fic probes, CEP XY; VWsis Inc., Downers G ove,
| 1)10 The mekpet Phettechit% (PErF GPRRRYF R 135 SBerifi S8F dfef FBntt Rt “REGTHal
Commi t t €iesebos mARi crdprExger i nent ati on (St ockhol m Sweden; Dnr N107/06). 25

Karyt ot ype aéga%é(éél% a o rc?f %{?é’%é&g sC?!?éédé%BCé/s %@séﬁ%@hdéb%%s then

harvest ed and neta ase gpr eads obt al ne I dge University

Hospi ta‘i’fslcéy‘flosé’éﬁéﬁ“cél%ﬁaé@n@sef‘PE%Pel ybot &t g‘f'i} CPPFf A€ht i ati on of hl PSCs
t 0 hepat ocyt®sertiinREEscnaece efpassaged tsitngorponnd mn eald agenasetdsV/ di spase
(0'115]% G@BCO 1:1 (v/v) mx; then transferred onto plates pre-coated with
fetal bovine serum (PBS) in COMPVA or in plates pre-coated with human

fi br oneBtd Aera o3Birevr oyl teschiisede [Pt wsr tHe FIIH PoITEWHY day,
cell's wes@ogrown bie CPOMIAVAd S44apk esenbBshiwk tin CHL RRYAPAct38s pidy Bt engent ),

Ly29400%ﬁ {10, oM. F3r4eca| |oc%ﬁg%f f t|¥| (%fgf% ngrésgmuhdl%chorsttrelqng JEGF2

(40 ng/ T8) and to drive
di ffer emhlasr@ﬁhofgqﬂepsweusm@ pPWﬁethv@%??%t&I@“I?Réoéﬁé‘l‘elfésatllﬁé next day,

t hexg els%&ctdemg GRI-hSnaer &n GhoWR;i Bh&lWEEMA spipleenetiadand/bh d1y284802 (10
pM Cal bi oc

accumu?ngon and lactic acid production may be determined.

Suitable techniques are well known in the art and include immunostaining,
mass spectrometry, Western blots, and enzymatic assays.

25
A decrease or amelioration of one or more disease pathologies in the
hepatocytes in the‘presence, relative to the absence of test compound may
be indicative that the test compound may be useful in the treatment of a
liver disease, for example an inherited metabolic disorder. Examples of

30 inherited metabolic disorders are provided above.

Methods as described herein may comprise the step of identifying a test
compound which reduces or ameliorates one or more disease pathologies, for
example IMD pathologies, in the hepatocytes. Compounds which reduce

35 disease pathologies may be useful in the development of therapeutics for

the treatment of the liver disease.



5activin (100 ng/m), FG2 (40 ng/m, R&D systens) and BWP4 (10 ng/m, R&D
systens) to drive their differentiation toward definitive endoderm On the
t hird daywpheidmasas nedi um was changed to RPM (G bco 1@&4@)cBandi/001275

suppl emented with activin (100 ng/m, R&D systens), FG2 (40 ng/m, R&D
systens) and B27 to obtain anterior definitive endodermcells (ADE). To
10i nduce hepatic endoderm ADE cells were then cultured for five days in
the presence of RPM (G bco 1640) suppfenented with Activin (50 ng/m, R&D
systens). Finally to mature the resulting hepatic progenitors, cells were
grown in a CVRL / Hepatozyne (Invitrogen) basal nedi um suppl enented by HGF
(20pg/ m, Peprotech) and Oncostatin-M (10pg/nl, R&D). 15 Flow cytonmetry For
det ect i bn opfierAkpordifeposi thy depettayteadher érplerld soptalt ReentdPof2NEhe

hepat ocyie €i.f E%r@ﬂ@ atd QBr Pt ecs awe{rﬁuw&ﬁ@dwiem geniigh PEsSc andbt hen

i ncubat ed for utes at, 37C.in cell sQcC at| on_buffe L,nvitrogen,
20Car | sb&4d, s‘tf&)ept@elq IsY \?\C/é)r galvc?rsgbscﬁag eareby venft &h5i e etrian % g ¥&8uspended

at @pprie rbteityoD. theltostloFmoad rpere wirl hods pércslh q:r@sthh 3% agraal goat

serum (&@%Es&%ﬂt ajdy eganglé%@&bggldnsemt @Grddndome PEEOT @é,ypu, Kuknhand 0. 1%
Triton- Oellsweethnlncu% 8d 24210 mnutefét 40C with primry
nouse a ¥P3Aﬁ0n%¥'?1ﬁ|2bu?ﬁp Ednt ¥ B &557 RED 2£45537% SR B0 ¥ rPSouse | gG

25i sot ypeecantedl ThBR fPhar mfnglem)tesCeiolmsowneir en tckmenozamalryz@dcbyona EACS
Cal i bur . IAGLING L B 1 P6! BLGER o AN rJOSGan Al | L0L Qb5 95 - cplimber of

al bunmi n° po 1ve cel was recorded a he ‘average fromthree separate
expet i nerRgCc3ESUlT BEF (ATEr O &&t Ip%rr?aﬁf dflf—tamv}ga?m RAfFIT P PP e AKX S

Shi el d 2040%en sStepped gradi et oamMEad(H-]lbdmgesbnm prod@tP&SC deri ved
nopal OoUl SRSl 8. O QUL I, B el BlaLes and harveshed yskpod cel | soraper.

Cel I's were then nechani ca repeat ed passage over a ball
bear i ngaeRDY R 2EFA Wféeééﬂﬂsaléfﬁ@ﬁﬁ%m QM%OG@éﬁ%stilFug‘éd’caﬁef{%%m& for 5
m nut es1 {Ag6)eaAR( dhersupetAahant ardi/butedstee@ihimal peonraeatsattor e 35%
OptjPrep and trans re o a _new centrifuge tube. 35 2nl of 30% Opti Prep
dHlD nﬁ“eofagf) ocﬁo?gl %?‘%pte\ftér% TaFetul ly layered sequentially on top of the
supernatant and the tube spun at 70,000g for 2 hours (4oc). The liquid

interfage ;hordmd bfetg\éﬁsrbxbb@sglw bjlfotvetﬁnelna)/@f sn¥es aarefruhtyioaspir ahed and
agai n spun at g T g ssubsequent ..pel | et formed

ut es
was re- Sﬁﬁ%lé:ﬁ?i’tlv%fﬂ of %tffef‘cé? Oanaé a6et 1B AT he M cr'osommal fracti on.
For enddgﬂtygmpgag@np] 14ECh8. Psefudpin the treatment of a liver disease, such

gl yeppeps lhdsagtqgn(p%ylhé}ﬂti&sa@ﬁwl cP-gl eeosam ny,1)12-aspasAgi ne

1, 4- Nacet cosani nohydr ol ase estion, .mcrosomnal eI | u

fracti o?ﬁ‘y %lq‘dr@%sctaéﬁl h @608‘][1‘#“?%9 S EndoR ghAyRe Boeﬂur% ng uecred
Mannhei MvetOiNBnnheileph@drcnbiner foyea8e houpst@mm@yC lien danedsezed as

detail ed bel ow. SOS PAGE and Western Blot Analysis Sanples of 30 pl were

m xed with 10 pl 4x |oadi.ng buffer contai n| ng %0%(v/ v(_} § nmer capt oet hanol
and 4% (Wl\?yl d%ﬁ]tdféﬁ%\tllfgeﬂf Bycg%O(‘lW\f) ich “reduces' or dmeliorates' one or

more disease pathologies in the hepatocytes, the compound may be modified
to optimise its pharmaceutical properties. This may be done using

modelling techniques which are well-known in the art.

A test compound identified using one or more initial screens as having
30 ability to reduce or ameliorate one or more disease pathclogies, such as
IMD pathologies, in the hepatocytes may be assessed further using one or

more secondary screens.

A secondary screen may involve testing for a biological function or
35 activity in vitro and/or in vive, e.g. in an animal model. For example,

the ability of a test compound to reduce or ameliorate one or more



15acryl am de SDS- PAGE. The proteins were transferred fromthe gels onto

| mmobilon P nenbrane (M1 1lipore Corp., Bedford, MA) at 200 mA for 2 h for
West ern bivotzommabypesi s. 20% (v/v) nethanol was added to trhe/dB2ansfoer7sbuf f er.
After transfer, the nenbrane was washed in PBT (PBS plus 0.1% (v/v) Tween
20) and bl ocked overnight in PBT plus 5% (wv) dried skimred 20 m |k
powder. The foll ow ng day, the nenbrane was incubated with anti-al -
antitrypsin antibody diluted 1:10, 000%7n PBT milk for 1 h, washed six tines
for 5 mn with PBT, and then |ncubated wlth 1: 100, 000 antl-rmuse

| gG hor ser %ldl sh pert%x%dase anstlcbgd gﬁl"lérglp 1d lrlTan rane was
washed T PUPTHEF FR°tT1Mes 19°°5 m n Wit B AT v PBE bef ore
25develgiehgrushagpishessECrY Repeet Singnd - V‘ést Fent o maxi mum sensitivity
substrate (Pierce) and exposed to fi | m Enzyme |inked imTunosor bant assay

(ELISA)_for al -antitr 5|n i.ndi n rface TAR 96- ates
( Cor ni ngOﬁanUé%\ “%¥ td‘8%1t 3‘0‘305\%??{?1 hfléil WiPE R rf%gsnﬁ )?rpﬂ“mﬁ °f abbi t
pol yc| ovre! oanrtqrbo@hlsessegwarcnsltogabs ianthe mepsiqey(Abcahe msaunocawbmedge, UK)

at 2 pgf{d¥atdn gaamneaefftiega&b@m@g&abmefﬁrlt(Ihla @ISW@@%;&H&“@- After
washing (0.9% w v NaCl, 0.05% v/v Tween \Mf/,re bl ocked for

two houf® PR PBLKISTE  HUFP et CPEED G256 R;?F%%%\Cg 6% S‘F’\Ré%?i”ﬁm
Sanpl esFyrcbétngre, 38medy U mmxfebttscehy@eﬂormﬂd pt rokpNonidet il ysi s buffer
( 150mM rmgfacélqm Trf'o?m\@]atlcer ZfSa c%n(ﬁ((s\ﬁ/tyan NQ@h da%t apmezl')q}:améﬂd st andar ds

(plasma purified or al-antitrypsin) were diluted in blocklng buffer
andquOpFihaéElﬂ%edlttlBa]e&Sﬁp‘WéltFopt r?énd‘f%cubﬁ‘[eéﬁ Ty bt v%imﬁ?)tﬁ?re%fttoer washi ng,
t he wel islivwedwlsntatbated reptienei ther 1985 0fs€2€&. nonocl onal anti bodi es
(I'pg/ ML diluted in blocking buffer), and incubated for two hours. Bound
nmonocl onal anti bodi es 5Swere detected with rabbit anti-nouse TgG
HRP- | ab&1iads dit Fidd g seSitgnandarBr dEAe" Havér HiS PregRE 11“20ttﬂmyﬂfloﬂoeone
hour. Tamakea&cCttbothosassidaved apedhavatrh IVBibw qifi thes phstarat ei{Sogmee.Al dri ch,
"'a‘|<f§hi|| UK) for 10 minutes in the dark and the reaction was stopped with

H2SO4. Absorbance was read at 450nm on a Ther no- max m cropl ate reader
( Mol ecubdr dpeieaks megtinipdal e thig (FREAL figasin Pre HororpRyasrdtessbheYbl ocki ng
assay, £&leksnoeif ghHeawnerntArétywel | pl ates and MG132 (AG Scientific, USA)
diluted lin 10,000 was added to the culture nmedium 16 hours (overni ght)
prior to harvest. Control sanples had equal volunmes of PBS added to them
15Enzyne21d/ akedPermued draht i&ssaype( E14e8ARS fserchHl Hfufi 7rioeery °€uialr e
medium gpldhect.ed s@é/cerflaalrrreswml analoyg&thnic B vh{tlhpdni cateodry thhetCanbr i gge
Uni ver sj.t itals Biochen c stics laborator n ouse
human a %yur%x?lmseem i ? I%SA ?% k(eBl %E oy UK) 3bs {/%119 i/os\‘g\'%% e&eggcrﬂesgéed as
ng per M)l PRy oWldePIagldpé*llm Agindcll tiyee %ﬁedifLﬁﬂChZEF Ot otstir R PAST It i vity
Cyp3A4 aetdivity assay was nmeasured in triplicate using the P450 - G o assay
kit (Promega) according to the manufacturer's instructions. Cytochrone
activity was then anal ysed using a P450-3 oMax 96 m cropl ate

25 Unless context dictates otherwise, the descriptions and definitions of the
features set out above are not limited to any particular aspect or
embodiment of the invention and apply equally to all aspects and

embodiments which are described.

30 Certain aspects and embodiments of the invention will now be illustrated
by way of example and with reference to the figures and tables described

below.

Figures 1 to 5 show the generation of hepatocytes from disease specific

35 hIPSCs (dhIPSCs).



