C/ EBPal pha gene targeting constructs and uses thereof
Field of the invention The present invention relates
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the use of said constructs for the inhibition or
prevention of tunours. The invention further relates
to the preparation of knock-in nonhuman mammal s and
hepat ocyt es expressi ng exogeno1us C/ EBPa under the
control of a tunour-specific pronoter. Background of
the invention The nuri ne CCAAT/ enhancer bi ndi ng
protein a (CJEBPa) is a 395 am no acid transcription
f act or CAriBBdiptialgens taraeting exmstrugtsnand Ches HiereoR J.
et al., 1991, Proc. Natl. Acad. ScL USA 88: 2593-2597).
TE] 3! h]e%t -.St agl e transactivator is highly expressed in
\ se tissues but is detectable at |ower
| evels in the brain, gut, and lungs (Birkenneier, E.
Hl'heepre%bnt ihO&RiorCaarteders. DNA LdnstArdkts &Eddi‘ﬁh@rc/E’BPalpha
et al., 1989, Genes Dev. 3:1314-1322; Johnson, P.
F(C/E&Powand tothe use gésaikoonstrucks for4ibe inhibitintber pegvention of

b R BEnE ot S Ra EBIRAES? ¥ ockcin o

Dmﬁnbn neangnale rmidnh@peatosytes iphessing egcgehm CzBBParunder the
domai n. A peptide sequence of twenty-four
p?@ﬂ&hoﬁé‘ﬁﬂm%é@ﬁé‘ IgRArABIORN: ds serves as the DNA

contact region. Immedi ately adjacent to this region is
athirty-five residue a helical coil containing four

| Backareaneé af thesipgeptiorseven anmi no aci ds apart. These
Ieucines align on the same side of the a heIix and

t er di ﬁ}ﬁ)&m tegQ:;\)rtbohe?{ r|§h3f§ eﬁggil:‘(bzégﬁg IS @%%ge@‘nmo acid

L
g@%@%ﬁrgﬁbﬁq?ﬁ& ng &;?«%HZB? %Bé&%onoﬁ rrerg’q?'zd" &0, 1991,
TEFﬂ(B)I\MﬂB(/tdaE) AE(.GUSA 88: 259313’559%5%“9; heat-stable trdnsadttivator is

Ef% Q/oﬁ & )é ggllvlr? r epgq ic ar%ga@p eosos&a %@%‘;‘Egp i ggyer}?%ble at lower
M‘é'&?@!sglhtthesbrén g@tt Ad lunkRB8@BirkepRfRSeDEY - H., ot al., 1989, Genes

ortant functions had Ion been

a@evl Béd 460 ‘G‘GEEEF@ amdAom.netmal.o1889n GﬂflensoDet/uaH@sM 1322;

sl Bl LR o PR SRS LV M RERI0 R bk W e bz1P

dﬂaﬁﬁ@f@mﬁﬂo@éme ncyEBP@ rréb@grﬂz% anbthinds RO&YEEFic DNA sequences
(Freytag, S. . Geddes, T. 1992, Science
2theowghp - daasic DNA-blndlng domaln and a leucine zipper dimerization

domain. A peptide sequence of twenty-four predominantly basic amino acids
serves as the DNA contact region. Immediately adjacent to this region is a
thirty-five residue a helical coil containing four leucines each spaced seven
amino acids apart. These leucines align on the same side of the a helix and
interdigitate with other proteins carrying the same leucine motif to “zip” the
proteins together. C/EBPa can form both homodimers as well as
heterodimers. The consensus binding site for C/EBPa homodimers is
T(T/G)NNG(C/T)AA(G/T) although tests in vitro indicate that highly divergent
sequences also can be bound (Vinson, C. R, et al., 1989, Science 246:911-
916; McKnight, S. L., et al., 1989, Genes Dev. 3:2021-2024).