25l um noneter. Periodic acid Schiff (PAS) staining PAS staining was
carried out on cells in triplicate using a kit (Sigma 395B - 1KT) under the
gui dance wb 20em2f@st urer' s instructi ons. Di astase 30di gesriagBzowam1275
subsequently perfornmed to confirmthe positive staining was due to presence
of dycogen. Transm ssion electron mcroscopy (TEM Cells were rinsed
briefly in 0.9% NaCl and fixed for 2 hours in 4% 35¢gl ut aral dehyde at 4oC.
Cells were then scraped fromthe platé® under fix and resuspended by
rinsing in 0.1 MPIPES. Analysis was perfornmed by TEM 37 Upt ake of LDL

The Dil-LDL stajnin Rurc sed fr Sto hton ssay
was perfdPhed § ah%"(q)sr gl %190%\(%6 31‘1 rFé)GF p(r |£ns r uet Cllgﬁs hcglﬁa‘f ysi s
was perfrer petPS€ohiaricn g noel hqm@owf@tsatl on in FH di sease speci f| c hl PSC
5hepat ocytes with Dl incor poration in control (Hep& cel | s). GFP reporter

Cells were tran duced wi t he APQA-1I - %P | enti vect o[ a P{ evi OLtSe|lXS
descri bed f16] AR é%?ﬁoﬁéalwgn‘?r&léfg%% T IHRET Aol CSPS Ptesponse to
G ucagomrsthgnileat $wyes difl P& ey i v sdvhkpatot Pes M\énéOdermub%ﬂCééi, feprlsi x

hours in,sSes s fpaeohighrol %@@@m%l\&mppdmemcpmm; ftrezm\ﬂoteégl ut am ne,
1000/ 1 en|C|II|$?1OOJ nmL streptonycin, 0. 5% Bovi ne _Serum Al bumn (all

from 15 §ha-CRYdfT CIEE S CAPPREREFR’ SLPWRIa Zé]cf’ wi £ 768 '@Ph’ctédBﬁmB
hydrochIP@xrrl )de (Novo Nordi sk, Bagsvard, Denmark) or PBS (Sigma-Aldrich) as a
negative control. Total RNA was harvested using the RNeasy Kit (Q agen,

Hi | den, Germany) at 0, 1, 2 or 3 hours after stinulation and purified as
perlorran’{ffgéléftﬁé WS IRFHAIMACER RRYVESSE §Fallec FIBTSSSAoNEE PEIToPHEd™8n | ug
20 RNA kay at2fplof edcPsOn i dreneiaxont aicnhagpt2000:sMol oney Muri ne Leukem a
Virus Reverse Transcriptase, 500ng random pri rrers and 0. 5nM deoxynucl eoti de

tri phosl%é%!t es (all from Pronmega, W sconsin, as per manufacturer's
gui del i re ORACHRS N8 ubj T Fat 1 £ b e af -EShE ddfdé}ﬁ%(i‘ F&H%Hﬂ%ﬁ“&ﬁd&’aﬁ’i‘ ABI 7900
det ect i Dirosysdtam KeAppbt e sBi0spst 63 cu Fast econ@ii t ygnsCATi @busimghdagaa PCR

|\/B.Slt56 r nlx)%)rgépi%lni 89 h%bQ?é’c%ttE rﬁ?a)rképg iglegbe_c%9§§;igfrio‘gn fo)rrV\% céjays in

conditions inductive for hepatic differentiation. Figure 4B shows FACS
analyses showing the co-expression of Albumin (ALB) o-l-antitrypsin (AAT)
and o-~l-Fetoprotein (AFP) in hESCs derived foetal hepatocytes (Day25).
Figure 4C shows immunostaining analyses of the expression of Albumin

20 (ALB), Cyokeratin 18 (CK18) and a—l—antitrypsiﬁ (AAT) in hESCs derived
foetal hepatocytes (Day25). Scale bar 50 uM. Figure 4D shows ELISA
analyses showing Alphal-antytripsin (AAT) and Albumin secretion in culture
media of hESCs derived foetal hepatocytes. Figure 4E shows Inducible
activity of CYP3A4 by dexamethasone (DEX) in hESCs derived foetal

25 hepatocytes. Figure 4F shows DIL assay showing up take of cholesterol and
PAS staining showing glycogen storage in hESCs derived foetal hepatocytes.
Scale bar 50 uM.

Figure 5 shows the fraction of cells expressing albumin after 25 days of

30 hepatic differentiation as shown by FACS analyses.

Figure 6 shows morphologic analysis of dhIPSC derived hepatocytes (day 25)

by transmission electron microscopy displaying presence of (1) apical

microvilli and (2) glycogen rosettes. The data shown are taken from one
35 line (patient 1; line 1) but are representative of all lines similarly

characterized.



and reverse priners and fluorogenic probes. Al results were normalised to
human 36B4 as a reference gene. Priners and probes for PEPCK

(Hs0015994:8 20b)o25@8P (Hs00609178_ml) and | G-BP1 ( Hs0042@28&Bzh)1/00E178

pur chased as prenade stocks from Applied Bi osystens. O igonucl eotides for
303684 were designed in-house and synt hesi sed by Sigma-Aldrich (Forward,

5' - GCAGATCCGCATGICCCTT-3'; Reverse, 5 -TGITTTCCAGGTGCCCTCG 3'; Probe, 5'-
[ JOEE] AGGCTGITGGTGCTGATH TAMRA] -3'). CéPrection of Z nmutation in

Al ATD- hI PSCs  35AI ATD- hl PSCs are descri bed above. 2 x 106 hl PSCs were
co-trans fecte nl& FN % res‘s/i, n vectqrs. al d hetdonor te Om%lgteem

subj ect ec(l’utr%S cii°” 38°sEl &t lforrﬁlo%l -‘.’L% FhiTiACEY Froays gfter

t r ansf eH1R8M. UIgemg tdhdP¥iseson exci si on, target ed cells were transfected with
pCW- yPBase (Yusa K., et al PNAS US A 108, 1531-1536 (2011)), cultured
for 4 days, ep at ed_and ecte

122 oo R o p BTt e B BHael T2 BePioRubt APT0RI AL . To

i ncrieaskirck ohegeni Givt yy cbekdctenestact peatredami hhmdRODKPE tvkiy bést an@BidiYg 27632

(10 pM it Bpége%cpraptnt&cgtﬁﬁ%l Ald @n amb&étnhm%&e@ét sPbaldengs JResul ting
col oni es weredgl cked 2 weeks | ater, anal and further verified by

Sout her'® BFBtO%fial5isi S iEAht PSEL HePPYk d%ﬂtéif’é’t%bytr‘@wl?el?é gg|ftpoprotein
transpl a@ntlatt«onli wpuammsodmwmbentlu@%denam&gienom Deheety Alpoprpceinner e

housed mhpatrttggsgﬁ 568 GBRdIHbLONS: 200 3Nk Ml 5T Ldi-€5; WPLR appiaved by the
comm ttee on ani mal_ experinentation of the I nstitut Pasteur and by the

Freffth M55 S? r“VtB}"POlAé‘i“l CuPEYt et férentiated cells (5 15x 105 cells per

animal in 50 pl DVMEM were injected into the spleens of 3- to 4-week-old

Al b- UPAR/ ; rBa@%héws 'l}natrgas/talmngear(ﬂyzzs £hhe e swee@t;tomwsres\t@%e%ac“ ficed

2 weeks after trans ntatron for histolo glca anal ysis. Bl ood sanples were
col | ecte&yeﬁe%aMtaFWH §5inB| HemBO WS T giReRE F¥5 &l WtEE?Cs’A tEEtRy

Labor atparriees) grEézOZf&Doi:ds\é@ﬁcé)eﬁfrl ananvefeyattalyzetchy 20i perisobt worecence

hurr% m ple(f% elgr ITP.:[LO@eé; Igalﬁ%ggpﬁ%gltfép% EE‘ ggg}—\’l%

Non transpla e m ce re use as Ccontro deri'ved
hepat ocyFesofr 6it aiéeted I Baft iFeRt S IWBPRA PEUE (FBP 2B uRESST APPGLS) -
recapi tul ate key features of the cellular pathology seen in the associated

i seasesqgch A8, 2a0re0atlon ol 1 310l dad MULaL, danbirbrapists 1n the

endopl asrﬁ crefieul rcren rec ate esterol uptake
and el eyatigdd debhtdcte| nisirds eivd at%ég@mraémmpratqoeﬁlrmlrnesleeteatlspn ot

denanst hadr81 61 pbhgnelh & St1-bhiB 1t Psn BERICs camibeilusrg dnaopngelc 30a di verse
range of | nherl ted cgl seases in adult cells. Generation of a hIPSC |ibrary
from pat{%eats™Vi Ph i"nherited nmetabolic diseases of the liver (IMDs)

Figure 10 shows ELISA to assess the intracellular expression (cells) and
secretion (medium) of all (All) and polymeric (Polymeric) ol-antitrypsin
25 protein in patient specific (A1ATD) and control hIPSC derived hepatocytes

(control) following overnight proteosomal inhibition by MGi32. n = 3.

Figures 11 and 12 show in vitro modelling of familial
hypercholesterolaemia using dhIPSCs.

30
Figure 11 shows FH-dhIPSCs differentiated to hepatocytes display
functional activity characteristic of primary human hepatocytes including
intracellular presence of albumin (Albumin), glycogen storage (Glycogen),
albumin secreticn and active CytP450 metabolism (Cyp3A4 Activity)

35



Dermal fibroblasts were obtained from skin biopsies fromseven individuals
35with a range of I MDs and three healthy controls (20 hIPSC |ines, 7

patient s,wb 2dixesres - Table 1). These sonatic cells wereTidB2011/089275
reprogramed to pluripotent stemcells using the four factor approach
devel oped by Yamanaka et al [13]. The success rate of hlPSC derivation was
extrenely variable ranging fromO0.01%to 0.1% for each individual,
confirmng the existent variability ia0capacity to reprogram der mal
Sfibroblasts frompatients of different ages and sex Where possible, 3

hl PSC | nes_per nd| ual uent | S further analyses in
or der t% & |l‘r312e 55%5@?3 l\?a abl q? esceJYna gf &r en %4t ¥ on Peap :t§¥§

exi st entnc{g’epweaénOlil |q®e§11dreri| Mhﬁ?WEhJe’eslah@qtndNﬁSdﬂfal reEFfFelrr’esLHaFi(ng

I'i brarypf abilP$9 J;d Res; 12l NEge promvlcbeheﬂhwm%@rs}eMeeemﬁzaaw erézed

10f or thei,r norp g res i on otenc ac to
for m AP IAHTS GERooL e e Bk ok br ST PR, BGann 1 11T6F Horlh

kar yot yypeeansed he aempgetsxsneocmrprroil<Iuestr'@fneehdogenous and exogenous

pl uri potency genes. 15 All the hl PSCs expressed endogenous narkers of
pluripotency and were able to differentiate into neuroectoderm endoderm
and rres%’t?é’rr%f Jel FR, M cam A g e ifoeve e Pe HBFRIT0 S@%W@Fa?‘eseﬁfﬁrﬂyﬁ?)t ent
stem celd s:simmmi\hsmtl c cells. Interestingly, none of the hIPSC |lines

| acked the ability to differentiate into one specific germlayer show ng
t he absence of 20strong variability in the capacity of differentiation of
t hethl PSEYFF nes Sb%"h"elségéjdllfﬁqs OAf EErepEtRFe IRt AR THSYESS ABARTIYal Kkar yot ype
was onl sunehseraledct ivihy REEsa greawmt fopf | pnga pemuogs hepatdayee{ passagegd0) in
chem ca [ S Lture 4 used
to expalnrij%ﬁgggégggap% %}Cte g leolll?me%gktg%gﬁsst;ﬁp %%nyggggﬁégyb%gnyﬁ%ggl bed
25f or h@fﬁfﬁ5%%F9%?ﬁlémstcéﬁ?€‘ialdc§lillfl¥$€s) [14]. Therefore, only "early
passage" hl PSCs (<p30) were used for this study. The nunber of viral

| NtROr At QN8 YAs, Al 1abl & BELNRE | ddes. ANd, PALLEINS LAIRLOL ¢l NG pr evi ous
st udi es showi ng ulg reprograming I's not assocliated wth a specific
patter naQﬁ“mVifr‘tdlonl t égEErGeORI 2Ly BEe T RaFFR dhéRIGpPer @RPr essi on of
eXOgenohléspaTtEaﬁs‘eg%@ﬁawa{sonrpaE@d yodetmct &k ilved QldbatddRSEs drhomesordespnst rati ng
t he eff| g%/ %f our viral, vector to be silenced in pluripotent stem
cells. IF&e |vef’y ése results denonstrate that the hl PSC |ines

gener at ed for this study were fully reprogramred and 35t hus represent a
unig;lue Fidercarys @Bomblas&dyi @e§lrd@§ié&®dliﬁj gﬁb@ﬁiﬂ\f@n&tc&u\ﬂbié’tlbﬁm 40f

Devel opnent. o rohust a [ net ho ener at t rLom
pati ent rstré&{lﬁ 2hiPEEE * r\/‘g ﬁad\jgkg%ggﬁ Tedh Ocﬁtecf Qﬂ%ﬁs? %gig%col to
d|f1=ereh{ﬁ&§t@eﬁyyﬁgthggtggnjes from control subjects (Control . n =3

Figure 16 shows dhIPSC derived hepatocytes appropriately upregulate

25 transcriptional targets of glucagon as shown by gRT-PCR analysis of the
expression of PEPCK, G6P and IGFBP1 analyzed 0, 1, 2 and 3 hours after
stimulation with 100nM glucagon hydrochloride. n =3

Figure 17 shows GSD-dhIPSC derived hepatocytes(GSDla) secrete more lactate
30 (GSDla) compared to hIPSC derived hepatocytes from control subjects
(Control) when assessed by ELISA analysis of a 24 hour collection of cell

culture medium. n = 3

Figure 18 shows examples of PI3K inhibitors.
35



normal hlPSCs into hepatocytes [16]. This culture system provided the
S5basis for a novel nethod of differentiation, optimal for use with patient
speci fi c WORBG#250Q@ar mai n obj ective was to devel op a si wplr&sBreilnod7s hat
could effectively differentiate a broad nunber of hIPSC lines into
hepat ocytes. hIPSC |ines derived fromhealthy individuals (n= 6; 2
different subjects) and individuals with al-antitrypsin deficiency (n= 6;
103 different patients) were used to éhpi rically screen a wi de range of
culture conditions. The resulting protocol is described in Figure 1. This
three ste ratocol  fol lows the k ges of .t hen I t N .af
hepat 00y P Hve atertr TETRe 47+ Dot b he s 2ot Ry o AT RRed ¢
endoderfmpeé<1>¢.\z§ee3<}j‘fee§sllr‘ﬁg BORER, 15@(@R<4WS flmmféweﬁéﬁnceargﬁeléﬁf?}t?%ﬁ? ker of
?E't eri oghleg%éémcty ye pemﬂmge M 1fafr O3 IMak € i nt h@patb&weaek& &eani @ﬁ@ﬁd’t&ﬁle:g: )

i gure a n u tivin
BWP- 4 ahd™a’ g\c%S% L%rﬁl blfoArPEhgy? eofug]?l dgac\é\fr%ac%? Y85 t hen
di f feer et M&ﬂédmrtmlof Qé)rlrﬁelpat|1tlgpF@gelﬁBtmdsl%§q§PessﬁlﬁgAmn,a CKESSeTKEDS HNF4,

and HCN]f/%Lt%E\Lé&glq?@azt (133) idngeﬁ‘%uacyi(ﬂ9@ﬁC1eBgl73 suppd1grBAto AEjF,]er%yelmfmwr at :N?E
ina atocyte c re. medium m ocyte gro
fact or ?ﬂﬁé&?gyﬁﬁa%%ﬁ?c'ﬁgﬁﬁ gﬁml\ﬁe i &1 Yeb ZhTéDpE?%&{Tg% 25FV\%<PSIa g ex%resm ng
bot h al {nmyrel andsed -(ant iRioypsildDbshedayerRg{ Fiogldese2 H BE)aﬁdd@ePtFm

anal yseg ft}%ﬁqet h@t d@&)e@t%nt&ewﬁﬂ Ima%@@@itp@@am tf@%%n@élhte'ért@d condi tions
expressed al bum n ure confirmn ene cel |

DOPAit ot [0 GRHEPRESY (AFY RO S ABpr QAL 2By -y 95 Pepre<be | B Fsrotkd
st rong mppphalangicillantesenbbaomeénd auhtwwen nbeipat 0bytegspardils pl équng% 19E

30occasipnal cRjrBUENR: hYedEh G & i ,thgty&qgsae@epgﬁﬂ st $ri§ RRLEA1aT
m croprotrusions (Figure 5), rou and snoot h endopl asm c reticul um (ER)

and a pPUHAkift 1o O%th‘ﬂ’fyag?ﬂtt LB UPEREThFRSECGEFTMed Fegat 4t es
shar ed sidcbede ith adule chdpanctitenal Fighasadverdrst i8S shownati ve hunman

oc e d 9 Le-gloncogen . umSeCcrete
N I LA N GE N

GFP pr ot ¥R ndas 197 f‘,’&f’n BT Gt e hePit B%i/tc@u%if’éél f"r’t?dAB% pronot er.
41 Furt hejurer 81 th@seEPIres seadr oot @(@gmus;bwneprngrtammmefa@ctumrs remai ned

suppr esgo %h erltng?ff 581 & 1C o0 iefagl gk %QatAswﬁsmet&%s@Ae L ansgenas st ay

sil ence erentiation. hese data provide consi derabl e
evi denck® $howplrgyrEladvaht: Fankt PofrRl 18Rafmachdrd &b ifts Cotnd Fed TS VBT AP s
gengs at @shnl B O, CaHA)Ur & sipst ame-wes taekn @k esdgedt hat, hhiesegeeliesnwer e not
termnally differentiated as evidenced by their continued expression of AFP
(Figure 2 & 3). Instead, these hepatocytes are likely to be devel opnentally
| ocat edExaemeptiese 10bet ween the end of the first trinester of foetal

enbr yonug:ndayel opnent and

hIPSC derivation and culture

25 Following appropriate ethical approval and patient consent, 8 mm skin
punch biopsies were obtained from volunteering patients attending
Bddenbrooke’s Hospital (Ethics ref number 08/H0311/201; R&D No: A091485).
Fibroblasts were derived from the donated tissue in GMP conditions using
standardised in house protocols and expanded in standard fibroblast

30 culture medium. Additional fibroblast samples were obtained from INSERM
(France) and the Coriell Biorepository. In total 5 different disease
samples from 7 different patients were obtained as detailed in Table 1.
Moloney murine leukemia virus-derived vectors each containing the coding
sequences of one of the four human genes, Oct-4, Sox2, c-Myc, and Kif4,

35 and the corresponding viral particles were generated by Vectalys

(Toulouse, France) and used to infect the fibroblasts at a multiple of



fully adult cells as displayed by their al-antitrypsin gene expression

| evel s and percentage of Al bum n expressing cells seen by FACs (Figure 1d).
15Li ver cowDl2s1geemsated in our culture system express hepatemyimomnmsker s
such as al bumn (ALB), a-l-antitrypsin (AAT), oCAPCF, TAT, TD02, TTR, HNF4a
and HHEX (Figure 4A). The expression of foetal markers, such as

al phaFet oprotein (AFP) and CYP3A7 was_al so mai nt ai ned thr oughout the

di fferentiation process while the expfession of the adult cytochrone
20CYP3A4 r enai ned relatively low (Figure 4A), suggesting that these cells
o eciiee 28Ry o K, {eRALOGNL 27 R0 LIt o] HohlEha T LALLON MO D
necessary °for genera i g “adlil't cel Tes®’ oBsarvations were confirmed by
i mmnosatSaWﬁlﬁqoarﬁPeFAGSd&ﬁaI%és 294hi @tres HovieddhfBg§ensse co-téxpredsi on of
ALB, CysItQK%ﬁ;t lh@scl%,ul%'lé a&chllé\lfs’na( Fikgos @ ud Brard, 4@} bcdiowever?, 'ﬂhﬁﬁ&lﬁel |'s
25a| so di sg functl onal 1 acte stl corgtfallnl atlgge}g aee%u ch.as: (i) ALB
and AAT“Ser¥® emSn Vi JUrEeaRsy’ SE Ef/pefAﬁ activity 't nddc By
dexametfeadene (Figure 4E), (iii) choI esterol up take and (iv) gI ycogen
storage (Figure 4F). 30Finally, we observe that this culture system was
appl i ed to a I ar es (920 hi ESC I | nes from 10 i ndividuals) and
only 2 HrPrSi 56 &t LEE2FAES |iver cells.

Col | ectherlyRNAtShew Ieemsﬁlcttsd denonstesas eort Hef fefrbh tiagnd yrobeniordefiined

35cul tune eendithonsyiorodbdad, ng; tiehf essnbhAl.l egcrpfsamlasces tiQeheR 42
honmpgenous gbe%ul ations of f oet al hepat| cells displ ?.%I sorre funcﬁl onal

charBct Eristies  spec PFRe (8 Flur e ﬁef)la‘{c%@t o raninat F SBdE ™ Rg of
i ver db seases ustaigRpatvaentespeeifriaosdriPSCsisial - S@anwmpyplsﬁ Regeafsieci ency

The val4di.ty. Qf .0ur Iappt&%aeh taegpcteIneleo\I%epys%e@eenl Readct 60 (wag) assessed
by investigating Wnet er the di sease SEGCIfI ¢ _hl PSC (dhl PSC derlved

hepat oc}R¥ES I Nere*HIeE YU er BPTRACAE 6 K 85° T8 tar §§“%1fle<h%r°& §8Hs S8 Y S/ whi ch
t hey wer®adder) vedn Meéafirest af oalsSed omiaheemntnd rcypséc adef4°ci &t 38hl PSCs.
10Pfsev'9é%:%n§§ Hes ft;@vseo showst ha% the Z.Akbel& f@UIA2Lya) Eesuklsin the

formation o ered yners of al-antitrypsin t that are retalned within
the ER TW]‘SlOFhéEe“p%IWeF% méBB’EFrﬁJlaé’E%t \ﬁPT“FﬁeﬁlﬁYeﬁ’ét OLYYESSS pFETEposi ng t he
honozygedgeh@naonateakr hepatlidewdercilibhoRes]-tand t@patogebhsllvarecar ci noma

[18]. This, pr@éch\a@ynﬁ ragggér{]rmp ddapppﬂamsﬁasa&;aoqnl SrGeNLial Ji5to the

clinical | phenot erefore used ymer specific

nonoc| oreimedhtdchbely o BRIt én eRSe B2 TFE P §ATE FEC RN ﬂﬁlWe Fa’&entril?rﬁfgﬁnda&éfl ci ent
dhl RSC gey byéﬂenhle@&isotiyé efan RO yYABdes inesendette eked ibyn t amana osdtrar bang
(Figure, 8 LI.SA (Figure 10) an e hat

accumnul arf |13n ofsl%x?(?é:ﬁlt? rgoypg‘iynt%e r?Qarrr)er ?%‘% §u§-§§u€o§eg@%1ﬁ%ﬁ9‘g§% 20deri ved
hepat ocytegses Grei Hdite dipaltse vﬁa ke a?It &bt i*Pfypsi n deficiency. No pol yners
were present in hlPSC derived hepatocytes fromcontrol subjects. The

cel | ul af I ocgi jzat |e%%eof t he pol yners was confirmed by subcel | ul ar

fracti ells foll owed by digestion with endogl ycosi dase H

( Fi ur enIPSCsaor ehgimmel fffireht FairovesdRo L iqfiete iyl YE5Ts fohat B e1t8EidY in the

40C in 4% paraformaldehyde and then washed three times in PBS. Cells were

incubated for 20 minutes at room temperature in PBS containing 10% donkey
serum (Serotec Ltd.) and subsequently incubated overnight at 4oC with
primary antibody diluted in 1% donkey serum in PBS as follows: Oct-4

30 (1:100; Abcam abl8976 [Cambridge, U.K.] Sox2 (1:100; Abcam abl5830),

Brachyury (1:100; Abcam ab20680 or R&D Systems Inc.), Soxl7 (R&D Systems
Inc.), FoxA2 (1:50; Abcam ab5074), GATA4 (1:250; Santa Cruz Biotechnology
Inc.), GATA6 (1:200; Abcam ab22600 or Santa Cruz Biotechnology Inc.),

CXCR4 (1:100; R&D Systems Inc. or BD Pharmingen), CK18 (1:50, Dako) CK19
35 (1:50, Dako), Albumin (1:100; R&D1455 ), Alpha Fetoprotein (1:300, Dako
A008 ), ol-antitrypsin (1:100, Sigma A0608) Cells were then washed three



25hi gh mannose ER form but does not affect oligosaccharide chains after the
addition of sialic acid in the Gol gi apparatus. Endogl ycosi dase H treat nent
reduced awbmmersl | ul ar al -antitrypsin in the patient pepasB2himonrs not
control hlPSC derived hepatocytes to a single 3050-kDa band denonstrating
that all such intracellular al-antitrypsin was retained within the ER

| nportantly, the observed increase in polyner was consistent between three
different hIPSC |ines taken fromthe 3ane patient but varied between hl PSC
i nes taken from di fferent patients. Thi S phenotypi c variability could
correlate with I seas &atug Ilp |erntS aQIgI tsh S. coul dt reflect a
cli ni cai*"f&atura® 051‘n hn“’u 438" I—eloevev PeVEF o SsoT yITEr expr essi on
was obsamyedhteq MQS@OLIlqenésG wsgrd@ﬂlve@hﬁrbrﬂw ATDopéW@mtséquh}rcﬁBﬁ/ére
al so Eai;rt Itrgwlaer &yc r %%eﬁgoaniagoqae@lquggfnaqmler @@t llatm@nn Ibe1-0f afRm
vari abi | i

sease p C}/ bser veﬁ (pq |§ mai nl ¥ gef | ects the
capaci t¥ 8¥ )hlol58€%att 6g%cﬁiaéVe “ef”?‘?oct 5P hépat it8 éreﬁﬁ“ajt”i 6R>) 5°Final Iy
t 0o iSnvekthiogat extt h@onp@ermﬁrlaadlreappm@atllmoo@anyhlastl@@ldlf Yasneefyedflut ure in

vitro drig.Sel-8eni Nd-ue. assessedsifie.ef fa‘é@&& of - addi; pg: thsy prsqgﬁ@sowe
i nhi bi t or (NGlBZa to the nmedj um over n| ht. Bl ockbcge of this 1 nportant

pr ot ei dégFHdat ﬁ)OBét HRay ! et ¥a acfﬁ%a?sél% (?P?f’cflfoftrﬁlf]a%%qlpﬁl ar

i ncr easeodrnn-adipantdrter: yesi; NBEDIPYAes B3 /663 guretxb@en .- OFakeh twegetdrdr t hese
results denonstrate that dhl PSC-derived hepatocytes are capabl e of

nodel | i ng key pat hol ogi cal feature of al-antitrypsin deficiency in vitro
andlorrayz%ﬂi.&@“i@ove useful for future drug screening assays. 15In vitro
nodel | i mpsof wdreefardies eas esciusiingl pativentiaspec pble hbPSEsantdEam ] isak
Hypefch;gg g%&gxace'e%%a £91£0REL M Lhe abi Ld kY 0f naur LUl Ure systemd o model

clinic Isease, and to Investigate its potential for studylng di sease
pr ocess&eveg ferlicf B 167 HTHET 2 STEEEPI TN AL cBitGeo hE2CoReC CHBr atX¥r i sed t he
dhl PSC gemayed n205hepaho it esa frneamonre°d-ndic/i sumlrowh thunEaidyl, | al a 14-

Hypgs chol %tﬁg&' ﬁggntDﬁsfﬂcgcTh%% 'fz%&yan%ewt%tr bR srh'enmer 6d;c

functionin receptor resulting in an excess of F asma LDL and
pr emat u?fé?ratfk@doﬁﬁ%er[ i@)]dayah%rP‘SGh‘F’i 88 geRerst &85 T NFEhE U nditdi Y& with
FH wer epidickh eranti atradot miashepat agytkesadivspl@ybagpveypigeal if UII%CﬁdzL(HJIaIL

charact er isaEfela % l%ubgde,]‘)and 2d5¥\é§raLE\)E tt}{écggg ana!gy e%l Qérlep Egﬁ{o%@t i at ed

cells co | r me ence of Vi vo unct| onal
i mpl i catd oHsef- T $ipecepbdrergefiiad éndprieria aP%@aééhs?éF\t/é‘EPeldna’blﬁ“mnodel
as showbilhywédmynost akfimggand EAGS caeal 268t &1. A human origin of the

selected areas was verified by fluorescent in situ hybridization (human-
specific probes, CEP ¥Y; Vysis Inc.,Downers Grove, IL). The experiments
were performed with permission from the Regional Committee for Animal

Experimentation (Stockholm,Sweden; Dnr N107/06).

25
Karytotype analysis.
hIPSCs were grown to confluency on 10cm dishes then harvested and
metaphase spreads obtained by the Cambridge University Hospitals
Cytogenetics diagnostics laboratory.

30

Differentiation of hIPSCs to hepatocytes

hIPSCs were passaged using 5 mg/ml collagenase IV/dispase (0.1%, GIBCO)

1:1 (v/v) mix; then transferred onto plates pre-coated with fetal bovine

serum (FBS) in CDM-PVA or in plates pre-coated with human fibronectin as
35 previously described [16]. For the first following day, cells were grown

in CDM-PVA supplemented with CHIR9%021 (3 pM, Stemgent), Ly294002 (10 uM,



30denonstrati ng FH dhl PSCs derived hepatocytes had an inpaired ability to
incorporate LDL (Figure 12). These results denonstrate that dhl PSCs can
successf uwbyotm2seed to nodel FH and nay therefore be swectraiB2e:fioon27s

nodel | i ng ot her diseases involving transnenbrane protein trafficking and
receptor dysfunction. 44 In vitro nodelling of |iver diseases using
patient specific hlPSCs: dycogen Storage D sease type |la (GSD la)
Finally, we used our approach to modeP4a condition representative of

i nmpaired cyt osol ic netabolism GSD-la is caused by a deficiency in 5
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theyefore be applied to nodel other nore conmmon netabolic disorders. By
devel opi ng a si E’gl e chemcally defined culture systempermtting efficient
differ oty 'ghe nunerous hlPSC | ines towards cells of a 30mature hepatic
state, e Iaat/@:tdemmfsmmned gdra t radeklid)gaofeghoups 16fatdicseas@sodfthe
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Triton-X. Cells were then incubated for 40 minutes at 4oC with primary
mouse anti human Albumin antibody (R&D 1455; 1 in 100) or mouse IgG

25 isotype control (BD Pharmingen). Cells were then analyzed by a FACS
Calibur machine (BD Biosciences, San Jose, California, USA). Number of
albumin positive cells was recorded as the average from three separate

experiments.

30 Subcellular fractionation using iodixanol (OptiPrep Axis Shield 2010)

stepped gradient and EndoH digestion.

dhIPSC derived hepatocytes were grown in 6 well plates and harvested using
a cell scraper. Cells were then mechanically disrupted by repeated passage
over a ball bearing homogenizer. The cell suspension was centrifuged at

35 3000g for 5 minutes (4oc) and the supernatant diluted to a final

concentration of 35% OptiPrep and transferred to a new centrifuge tube.



5consi dering the nost common and wel | characterized di sorder from our group
of diseases, al-antitrypsin deficiency. Previous studies have denonstrated
t hat m sfwbdbmg2smnd entrapnent of the Z pol yners withi npChesERI/®1178€
under|yi ng nmechani smfor the clinical phenotype. [17] However the variation
in phenotype displayed between individuals with the same 10 genotype has
not yet been expl ained. Such variations may be due to different patient's
capacities to handl e misfol ded protei A3 [23] [24] [8] [9, 18] [7]. The
hepat ocyte specific quality control mechani sns responsi ble for processing
such protei ar w_bei ng, el,uc t [ h gsuch pat hway,
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protBedest Can Porant gf]lc;/tb%“ saFﬁEYZ@& W CRTEHSE ROVEl in vitro

cel | uI ar system Furthernore, our data al so provide indication that the

sane i nfgacetd ulary30RrPGESSES s Jbe accurately preserved despite the
hi ghly WT_T_WTTF%%%' Vi vo_reprogranm ng and .
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35r nf&r&,%téges&e@%t malionthat wgpmgﬁge@e%@& feehsQf oProLeLH

dysfunction I n hepatocytes are conserved wthin a patient specifi c manner
46 usi ngUBREPSCS. m?ﬂiblré?ef VMR iPepe | CaPE ngefherdr alék SF tH P el@pt ot FEdi at ed
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studi es 1 nto a broa iver relat recept or opat hi es
times for 5 mln w1th PBT, and then incubated with 1:100, OOO antl mouse

IgG-horseradish peroxidase antibody in PBT-milk for 1 h. The membrane was
washed a further six times for 5 min with PBT and 15 min in PBS before
25 developing using the ECL Super Signal West Femto maximum sensitivity

substrate (Pierce) and exposed to film.

Enzyme linked immunosorbant assay (ELISA) for ol-antitrypsin

High binding suxrface COSTAR 96-~well plates (Corning, NY, USA) were coated
30 overnight with affinity-purified rabbit polyclcnal antibodies against ol-
antitrypsin (Abcam 31657, Cambridge, UK) at 2 pg/ml in
carbonate/bicarbonate buffer (Na,CO3/NAHCO3,pH 9.5). After washing (0.8%
w/v NaCl, 0.05% v/v Tween 20), the plates were blocked for two hours in
blocking buffer (PBS, 0.25% w/v BSA,0.05% v/v Tween 20). Samples (culture
35 medium or cells lysed in 50 ul of Nonidet lysis buffer (150mM NaCl, 50mM
Tris-Cl, pH 7.5, 1% (v/v) Nonidet P-40), and standards (plasma purified M



10Correction of genetic defects in hlPSC derived hepatocytes W next
corrected a nutation in hlPSCs derived fromindividuals with al -
antitrypswo 2defazsizency (Al ATD) using piggyback transposeos/gBeusizoei7sal
(2011) PNAS USA 108 1531-1536; Wang et al (2008) 105 9290-9295). AIATD is
an aut osomal recessive disorder found in 1 out of 2000 individuals of 15
Nort h European descent and represents the nobst common inherited netabolic
di sease of the liver (Perlnmutter, D. Ré Cell Death Differ 16, 39-45
(2009); CGooptu, B. & Lomas, D. A Annu Rev Bi ochem 78, 147-176 (2009)). It
results froma sin i nt tat| t he Al AT_gene ( Z.all
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(Urnov, Rev Genet 11,  636- 646%?019}){() Hock nmeyer, D. et
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gener at | ng t0e, LTAR 1%%&%‘3%\/%' G oyl g 198 H&hbst ”cEP@roquQ{E%eE aldowi ng

pi ggyBac exci si on. Pur ormyci n-resi st ant PSC col oni es obtai ned after
co- el ect#Hdor At9HA ‘b‘? Piﬁl\?dé‘ﬁﬁr%hép% vect ors and the targeting vector were
screened for targeted clones by PCR Al ATD-hlPSC | ines derived from3

di fiéeremz@@tmn(teg Hehded L asted Ghonss (Taflle.4). Remarkably, 54% of

t he pur ne allele, while 4%
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supra) arresadi ect ed PPHe‘Pﬁltlé)OIFICR@J %Qeéclt”i GA. Culiﬁérgé‘r?@ﬂyfbe of the resulting
FI Akbresi stant col onies was anal yzed by FOR and confirmed by Southern blot.
Bi -al | el.i ¢ exgision, \a, lVlbcser ved in 11% of FI AU resistant colonies (Table
5). Sequ)énte—an—arl—y?es*gm#strat ed that the Z nutation was 15corrected on
bot h al F&t@d adid Ve hatesPRraMgpoRATUEST 18I b Py el tdeds T éfuefée as
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25 lumlnometer

Periodic acid Schiff (PAS) staining

PAS staining was carried out on cells in triplicate using a kit (Sigma
395B — 1KT) under the guidance of manufacturer’s instructions. Diastase
30 digestion was subsequently performed to confirm the positive staining was

due to presence of Glycogen.

Transmission electron microscopy (TEM)

Cells were rinsed briefly in 0.9% NaCl and fixed for 2 hours in 4%
35 glutaraldehyde at 4oC. Cells were then scraped from the plates under fix
and resuspended by rinsing in 0.1 M PIPES. Analysis was performed by TEM.



expressing markers of the three germlayers, denonstrating that genone
20nmodi fication did not alter the pluripotency of c-hlPSCs. W anal yzed the
genomi ¢ iwbegryay72ef the hl PSC | i nes using conparative @em@B2011/001275
hybridi zation (CGH). Two out of three Al ATD-hlIPSC primary lines differed
fromtheir parental fibroblasts, show ng anplifications or 25del etions
ranging from 20 kb to 1.3 M, |ncI udi n_g a gain of 20gqll.21, a frequently
anplified region in hESCs (Lefort, t al. Nat Biotechnol 26, 1364-1366
(2008); Spits, C et al. Nat Bi otechnol 26, 1361-1363 (2008)). Line A
retai ned:l a nor nElI) genone content conpared to its parental fibroblast.
Reassur%r—y—-we—%ound that after ZFN stinul ated 30targeting, four out of
si x horfey Boud-De| oresitmditneist ey etagehdmes Goaparted: Yo eheithepaysenit al

h1 PSC lifeger Pirkt £8R6- il tmaevmatnhfmtuau@ i 6s HQIYBRC EX® ShOryswer e

dwth th d 12 had d
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of Ibet elre@zyg@szlelsywnetmdDﬂoundortma@tJainl lﬂllq%sr%ahabﬁzedll{set ai ned

het erozygosity throughout their genome. This observation denonstrates that
bi-allelic gene correction was the result of 48 sinultaneous honol ogous
reconbi f | owed by simnultaneous excision at both alleles and that

M t ot i cCalésordyienatdrolueas watt thaVAHOredI{GTPt tHrng iproesss pEVEiseguenced
exones &E‘scﬂkﬁ‘eoc?![é]e%@de@m}@eoc%y|M&%o J.ts parental fibroblast.
Conparison of these exones identified rrut ations. The genesis of these
nmutati ons was determ ned by anal ysis of the primary hIPSC |ine and the
honozygoitsbyl takgeiredré o aredh at eagdmentiyafaupn poi nt nut ati ons and one
1-bp deﬁh%%gerbe%cgd deLeGI§ded Nk be RULIRLY ¢ f BSE {dune llnoggftmt QULe frut at i ons

arose during genetic corréection: one during targeti ng 2 hree duri ng
pi ggy Balt! BxetEio8h. DM?He%‘é’Pﬁﬁ‘Ped‘ttleSn‘%lt&pfi@éﬂe@lh’ctﬁm&??'sé %‘Urll ng cul ture since
thelr gﬁmmmﬁu go@RigURi BSs twepeoniyd CoNehst @t mdvihe ZeMuofAlvhatgetlsitres or

g'm”tﬂf%% oncgi}%e%rg %K?Hula]%gtﬁ% 16’6%»4‘3 8;%2![;‘8? Jhat the

co nat| on ggyBac al lows rap ean l1l5correction of a
poi nt NEMCAEF YL A hINPS?Zé\‘C\KFf%uPa%‘-’r“Féét |Dr?§m%1H<é| Pr BRSi €SioRarRcreri’stfes. To
confirm tnh@ﬁtid’éec@ﬁﬁell crozel rrewt vo hatvdtPSCs ingsttet Bokdsy ke (expeet ed
phenot ypi.c_cor L P r fler iQ Aoyitro

20hepat]gcl§/jtg IGlregg cyel Ft rbl Ecszrr\é?nihg}}] ieaf%g af %ect eél i\g Al pl!l{}l g%%saes Al ATD.
Di f f er ePft4 BePEHIcEErhe %rdﬁéb”teéd Rqveege dée&?qréata@ éii)é%?tréﬂmerdegfﬂllt“f?ng ina
nearo horgenals spopehat i@nNmofcdiepedreayt €l bk eeldrey Remae kadalkyni £LCGH

anal ysi s, of differentiated cell goénhomgrgd tmbﬁh"@? aticCo2agi fferentiation
nei t her 1 Ncreases: the nurber: of etic a ormaltles nor selectsfor cells
Wi t h ab#rsxmakclieat &t ypephth@afreésuéPlt% AHOTE EF P I§h af B oReP as per

manufacturer’s guidelines. cDNA was subjected to real-time quantitative

PCR on an ABI7900 detection system (Applied Biosystems, Foster City, CA)

25 using Tagman PCR Mastermix (Applied Biosystems) and gene-specific forward
and reverse primers and fluorogenic probes. All results were normalised to
human 3684 as a reference gene. Primers and probes for PEPCK
(Hs00159918 ml), G6P (Hs00609178 ml) and IGFBPl (Hs00426285 ml) were
purchased as premade stocks from Applied Biosystems. Oligonucleotides for

30 36B4 were designed in-house and synthesised by Sigma-Aldrich (Forward, 5'-
GCAGATCCGCATGTCCCTT-3’; Reverse, 5'-TGTTTTCCAGGTGCCCTCG-3’; Probe, 5'-
[JOEE]AGGCTGTGGTGCTGATG [TAMRA] -3 ) .

Correction of Z mutation in AlATD-hIPSCs

35 Al1ATD-hIPSCs are described above. 2 x 10° hIPSCs were co-transfected with

ZFN expression vectors and the donor template, and subjected to puromycin



functional attributes of their in vivo counterparts including glycogen
storage, LDL-chol esterol uptake, album n secretion and cytochronme P450
activity.worpydesns! y, i mmunofl uorescence and ELI SA bot Ircc@mB201mmt7she
30absence of nutant polyneric A AT in c-hl PSCs-derived hepatocyte-like
cells that instead efficiently secreted nornal

endogl ycosi dase-Hinsensitive nononeric AIAT (Fig. 19A-D). In addition,
secreted Al AT di spl ayed an enzymatic #hhibitory activity that was
conpar abl e to that obtained fromnornmal adult hepatocytes (Fig. 19E),
therebyl cat| t hat. ph 5|0I0|c 35r storation of enz nhi_hitory
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for at prarastd Fuweteks véFifged I8Hpoutkricheblpy 4Btlypbur formati on was det ected
in any mce. Therefore, c-hlPSCs-derived hepatocyte-like cells were able to
colonize the |i ver in vi vo and d| spl a functl onaI actl VI ties charact eristic
of thei L ERGRRASIES J&F gt : n pdef
1754- 1765n62810) I)\_ceCO| I ectl veI Y, these anaI yses dem)nst rat e that genetic
correction, of, LAe. %Otggytla T%a%otséLt'rtgdcdnaltw;tgtMﬂ@tmtaastwaggcmergf Al AT
in patient-derived experinmental evidence above denonstrates the
appl i caifrPYSA &Y Hen&PTE- tE8e roé‘cﬁPJd‘ﬁll PHRSAL PSR SPR O Fe TPEES  for
cel | - basadethemnapyy ahe AARD MAThervgenetgrécelantectii@ne wasifepeat Bd (A nore
clipcal L rehevat ealls Usisg, PRESNEsparlLiGal B chORL0LAMIRd ] T Om
fi brobl asts Wi iviral vectors, an integration-free nethod (Fusaki,
N, et &. ‘F"?%‘COH%oﬂbAE%”d/Se’Fa ~Phifd 267 o~ iege 8*?7 1348 BE2{RG09)JOUSA
pri mar ywudy BS&ilfiiped Wi tidelanaktdraetargeneme chyn Gold witabysiisanamatpsrect ed by
the nethod .25described ahqy The fi duc . e
corr 6ot S0 A RFSFadah Seberanb i MRt ks dish et e RO BDOL
and exp?@é?@edB@ﬁ@VnTaﬁboAPWFlB? ot éFﬁZEWhéhV?ﬁ FP%?@ﬁﬁlvﬁrédaQaéyﬁ%‘bé’tyocyt e-1ike
celd®d. ThisokBuickBEerdder \Sit}‘dﬁﬂfﬁ)ﬁﬁﬁﬁl&lrdlﬁn kol her gemer at Apnpeko) specific
mut ati on- c%r ecst e[glorp ti enéa e |m_tléc we?S%Ssea?’aos The . corrected i PSCs
effici enrttt Trer ent| i at e ?o epa ocy? Fike S&TT'S and engrafted into an
ani mal m)del for liver injury without tunmour formation. In addition, hlPSCs
deri vedRJquErgdi fferent patients were found to be effectively corrected,
denonsttating hat hi s net hod .cou be 35a d to_ a large nunber of
Al ATD- h{" lvec{éhﬁﬁatotcﬁgesolffﬁTIace%lff%teéjoPgtglcfl?%nwechu Odmgeéecar ried out in
| es%> thgypc@sﬂfnﬂihsgqugptqﬂgppO&gyhf¢ﬁgpr§g of the cellular pathology seen in

the associated diseases, such as aggregation of misfolded mutant «l-

antitrypsin in the endoplasmic reticulum, deficient LDL receptor-mediated
cholesterol uptake and elevated cellular lipid and glycogen accumulation.
These data demonstrate for the first time that hIPSCs can be used to model

30 a diverse range of inherited diseases in adult cells.

Generation of a hIPSC library from patients with inherited metabolic

diseases of the liver (IMDs)

Dermal fibroblasts were obtained from skin biopsies from seven individuals
35 with a range of IMDs and three healthy controls (20 hIPSC lines, 7

patients, 5 diseases - Table 1). These somatic cells were then



50 conpatible with | arge-scal e production of corrected patient-specific

hl PSCs not only for Al ATD but al so for other nonogenic disorders. In

concl usi omo 20ty@sesudy has advanced the hIPSC field i n peraBbiv@yss
5Firstly, denonstration of the possibility of nodelling different di seases
affecting adult cells using a single platformhas answered one of the npst
pressing questions in the hl PSC-di sease nodelling field. This realization
has accordingly allowed us to provide3& robust and easily reproducible
techni cal resource for potential application into diverse fields of
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15 All the hIPSCs expressed endogenous markers of pluripotency and were able
to differentiate into neurocectoderm, endoderm and mesoderm cells,
confirming that we were able to generate pluripotent stem cells from
somatic cells. Interestingly, none of the hIPSC lines lacked the ability
to differentiate into one specific germ layer showing the absence of

20 strong variability in the capacity of differentiation of the hIPSC lines
generated for this 'study. Furthermore, abnormal karyotype was only
observed in hIPSCs grown for long periods of time (passage 40) in
chemically defined conditions. This suggests that the culture system used
to expand hIPSCs can affect their genetic stability as had been described

25 for human Embryonic Stem Cells (hESCs) [14]. Therefore, only “early
passage” hIPSCs (<p30) were used for this study. The number of viral
integrations was variable between lines and patients reinforcing previous
studies showing that full reprogramming is not associated with a specific
pattern of viral integration [15].

30
Finally, ectopic expression of exogenous transgenes was rarely detected in
our hIPSCs lines demonstrating the efficiency of our viral vector to be
silenced in pluripotent stem cells. Collectively these results demonstrate
that the hIPSC lines generated for this study were fully reprogrammed and

35 thus represent a unique library of hIPSC lines derived from patients with

IMDs.
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different subjects) and individuals with ol-antitrypsin deficiency (n= 6;
10 3 different patients) were used to empirically screen a wide range of

culture conditions.

The resulting protocol is described in Figure 1. This three step protocol
follows the key stages of the natural pathway of hepatocyte development.

15 The first step consists of driving hIPSCs to endoderm cells expressing
Sox17, CXCR4, foxA2 and Hex, a specific marker of anterior definitive
endoderm from which the liver cells are generated (Figure 1lb and 1c) using
CDM-PVA medium supplemented with Activin, FGF2, BMP-4 and a PI3 Kinase
inhibitor. The resulting endoderm cells are then differentiated into

20 hepatic progenitors expressing AFP, CK18, CK19, HNF4, and HNF6 (Figure 2,
3) using Activin and B27 supplement.

Finally maturation in a CMRL/Hepatocyte culture medium mix supplemented
with hepatocyte growth factor (HGF) and oncostatin-M yielded hepatocyte-

25 like cells expressing both albumin and al-antitrypsin by day 25 (Figure 2,
3 and 4). FACS analyses showed that 80% of the cells generated in these
cuiture conditions expressed albumin (Figure 4) confirming the homogeneity
of the cell population generated with this approach. By day 25, the cells
showed a strong morphological resemblance to human hepatocytes, displaying

30 occasional binucleity (Figure 1), glycogen deposits & apical ~
microprotrusions (Figure 5), rough and smooth endoplasmic reticulum (ER)
and a prominent golgi body. In addition, the hIPSC derived hepatocytes
shared similar in vitro functional characteristics to native human
hepatocytes in that they were able to store glycogen & LDL, secrete

35 albumin, metabolize drugs via the CytP450 pathway (Fig. 6) and express GFP

protein under the control of the hepatocyte specific ApoARII promoter.
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Endogenous hOCT4 F : CCTCACTTCACTGCACTGTA R : CAGGITTTCTTTCCCTAGCT
Endogenous hKLF4 F : GGTCGGACCACCTCGCLICITACAC R CTCAGITGGGAACTTGACCA

Furthermore, the expression of exogenous reprogramming factors remained
suppressed in these cells confirming that the retroviral transgenes stay

silenced after differentiation.

5 Whilst these data provide considerable evidence showing relevant
functional characteristics of the liver cells generated in our culture
system, we acknowledge that these cells were not terminally differentiated
as evidenced by their continued expression of AFP (Figure 2 & 3). Instead,
these hepatocytes are likely to be developmentally located somewhere

10 between the end of the first trimester of foetal embryonic development and
fully adult cells as displayed by their ol-antitrypsin gene expression
levels and percentage of Albumin expressing cells seen by FACs (Figure

1d).

i5 Liver cells generated in our culture system express hepatocyte markers
such as albumin (BALB), o-l-antitrypsin (AAT), «APOF, TAT, TDO2, TTR, HNF4«
and HHEX (Figure 4A). The expression of foetal markers, such as alpha-
Fetoprotein (AFP) and CYP3A7 was also maintained throughout the
differentiation process while the expression of the adult cytochrome

20 CYP3A4 remained relatively low (Figure 4A), suggesting that these cells
represent foetal-like hepatocytes and that further maturation would be
necessary for generating adult cells. These observations were confirmed by
immunostaining and FACS analyses, which showed homogenous co-expression of
ALB, cytokeratin 18, AAT and AFP (Figure 4B and 4C). However, these cells

25 also displayed functional characteristic of hepatocytes such as: (i) ALB
and AAT secretion (Figure 4D), (ii) Cyp3A4 activity inducible by
dexamethasone (Figure 4E), (i1iii) cholesterol up take and (iv) glycogen

storage (Figure 4F).

30 Finally, we observe that this culture system was applied to a large number
of lines (20 hIPSC lines from 10 individuals) and only 2 hIPSC lines were

unable to differentiate intc liver cells.

Collectively, these results demonstrate the efficiency of our defined

35 culture conditions for driving differentiation of hIPSCs to near
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homogenous populations of foetal hepatic cells displaying some functional

characteristics specific to mature hepatocytes.

In vitro modelling of liver diseases using patient specific hIPSCs: ol-

5 antitrypsin deficiency

The validity of our approach to model liver disease in vitro was assessed
by investigating whether the disease specific hIPSC (dhIPSC) derived
hepatocytes were able to replicate key features of the diseases from which
they were derived. We first focussed on al-antitrypsin deficient dhIPSCs.
10 Previous studies have shown that the 2 allele (Glu342Lys) results in the
formation of ordered polymers of ol-antitrypsin that are retained within
the ER [17]. These polymers accumulate within hepatocytes, predisposing
the homozygote to neonatal hepatitis, cirrhosis, and hepatocellular
carcinoma (18]. This pathway of al-antitrypsin polymerisation is central
15 to the clinical phenotype [17]. We therefore used the 2Cl polymer specific
monoclonal antibody [30] to detect polymers within ol-antitrypsin
deficient dhIPSC derived hepatocytes. Polymers were detected by
immunostaining (Figure 8) and by ELISA (Figure 10) analyses. These data
show that accumulation of ol-antitrypsin polymers only occurred in dhIPSC
20 derived hepatocytes from individuals with al-antitrypsin deficiency. No
polymers were present in hIPSC derived hepatocytes from control subjects.
The cellular localization of the polymers was confirmed by subcellular
fractionation of the cells followed by digestion with endoglycosidase H
(Figure 9), an enzyme which removes N-linked glycans that are still in the
25 high mannose ER form but does not affect oligosaccharide chains after the

addition of sialic acid in the Golgi apparatus.

Endoglycosidase H treatment reduced all intracellular al-antitrypsin in
the patient specific but not control hIPSC derived hepatocytes to a single

30 50-kDa band demonstrating that all such intracellular ol-antitrypsin was
retained within the ER. Importantly, the observed increase in polymer was
consistent between three different hIPSC lines taken from the same patient
but varied between hIPSC lines taken from different patients. This
phenotypic variability could correlate with the disease status in the

35 patient and thus could reflect a clinical feature of this disease.

However, low level of polymer expression was observed in hIPSC lines
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derived from A1ATD patient 2 which were also particularly resistant to
endoderm differentiation. Therefore, variability in disease phenotype
observed in this study mainly reflects the capacity of hIPSCs to achieve

efficient hepatic differentiation.

Finally to investigate the potential application of this cell line for
future in vitro drug screening we assessed the effects of adding the
proteasome inhibitor (MG132) to the medium overnight. Blockage of this
important protein degradation pathway revealed a disease specific
intracellular increase in al-antitrypsin polymers (Figure 10). Taken
together these results demonstrate that dhIPSC-derived hepatocytes are
capable of modelling key pathological feature of al-antitrypsin deficiency

in vitro and may also prove useful for future drug screening assays.

In vitro modelling of liver diseases using patient specific hIPSCs:

Familial Hypercholesterolaemia

To confirm the ability of our culture system to model clinical disease,
and to investigate its potential for studying disease processes specific
to other subcellular locations, we characterised the dhIPSC derived
hepatocytes from one individual with Familial Hypercholesterolaemia (FH).
The primary defect in FH is impaired functioning of the LDL receptor
resulting in an excess of plasma LDL and premature atheromas [19). dhIPSC
lines generated from the individual with FH were differentiated into
hepatocytes displaying typical functional characteristics (Figure 11).
Western blot analysis of the differentiated cells confirmed the absence of

the LDL receptor.

The in vivo functional implications of this receptor deficiency were also
conserved in our model as shown by immunostaining and FACS analysis
demonstrating FH-dhIPSCs derived hepatocytes had an impaired ability to
incorporate LDL (Figure 12). These results demonstrate that dhIPSCs can
successfully be used to model FH and may therefore be suitable for
modelling other diseases involving transmembrane protein trafficking and

receptor dysfunction.
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In vitro modelling of liver diseases using patient specific hIPSCs:

Glycogen Storage Disease type la (GSD-1la)

Finally, we used our approach to model a condition representative of
impaired cytosolic metabolism. GSD-la is caused by a deficiency in

5 glucose-~6-phosphatase, the main enzyme catalyzing the hydrolysis of
glucose-6-phosphate to glucose and phosphate, the terminal steps in
gluconeogenesis and glycogenolysis. Individuals with GSD-la cannot
maintain glucose homeostasis and experience hyperlipidemia, lactic
acidosis, hyperuricemia, hypoglycemia, hepatomegaly, kidney enlargement

10 and growth retardation [20]. Three GSD-la lines derived from one subject
were differentiated and the resulting cells characterised for their

hepatocyte like nature (Figure 13).

Confirmation of the cellular disease phenotype was seen following Period
15 acid Schiff staining which revealed the GSDla dhIPSC derived hepatocytes
accumulated significantly greater amounts of intracellular glycogen
compared to control (Figure 14). In addition the same cells also
replicated other features of the disease such as excessive lipid
accumulation (Figure 15) and excessive production of lactic acid (Figure
20 17). Critically the cells exhibited induction of expression of three
canonical glucagon-responsive genes after glucagon stimulation (Figure 16)
[21] [22}. These results demonstrate not only that key cellular aspects of
GSDla can be modelled in vitro, but also that the hepatocytes generated in
our culture system display at least some responsiveness to a key hormone
25 of intermediary metabolism, suggesting our approach could therefore be

applied to model other more commeon metabolic disorders.

By developing a simple chemically defined culture system permitting
efficient differentiation of numerocus hIPSC lines towards cells of a

30 mature hepatic state, we have demonstrated the modelling of groups of
diseases of non-neuronal origin whose phenotypes are a consequence of
complex protein dysregulation within adult cells. The three diseases we
modelled encompass a diverse range of pathological mechanisms from protein
misfolding in the ER, to cell surface receptor dysfunction and finally

35 obstruction of cytosolic metabolism, thereby demonstrating the potentially
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wide applications for exploitation of this new platform into other

research areas.

The potential of our modelling system is best exemplified by first

5 considering the most common and well characterized disorder from our group
of diseases, ol-antitrypsin deficiency. Previous studies have demonstrated
that misfolding and entrapment of the Z polymers within the ER is the
underlying mechanism for the clinical phenotype. {17] However the
variation in phenotype displayed between individuals with the same

10 genotype has not yet been explained. Such variations may be due to
different patient’s capacities to handle misfolded proteins [23] [24] [8]
{9, 18] [7]. The hepatocyte specific quality control mechanisms
responsible for processing such proteins are now being elucidated [25,
26]. Although one such pathway, the proteosome, has an important role in

15 metabolising 2 al-antitrypsin in some hepatic [27] and extrahepatic
mammalian cell lines ([28] it can only approximate protein handling in the
proteosome of the human hepatocyte. Furthermore, despite our increased
understanding of the protein degradation pathway, it still remains unclear
how the accumulation of Z alantitrypsin causes cell death and liver

20 failure. In order to enhance our understanding of this and other related
mechanisms critical to the aeticlogy of similar protein misfolding
disorders, elucidation of the protein degradation pathways specific to
human hepatocytes is a crucial next stage of investigation. By generating
patient specific hIPSC derived hepatocytes capable of conserving core

25 elements of disease specific protein polymerisation and ER entrapment, we
show here that such subtle intracellular processes can potentially be

studied with this novel in vitro cellular system.

Furthermore, our data also provide indication that the same intracellular
30 processes may be accurately preserved despite the highly stressful
implications that ex vivo reprogramming and differentiation protocols may

have exerted upon the cells. [8, 24].

The two other diseases subsequently assessed with our modelling system
35 reinforced the demonstration that downstream effects of protein

dysfunction in hepatocytes are conserved within a patient specific manner
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using dhIPSCs. Firstly by replicating the lack of LDL receptor mediated
uptake of LDL lipid into hepatocytes we successfully established a new
cell model for Familial Hypercholesterolemia. The FH model illustrates how
this platform is uniquely equipped to provide a holistic impression of the
5 hepatocyte specific native processes governing receptor dysfunction, from
nuclear synthesis to trafficking through the ER and ultimately recycling
at the cell membrane. This platform may be well suited for further follow

up studies into a broad range of liver related receptoropathies.

10 Correction of genetic defects in hIPSC derived hepatocytes

We next corrected a mutation in hIPSCs derived from individuals with «l-
antitrypsin deficiency (A1ATD) using piggyback transposons (Yusa et al
(2011) PNAS USA 108 1531-1536; Wang et al (2008) 105 9290-9295). AIATD is
an autosomal recessive disorder found in 1 out of 2000 individuals of

15 Neoxrth European descent and represents the most common inherited metabolic
disease of the liver (Perlmutter, D. H. Cell Death Differ 16, 39-45
{(2009); Gooptu, B. & Lomas, D. A. Annu Rev Biochem 78, 147-176 (2009)). It
results from a single point mutation in the AIAT gene (the Z allele;
Glu342Lys) that causes the protein to form ordered polymers within the

20 endoplasmic reticulum of hepatocytes. The resulting inclusions cause
cirrhosis, for which the only current therapy is liver transplantation.
The increasing shortage of donors and harmful effects of immunosuppressive
treatments impose major limitations on organ transplantation, making the
potential of hIPSC-based therapy highly attractive. We employed ZFN

25 technology, which stimulates gene targeting in hESCs as well as hIPSCs
(Urnov, F. D. et al. Nat Rev Genet 11, 636-646 (2010). Hockemeyer, D. et
al. Nat Biotechnol 27, 851-857 (2009); Zou, J. et al. Cell Stem Cell 5,
97~110 (2008)). ZFN pairs were designed to specifically cleave the site
of the Z mutation. A targeting vector was constructed from isogenic DNA

30 with piggyBac repeats flanking the PGK-purcAtk cassette. To minimize the
distance between the mutation and the piggyBac transposon, a CTG leucine
codon, 10 bp upstream of the mutation, was altered to a TTA leucine codon,
generating the TTAA sequence, which would be left in the genome following
piggyBac excision.

35
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Puromycin-resistant hIPSC colonies obtained after co-electroporation of
ZFN expression vectors and the targeting vector were screened for targeted
clones by PCR. AlATD-hIPSC lines derived from 3 different patients yielded
targeted clones (Table 4). Remarkably, 54% of the puromycin-resistant

5 colonies were targeted on one allele, while 4% were the result of

simultaneous targeting of both alleles.

To remove the piggyBac-flanked selection cassette from these modified
clones, we transiently transfected two homozygously targeted clones (B-16
10 and C-G4) with a hyperactive form of the piggyBac transposase (Yusa et al
(2011) supra) and subjected them to FIAU selection. The genotype of the
resulting FIAU-resistant colonies was analyzed by PCR and confirmed by
Southern blot. Bi-allelic excision was observed in 11% of FIAU-resistant
colonies (Table 5). Sequence analyses demonstrated that the Z mutation was
15 corrected on both alleles and that transposon excision yielded a TTAA
sequence as initially planned. The resulting corrected A1ATD-hIPSC (c-
hIPSC) lines maintained the expression of pluripotency markers for more
than 20 passages and their abilities to differentiate into cells
expressing markers of the three germ layers, demonstrating that genome

20 modification did not alter the pluripotency of c-hIPSCs.

We analyzed the genomic integrity of the hIPSC lines using comparative
genomic hybridization (CGH). Two out of three AI1ATD-hIPSC primary lines
differed from their parental fibroblasts, showing amplifications or

25 deletions ranging from 20 kb to 1.3 Mb, including a gain of 20q11.21, a
frequently amplified region in hESCs (Lefort, N. et al. Nat Biotechnol 26,
1364~1366 (2008); Spits, C. et al. Nat Biotechnol 26, 1361-1363 (2008)).
Line A retained a normal genome content compared to its parental
fibroblast. Reassuringly, we found that after ZFN stimulated

30 targeting, four out of six homozygous clones had unaltered genomes
compared to their parental hIPSC lines. Sixteen cell lines with bi-allelic
piggyBac excision were compared with their corresponding primary hIPSCs
and 12 had unaltered genomes. We alsc analyzed the hIPSC lines by SNP
arrays to check for loss of heterozygosity and found that all lines

35 analyzed retained heterozygosity throughout their genome. This observation

demonstrates that bi-allelic gene correction was the result of
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simultaneous homologous recombination followed by simultaneous excision at
both alleles and that mitotic recombination was not involved in this

process.

We sequenced exomes of the corrected B-16-C2 line and its parental
fibroblast. Comparison of these exomes identified 29 mutations. The
genesis of these mutations was determined by analysis of the primary hIPSC
line and the homozygously targeted intermediate. Twenty-four point
mutations and one l-bp deletion were detected in the primary hIPSC line
and four mutations arose during genetic correction: one during targeting
and three during piggyBac excision. These mutations appeared to arise
during culture since their genomic signatures were inconsistent with ZFN
off-target sites or piggyBac integration sites. Taken together, we
conclude that the combination of ZFNs with piggyBac allows rapid and clean
correction of a point mutation in hIPSCs without affecting their basic

characteristics.

To confirm that the genetic correction of hIPSCs resulted in the expected
phenotypic correction, hIPSCs were differentiated in vitro into
hepatocyte-like cells, the main cell type affected by the disease AIATD.
Differentiation of the corrected lines occurred as expected, resulting in

a near homogenous population of hepatocyte-like cells.

Remarkably, CGH analysis of differentiated cells showed that hepatic
differentiation neither increases the number of genetic abnormalities nor
selects for cells with abnormal karyotype. The resulting cells shared key
functional attributes of their in vivo counterparts including glycogen
storage, LDL-cholesterol uptake, albumin secretion and cytochrome P450
activity. Importantly, immunofluorescence and ELISA both confirmed the
absence of mutant polymeric AlAT in c-hIPSCs-derived hepatocyte-like cells
that instead efficiently secreted normal endoglycosidase-H-insensitive
monomeric AlAT (Fig. 19A-D). In addition, secreted AlAT displayed an
enzymatic inhibitory activity that was comparable to that obtained from
normal adult hepatocytes (Fig. 19E), thereby indicating that physiological

restoration of enzyme inhibitory activity could be achieved.
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Finally, the in vivo function of c-hIPSCs-derived hepatocyte-like cells
(B-C16-2 line) was assessed following transplantation into the liver of
Alb-uPA+/+;Rag2-/-;I12rg-/- mice via intrasplenic injection. Livers
harvested 14 days after injection were found to be colonized by human

5 cells identified using antibodies specific to human albumin and AlAT (Fig.
19F, G). These human hepatocyte-like cells were distributed throughout the
liver lobes and were seen to be integrated into the existing mouse
parenchyma (Fig. 19F, G). In addition, human albumin was detected in the
serum of transplanted animals for at least 5 weeks (Fig. 18H), while no

10 tumour formation was detected in any mice. Therefore, c-hIPSCs-derived
hepatocyte-like cells were able to colonize the liver in vivo and display
functional activities characteristic of their human ESC-derived
counterparts (Touboul, T. et al. Hepatology 51, 1754-1765 (2010)).
Collectively, these analyses demonstrate that genetic correction of the 2

15 mutation resulted in functional restoration of AlAT in patient~derived

cells.

The experimental evidence above demonstrates the applicability of genetic
correction in patient-specific iPSCs for cell-based therapy of AlATD.

20 The genetic correction was repeated in more clinically relevant cells
using patient-specific iPSCs reprogrammed from fibroblasts with
Sendaiviral vectors, an integration-free method (Fusaki, N., et al. Proc
Jon Acad Ser B Phys Biol Sci 85, 348-362 (2009)). A primary hIPSC line
with an intact genome by CGH analysis was corrected by the method

25 described above. The final product, iPSC-3-G5-A7, had the corrected AlAT,
had an intact genome compared to the parental fibroblast, and expressed
normal AlAT protein when differentiated to hepatocyte-like cells. This is
the first demonstration of the generation of mutation-corrected patient-
specific iPSCs.

30
The corrected iPSCs efficiently differentiated to hepatocyte-like cells
and engrafted into an animal model for liver injury without tumour
formation. In addition, hIPSCs derived from different patients were found
to be effectively corrected, demonstrating that this method could be

35 applied to a large number of AlATD-hIPSC lines. Since the bi-allelic

correction could be carried out in less than 4 months, our approach may be
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compatible with large~scale production of corrected patient-specific

hIPSCs not only for AlATD but also for other monogenic disorders.

In conclusion, this study has advanced the hIPSC field in several ways.
Firstly, demonstration of the possibility of modelling different diseases
affecting adult cells using a single platform has answered one of the most
pressing questions in the hIPSC-disease modelling field. This realization
has accordingly allowed us to provide a robust and easily reproducible
technical resource for potential application into diverse fields of
research. Secondly by demonstrating hIPSC derived hepatocytes can be
generated from multiple patients of varied genetic and disease
backgrounds, our system is shown to be an efficient new methodology for
the early stage safety and therapeutic screening of liver targeted
compounds of potential relevance to the pharmaceutical industry. Finally
and perhaps most importantly, demonstrating the ability to homogenously
derive large numbers of patient specific hepatocytes from a group of
diseases ideal for cell based therapy, demonstrates that we have again
taken another significant step towards the provision of patient specific

hIPSC technology.
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Gene Sequence (5' to 3')
F : CCTCACTTCACTGCACTGTA
Exogenous hOCT4
R : TCCTGTCTTTAACAAATTGGACT
F : GATGAACTGACCAGGCACTA
Exogenous hKLF4
R: TCCTGTCTTTAACAAATTGGACT
F : CCCAGCAGACTTCACATGT
Exogenous hSOX2
R : TCCTGTCTTTAACAAATTGGACT
F: AAGAGGACTTGTTGCGGAAA
Exogenous hMYC
R: TCCTGTCTTTAACAAATTGGACT
F: CCTCACTTCACTGCACTGTA
Endogenous hOCT4
R : CAGGTTTTCTITCCCTAGCT
F : GGTCGGACCACCTCGCCTTACAC
Endogenous hKLF4
R: CTCAGTTGGGAACTTGACCA
F: ATGTCCCAGCACTACCAGAG
Endogenous hSOX2
R : GCACCCCTCLCATTTCCC
F: CTGAAGAGGACTTGTTGCGGAAAC
Endogenous hMYC
R : TCTCAAGACTCAGCCAAGGTTGTG
F: CATGAGTGTGGATCCAGCTTG
NANOG
R : CCTGAATAAGCAGATCCATGG
SOX17 F : CAGTGACGACCAGAGCCAGACC
R : CCACGACTTGCCCAGCATCTT
F: ACTCGCTCTCCTTCAACG
FOXA2
R : CCTGGTAGTAGGAGGTATCIGC
PBGD F : GGAGCCATGTCTGGTAACGG
R : CCACGCGAATCACTCTCATCT
HEX F : CACCCGACGCCCTTTTACAT
R : GAAGGCTGGATGGATCGGC
AEP F : AGAACCTGTCACAAGCTGTG
R : TGGTAGCCAGGTCAGCTAAA
F: CCTTTGGCACAATGAAGTGGGTAACC
ALBUMIN
R : GACAGCAAGCTGAGGATGTC
AAT F : AGACCCTTTGAAGTCAAGCGACC
R : CCATTGCTGAAGACCTTAGTGATGC
F: TGTGCCTGAGAACACCAGAG
CYP3A4
R : GTGGTGGAAATAGTCCCGTG
ADOAD F : GGAGAAGGTCAAGAGCCCAGAG
o
P R : AGCAAAGAGTGGGTAGGGACAG
LDLR F : GGGCGTGAAATTGCGCTGGACCGTC
R : TCACAGACGAACTGCCGAGAGATGC

Table 1



anal yzed Het! Hono. / Hem, b Flet. + additional integrations' Hono.

/ m
+ additional integrations ' Non-taneted ' A 84 45 3 23 8 5 B 18 10 2 3

Her
30

Table 2

C' 216 WO 2012/025725 PCT/GB2011/001275
53

COMPONENT /L
INORGANIC SALTS
Ca(NO;)yle;O 0.1
MgSOg4 (anhyd) 0.04884
KCl 0.4
NaHCO; 2.0
NaCl 6.0
NaHPO, (Anhyd) 0.8
AMINOQ ACIDS
L-Arginine (free base) 0.2
L-Asparagine (anhyd) 0.05
L-Asparfic Acid 0.02
L-Cystine*2HCI 0.0652
L-Glutanuc Acid 0.02
L-Glutamine 0.3
Glycine 0.01
L-Histidine (free base) 0.015
Hydroxy-L-Proline 0.02
L-Isoleucine 0.05
L-Leucine 0.05
L-Lysine<HCI 0.04
L-Methionine 0.015
L-Phenylalanine 0.015
L-Proline 0.02
L-Serine 0.03
L-Threonine 0.02
L-Tryptophan 0.005
L-Tyrosine*2Na*2H,0 0.02883
L-Valine 0.02
VITAMINS
D-Biotin 0.0002
Choline Chloride 0.003
Folic Acid 0.001
myo-Inositol 0.035
Niacmanude 0.001
p-Amino Benzoic Acid 0.001
D-Pantothemc Acid*%Ca 0.00025
Pyiidoxine<HCI 0.001
Riboflavin 0.0002
Thiamine*HCl 0.001
Vitanun B-12 0.000005
OTHER
D-Glucose 2.0
Glutathione (rectuced) 0.001
HEPES —
Phenol Red*Na 0.0053
ADD
NaHCO; _



112 9 52 21 22 Mean frequency M 54 6 23 12 5 a Het.,
cl ones honobzygous or

for PB allele.

b Hono./Hem .,

hem zygous for

cl ones het erozygous

PB

al | el e. Gebl2s12i25T250ne targeted allele and del eti on of the/ca2baveoad7sel e are
undi stingui shable fromcorrectly targeted honbozygous cl ones by PCR Such

cells are designated as hem zygotes.

Vect or backbone integration was

anal yzed by PCR d Cl ones showi ng incorrect PCR bands are included. e A sum

of 2 independent experinents.
re-inteorationBi-alelic excision Ye/
anal yzed No. of clonescjmsgggpcy M No. of clones Fr@gpency EN 8-16 88 15

17

L-Alanine

L-Arginine
L-Aspartic Acid
L-CysteinesHCl- H;0
L-Cystine
L-Glutamic Acid
L-Glutamine

Glycine

L-Histidine HCls H,O
Trans-4-Hydroxy-L-Proline
L-Isoleucine
L-Leucine
L-LysinesHCI
L-Methionine
L-Phenylalanine
L-Proline

L-Serine
L-Threonine
L-Tryptophan
L-Tyrosine

L-Valine

L-Ascorbic Acid
PABA

D-Biotin

Choline Chloride
Coenzyme A-Na
Cocarboxylase
2'-Deoxyadenosine
2'-Deoxyguanosine
2'-Deoxycytidine+HCI

Flavin Aadenine Dinucleotide-2Na
Folic Acid

myo-inositol
5-Methyldeoxycytidine

B-NAD

B-NADP-Na

Niacinamide

Nicotinic Acid

D-Pantothenic Acid [hemicalcium}
Pyridoxal-HC}

Pyridoxine-HClI

Riboflavin

Thiamine-HCI

Thymidine
Uridine-5-Triphosphate-Na
Calcium Chloride [Anhydrous)
Magnesium Sulfate [Anhydrous]
Potassium Chloride

Sadium Acetate [Anhydrous]
Sodium Chloride

Sodium Phosphate Monobasic [Anhydrous)
D-Glucose

Pheno! Red+Na

Glutathione

D-Glucuronic Acid-Na

Cholesterol

Tween 80

Table 3

Tabl e 45&i -allelic excision vdo
re-integration Cel

0.025
0.05787
0.03
0.26
0.02
0.075
0.1
0.05
0.02
0.01
0.02
0.06
0.07
0.015
0.025
0.04
0.025
0.03
0.01
0.04
0.025
0.05
0.00005
0.00001
0.0005
0.0025
0.001
0.01
0.01
0.0116

0.0001086

0.00001
0.00005
0.0001
0.007
0.001

0.000025
0.000025

0.00001

0.000025
0.000025

0.00001
0.00001
0.01
0.001

i ne d ones
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1. A nethod for

Mean frequency ($61 11 29 Table 5 56 d ai ns:
i nduci ng hepatic differentiation conprising;
a popul atworrofo2seduced pl uri potent stem (i PS) cells,

(i) providing
5¢cir)cRuitaenti7ag t he

popul ation in a endoderm induction mediumto produce a popul ati on of

anterior definitive endoderm (ADE) cells,

i nduction nediumis a chemcally defined nmedi um which has fibroblast growth
factor activity and which stinul ates 3kAD2 and SMAO3 nedi ated signalling
pat hways and SMAD1, SMAD5 and SMAD9 10 nedi ated signalling pathways and
3-kinase (PI3K) and gl ycogen synt hase ki nase

i nhi bits phosphati dylinositol
33 (GSK3) 3); and,

Clones Homo. / Het. + Homo. / Hemi. +
ATATDHPSC line analyzed Het® Hemi. ® additional integrations ¢ additional integrations ©  Non-targeted *
A 84 45 3 23 a8 S
B 18 10 2 3 3 0
ce* 216 112 9 52 21 22
Mean frequency [%] 54 [ 23 12 5

* Het., clones heterozygous for PB allele. ® Homo./Hemi., clones homozygous or hemizygous

for PB allele. Cells with one targeted allele and deletion of the other allele are

undistinguishable from correctly targeted homozygous clones by PCR. Such cells are

designated as hemizygotes. © Vector backbone integration was analyzed by PCR. ¢ Clones

showing incorrect PCR bands are included. ® A sum of 2 independent experiments.

Table 4

Bi-alielic excision v/o re-integration

Bi-alelic excision wy re-infegration

Celline  Clones analyzed No. of clones Frequenty [%} No. of dones Frequency [%]
B-16 a8 15 17 33 38
C-G4 94 g 5 19 20

Wean frequency {%] 11 29

Table 5

wherein the endoderm



(iii) culturing the population of ADE cells in a hepatic induction nedium
to produce a popul ati on of hepatic progenitor cells, wher ei n
t he hepatwo 2ordizst2son nmedi umis a chenmically defined nedcwrceRbrdnocivs
stinmul ates SMAD2 and SMAD3 nedi ated signal ling pathways. 2. A nethod
according to claim1 wherein the endoderm i nduction nedi um conprises

fi broblast growh factor 203. A nethod according to claim1 or claim?2
wher ei n the endoder m i nducti on nmedi unPéonprises a first TGFP |igand which
stinul ates SMAD2 and SMAD3 nedi ated signalling pathways. 4. A method
accordipng.to claim3 wherein the first TGp ligand is 25activin. 5. A
nmet hod accordlng to any one of the preceding clains wherein the endoderm
i nducti on medi um conprises a second TGFP |igand which stinul ates SMADL,

SVADS and SMARR:R&disat ediask Hzéé'lﬂcp@i[ﬂi\é@é'r&laggon @omgﬁﬂ%@ﬁ@ocj according to
claimb wher§ n_the second T
i

e_morphogeni ¢ prot ei
met hod accor di'nB*¢'6%ahy “oR%1 tf?‘fé%gr e’bc!él& %goqélfﬁomsenvm&e& hl%ﬁ e:'Ilgehdoderm
i nducti on medilunrelonpiis e epoPh Bi lionhihiat erdaiedm al nG8KBRN| nddifpint or . WO

2012/ 02%7 PCT{ GBROLLA 9910%7§né7n§r%e@smqea&co%edfnmgAb@ ckaidn 7 wherein the
PI 3K inhibitor is LY294002. 59. A net hod accordi nqﬁ‘ laim7 or ¢laim8

wherei n the GSK3pFARI bt Bre PeieH RodtFE1on medign ﬁBHcaé&éo‘?ecﬁ At to any
one of mtdvEupreceti myp cianamdasherevth tthetdrepativd ti rchdicvhiom medivdatconpri ses

afir stsJA@EPaAd gaRek wWalcht 5t i mabat 63 10314902 aneaMADR B dL.af edasd gnal | i ng
pathwa 11. A nethod according to claim210 wherein the first TGP |i gand

is Be tl’{ﬁ%ati‘éfégﬁa%f‘ﬂd&ft&%ﬁr Gf‘ﬁgmf“bb’atr?y BHEPEP e i prEceti NG e SEi ns

wher ei n(B13@p and glycogen synthase kinase 3B (GSK3B); and,
(iii) culturing the population of ADE cells in a hepatic induction
medium to produce a population of hepatic progenitor cells,
wherein the hepatic induction medium is a chemically defined medium

15 which stimulates SMAD2 and SMAD3 mediated signalling pathways.

2. A method according to claim 1 wherein the endoderm induction medium

comprises fibroblast growth factor

20 3. A method according to claim 1 or claim 2 wherein the endoderm
induction medium comprises a first TGFP ligand which stimulates SMAD2 and

SMAD3 mediated signalling pathways.

4. A method according to claim 3 wherein the first TGFR ligand is

25 activin.

5. A method according to any one of the preceding claims wherein the
endoderm induction medium comprises a second TGFB ligand which stimulates
SMAD1, SMADS and SMADY mediated signalling pathways.

30
6. A method according to claim 5 wherein the second TGFB ligand is bone

morphogenic protein.

7. A method according to any one of the preceding claims wherein the
35 endoderm induction medium comprises a PI3K inhibitor and a GSK3

inhibitor.



(ii1) conprises: (a) culturing the population of iPSCs in said
endoder m i nducti on medi um (b) further culturing the

popul at i omoi2n12re72endoder m i nducti on 20nmedi um | acki ng GBK3F;B20hidoid7er ; and,
(c) further culturing the population in ADE induction nmedi um which

stinmul ates SMAD2 and SMAD3 signal |l i ng pat hways and whi ch has fi brobl ast
growh factor activity to produce the ?opulation of anterior definitive
endoderm (ADE) cells. 25 13. A nmethod’according to claim 12 wherein the
ADE i nduction medi um conprises fibroblast growh factor 14. A met hod
according to claim12 or claim 13 wherein the AE induction 30 medi um
conprises a first TGFP |igand which stinulates SMAD2 and SMAD3 nedi at ed

si gnal | Bng patEnags accaBiing, frechodh dcdmrdingheoP Bikaimid tahesein the first
TGFp |igandops. activin., 58 16. A nethod according to any one of clains 12
to 15 wherein the population is cultured for 24 hours in each of steps a)
toc). 17. A nethod according to any one of the preceding clains further
5conpri 8i ng;2 method acgendipgl turcianign fTher popim 8t Fotredh Hep&BFY prbidanPt or
cells ipsaghepathc maturation nediumto produce a popul ation of

hepat ocytes. 18. A nethod according to claim 17 wherein the popul ati on of
hepati c 10progenitor cells is cultured for 10 to 20 days to produce the
popul at ton of rhaeped ecyemEng to 38y ohenef hod meceddionglaigschameid7ther cl ai m

18 CONMPhi iR ﬁ%h@ttlrsnninmuﬁnh@o@rrggégctal on Qf r@d by angd @ s@lmantdd rypsin
i@g %#E#Iatlon of 15hepat ocyte 20. A nmethod according to any of
cla

0?1 S{ih’t &Pt HeY & léﬁﬁ%B?“ﬁ?Vﬁ popul ati on of hepatocytes

express al bumi n and/or al-antitrypsin. 2021. A nethod according to any of

claims i1y to, %Qtﬁ&HTBEbéﬂdlg @E‘Qimgot»th%rQBP%@tflq@tofef@el?ﬁ}ang psogeni tor
cells or hepatocytes. % met hod according to any of clains 17 to 21

conprls?ﬁﬁ”’ﬁiturlng or nalntalnlng t he popul ati on of hepatic progenitor
cell s or hepatocytes.

15 12. A method according to any one of the preceding claims wherein step
(ii) comprises:

(a) culturing the population of iPSCs in said endoderm induction
medium,

(b) further culturing the population in the endoderm induction

20 medium lacking GSK3B inhibitor; and,

(c) further culturing the population in ADE induction medium which
stimulates SMAD2 and SMAD3 signalling pathways and which has fibroblast
growth factor activity to produce the population of anterior definitive
endoderm (ADE) cells.

25
13. A method according to claim 12 wherein the ADE induction medium

comprises fibroblast growth factor

14. A method according to claim 12 or claim 13 wherein the AE induction
30 medium comprises a first TGFf ligand which stimulates SMAD2 and SMAD3
mediated signalling pathways.

15. A method according to claim 14 wherein the first TGFB ligand is
activin.
35



25 23. A nethod according to any of clains 17 to 22 conprising storing the
popul ati on of hepatic progenitor cells or hepatocytes. 24. A nethod
accor di ngvoeoemesnse of the preceding claims conpri si ngP8@asBroKi/coge75he
popul ati on of hepatic progenitor cells or hepatocytes with a
pharmaceutically acceptable excipient. 25. A nmethod according to any one
of the preceding clains wherein the i PS cells are human i PS cells. 59 26.
A met hod according to any one of the p¥feceding clains wherein said i PS
cell s have been passaged 30 times or less. 27. A nethod according to any
one of e preceding clains wherein t i PS cells.are deri from
fi brobl %g;‘t s oﬁf%oﬁegc?orrgﬁ{l%ﬁ:oi A \(/Dinﬁucgﬁe??a%. (E% tr?e%%owgleé%%no\régigng to any one
of the gpretediongic|cal meraghéeri’d tdvasi RS sgeh | arersderitred) from cel | s
obt ained from an individual with damaged or dysfunctional |iver tissue and
the hepgfocytes in the popul ation 10di ay a normal. phenptype. 29. A
met hod HccordPRY Fo® %M 2 g whst &R %fs}%F?/e‘orl‘”ea‘i3 e s%laggléo%% ed genetic
mut &t | orrrerigiepect in the i PS cells is corrected, such that said
hepat ocyt es di,$playua ROk AR PRENALYPEE ndPati30prAcABidIodeACORAI Ng tO claim
29 wherein the liver disease Is an inherited net abogl c disorder. 31. A
met hod HEF@SFUiMRGUTE 6P d19HH3D WnBF 1975t he PP T OB el e bERY FY bt he 20gr oup
consisting of Alpha 1 Antitrypsin deficiency, a dycogen Storage Di sease,
Fam | i alg Hypeneholestareh ey, cHenedh takye Ty 9si RAgMd.on 4 glsseNaj j ar
syndronme, ornithtine transcarbanyl ase deficiency, factor |X deficiency,
aetbeHFiSHET DSTE S WA SbrP s Foli oAbk, | Opibi - BRSPS hEh O, PIPRATT 1ok
anyl oi deSihspaanrdt&ef sum s di sease. 25 32. A nethod according to claim29
wherein the genetic nutation or defect is a 3 u342Lys nutation in Al AT and
the liver disease is alpha 1 antit rX;é)si n deficiency. 3033. A nethod
accor di by t &* RGBT LA s 12 oL 2P WAkt E A® tWEPTESEef S at e der i ved
f rom cetiles poltuaic hed offr @rhuamnn | aadi/ vi dlakntiitthpdinl by emhedpgeasei@andft he
hepat ocp[gpec\%éﬂletshe popul ati on di splay a di sease phenotype. 34. A net hod
according to claim 33 wherein the liver disease is an 35inherited netabolic
di sorder.

20. A method according to any of claims 17 to 19 wherein at least 80% of

said population of hepatocytes express albumin and/or al-antitrypsin.

20 21. A method according to any of claims 17 to 20 comprising expanding

the population of hepatic progenitor cells or hepatocytes.

22. A method according to any of claims 17 to 21 comprising culturing or
maintaining the population of hepatic progenitor cells or hepatocytes.

25
23. A method according to any of claims 17 to 22 comprising storing the

population of hepatic progenitor cells or hepatocytes.

24, A method according to any one of the preceding claims comprising
30 adnixing the population of hepatic progenitor cells or hepatocytes with a

pharmaceutically acceptable excipient.

25. A method according to any one of the preceding claims wherein the
iPS cells are human iPS cells.

35



60 35. A nethod according to claim34 wherein the IMDis selected fromthe
group consisting of Alpha 1 Antitrypsin deficiency, a dycogen Storage

Di sease, weormizmb72slyper chol esterol emi a, Hereditary TyroscmasBroa/00Q7sgl er
Naj jar syndrone, ornithtine transcarbanyl ase deficiency, factor IX

5defici ency, haenochromatosis, WIson's di sease, Dubin-Johnson syndrone,
famlial anyloidosis, and Refsum s di sease. 36. A nethod according to
any one of clainms 33 to 35 conprising®8etecting or neasuring one or nore
di sease pat hol ogi es in the popul ation of 10Ohepatocytes. 37. A nethod
accordi to, 36 wher ei n t he dise pat hol ogi es .are det ect ed by
neasur i %g or (’:Pe?}éorgmaﬁf%rgd% e o ¥rorE ¢ f%ﬁe réefﬁdlaggrg P e Shte] A

pol yner i Satcebks hprotbeen F@ﬁﬁﬁ%ﬁéﬁttl{ﬂﬁst% 1ER- chol esterol upt ake; lipid
15and/ or gl ycogen accurul ati on; and | actic acid pr oducti on in said

popul at on of he tes t hod accordi ng ny one of clains
33 to 3 con‘}br EIIE)?I% ﬁ’jé(u,?ltr?ga’éy gfélﬁe(?’? ! rﬁf?%ﬁlg acfé‘lse‘& eyreh“ tRE

hepal ocyteseils the @pmlfabm ghbrerichts httagedd fhepat ooytiesdwilspl ay a
normal phenotype. 39. A population of isolated hepatic progenitors or
hepat ocyt es roduced rret hod accor di to any one of clains to 35 or
38, whefin 8@%%‘&‘8 ?n¥1€68t%fcyyggsprﬁfgﬁngyc?ﬁﬁ‘ﬁr‘ﬁhﬁrebrhe Stype. 25
40. A po&ﬁjlcatlﬁnrammemgrbrm cel & mbB9ider fuge annirdimetdrddwioth teregtedent of
the humpn QL @RicMBla109Wer 4dsue arPcPQHle%é;;Q@o@ﬁ%QrQ{ RPe tRpel A;8L40 for use
in a nethod of treatnment 30of a patient wth danmaged or dysfunctional
hepat i cdtiPs8y e nogmal B\hWMP%‘u on of hepatocytes produced by a nethod
according to any one of clainms 36 to 37, wherein said hepatocytes display a

di sease, phenotybe.s ,61.A43; A FRLA0Ys OfyelE8ALI NG, BALd.eDt. L h, @ gdanmged

or dysfunctional hepatic t| ssue conprisin adm nisterin

popul at PO EoF HéEPA Ve Gt el faedrdFify 1FD C(ﬂlgF mMS39°¥ i caRdi ﬁ&FVltd‘Ggl 5314 need
t her eof hefdatodykesUsisspoby aa popudlaphetvtgpeording to claim 39 in the

manif acture of a nedicanent for use in the treatnent of a patient with a

damaged or dysfunctional hepatic tissue. 1045. A nethod of screening a
cornaoun%P conbriesh qﬁ;accordlng to claim 29 wherein the liver disease is an

inherited metabolic disorder.

31. A method according to claim 30 wherein the IMD is selected from the
20 group consisting of Alpha 1 Antitrypsin deficiency, a Glycogen Storage
Disease, Familial Hypercholesterolemia, Hereditary Tyrosinaemia, Crigler
Najjar syndrome, ornithtine transcarbamylase deficiency, factor IX
deficiency, haemochromatosis, Wilson's disease, Dubin-Johnson syndrome,

familial amyloidosis, and Refsum’s disease.

25
32. A method according to claim 29 wherein the genetic mutation or
defect is a Glu342Lys mutation in AlAT and the liver disease is alpha 1
antitrypsin deficiency.

30 33. A method according to any one of claims 1 to 27 wherein the iPS$S

cells are derived from cells obtained from an individual with a liver

disease and the hepatocytes in the population display a disease phenotype.

34. A method according to claim 33 wherein the liver disease is an

35 inherited metabolic disorder.
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correcting a genetic mutation or defect in the hepatocytes in the

20 population, such that said hepatocytes display a normal phenotype.

39. A population of isolated hepatic progenitors or hepatocytes produced
by a method according to any one of claims 1 to 35 or 38, wherein said
progenitors or hepatocytes display a normal phenotype.

25
40. A population according to claim 39 for use in a method of treatment

of the human or animal body.

41. A population according to claim 40 for use in a method of treatment

30 of a patient with damaged or dysfunctional hepatic tissue.

42. A population of hepatocytes produced by a method according to any
one of claims 36 to 37, wherein said hepatocytes display a disease
phenotype.

35



20functions are selected fromdetoxification, glycogen storage, secretion
of AAT or al bum n, bile production, thronbopoietin production,

angi ot enswoaegem2pneduct i on, conversi on of anmmoni a to ur ear/gBr0iE®IEEOl

synt hesi s, glycogenol ysis, glycogenesis and |ipogenesis. 2555. A nethod
according to any one of clains 53 to 54 wherein an increase in the ability
of the hepatocytes to performone or nore hepatocyte functions in the
presence, relative to the absence of fést conpound is indicative that the
test conmpound may be useful in the treatnent of a |iver disease. 30

43. A method of treating a patient with a damaged or dysfunctional
hepatic tissue comprising;
administering a population of hepatocytes according to claim 39 to

an individual in need thereof.

44, Use of a population according to claim 39 in the manufacture of a
medicament for use in the treatment of a patient with a damaged or

dysfunctional hepatic tissue.

10 45. A method of screening a compound comprising;
contacting isolated hepatocytes produced by a method according to
any one of claims 1 to 38 with a test compound, and;
determining the effect of the test compound on said hepatocytes

and/or the effect of said hepatocytes on the test compound.

15
46. A method according to claim 45 comprising determining the growth or
viability of the hepatocytes or the ability of the hepatocytes to perform
one or more hepatocyte functions in the presence relative to the absence
of the test compound,

20 wherein a decrease in growth, viability or ability to perform one or

more hepatocyte functions is indicative that the compound has a

hepatotoxic effect.

47 . A method according to claim 46 wherein the metabolism of the test

25 compound by the hepatocytes is determined.

48. A method according to claim 47 comprising determining or measuring
decreases in the amount or concentration of test compound and/or increases
in the amount or concentration of an metabolite of said test compound.
30

48. A method of screening for a compound useful in the treatment of an
liver disease comprising;

contacting a population of hepatocytes produced by a method
according to any one of claims 1 to 38 with a test compound, and;

35 determining the effect of the test compound on said hepatocytes.
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50. A method according to claim 49 wherein the hepatocytes display a
disease phenotype and the effect of the test compound on one or more

disease pathologies in the hepatocytes is determined.

51. A method according to claim 50 wherein the effect of the test
compound on one or more of protein aggregation or polymerisation; protein
entrapment in the ER; cholestercol uptake; lipid and/or glycogen

accumulation; and lactic acid production is determined.

52. A method according to any one of claims 50 to 51 wherein a decrease
or amelioration of one or more disease pathologies in the hepatocytes in
the presence, relative to the absence of test compound is indicative that

the test compound may be useful in the treatment of a liver disease.

53. A method according to claim 49 wherein the hepatocytes display a
normal phenotype and the effect of the test compound on the ability of the

hepatocytes to perform one or more hepatocyte functions is determined.

54. A method according to claim 53 wherein the one or more hepatocyte
functions are selected from detoxification, glycogen storage, secretion of
AAT or albumin, bile production, thrombopoietin producticn,
angiotensinogen production, conversion of ammonia to urea, cholesterol

synthesis, glycogenolysis, glycogenesis and lipogenesis.

55. A method according to any one of claims 53 to 54 wherein an increase
in the ability of the hepatocytes to perform one or more hepatocyte
functions in the presence, relative to the absence of test compound is
indicative that the test compound may be useful in the treatment of a

liver disease.