M schoul on, D., et al., 1992, Mdl. Cell. Biol.
72: 2553-2560). The second is that of a regulator that
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mai ntai n energy honeostasis (Kaestner, K. H, et al.,

1990, Proc. Natl. Acad. ScL USA 87:251-255; Park, E.

A, et al., 1990, Mol. Cell. Biol. 70:6264-6272;

McKnight, S. L, et al., 1989, Zenes Dev.

3:2021-2024). Early investigations into the functions

of C/EBPg had identified an inverse correlation

between its expression and cellular proliferation.

Wrk in 3T3-L1 adi pobl asts denonstrated that premature
expression of C/ EBP a could induce cellular growth

ar'rwet inapeitardr fancdionsli hiadr dong diéemm gsdnibked B GIEBRa based on
SISOt i 590 & FRR S0l thaf b Fngpnscriptihal reguiator that

QoRgaYE teMfar Brovith RFeSPANd RERANAE YifkteRisidAin hébatocytes and
hepatectom es reveal ed a greater than 80% drop in

C/a&hpocytes {Fytagt §. & and Gettles,plodr,et32] Saboce 2656:379-382;

B QCRBBs D B35, V8O Revl iodh oL 2 ZhmalBhy, (hessecond is

hethat offa Ruldtof thattriraéactiaRs D $hBR)\Elelated iQ_elﬁesI B establish and
anount of EBP a as the normal rat '|iver (Friedman,

A mgintaigenargy homppstasis{aestner, K: thiat a2$990, Proc. Natl. Acad.
Pr%&i' LR57981%5 ?%ﬁgggaé\f,e . A880! MNSERIBAL. 10:6264-6272;

hepat ocytes ' Is Tn ran

cdvisKnight,i S.dl.yetalpri@89i, Gefé B va3@o2ds2@2nd
ri cks-Taylor, L. R and Darlington, G J., 1995,
Nucl eic Acids Res. 23:4726-4733; Diehl, A M, et al.,

1996y in@sﬂgg%&t@éﬁé%ﬁti&@%ﬁ c/EBPY 1o iﬁ%ﬁ{iﬁ"ed an inverse

experi ment s transacti vat e t
preomeiation bétwasery ite eep pessioh atredcgna@spiolifdratdbng Woek in 3T3-L1

ol B AR RRRd 4GPt RrETRUTR HPE SR MBIoh & B BB cpoud ndue
(ARAURIProS Britlsh dhd 3Rniif NGRS dritidkBRALARBK 'R M ¥t al., 1001,

e
aci ds i n adipocytes, stearoy y at'urase
( SsmahcavR Th28R28R 1 Fae ytad, abt yOaends Geddds, afis dor 1982d Science

t : ' di ppcyt e the, i nsyl i n-responsi | ucose .
L o MG TRE T AT R
| HepatsitbRfied RSveafid 4 GPeaRephA '80@? g'rz?:pc% C\//%?Igﬁ tlrasnsgripts as the

phosphoenol pyruvat e car boxyki nase
k Selle proanessad intodbe groyth pbase (Mirabiosiqrkdesehat.,, 1902, Mol. Cell.

H. p: gt . I tl.. Acad, SclL, U

o PigE 125532800 BR5tenChha)SSE fugien,fyfireg) pepatoma cells to

Bicontair CasitoAin€etéR) 5% ToF tARI drnbMnObf G/EBPRak%he normal rat liver

transactivate these genes led to the proposal that i1ts
(Friedman, A. D., et al., 1989, Genes Dev. :1314-1322). Proliferation of
hepatoma cells and transformed hepatocytes is inhibited by transfection of
constitutively expressing C/EBPa genes (Hendricks-Taylor, L. R. and
Darlington, G. J.,1995, Nucleic Acids Res. 23:4726-4733; Diehl, A. M., et al,,

1996, J. Bio. Chem. 271:7343-7350).

Other in vitro experiments showed C/EBPa to transactivate the promoters of
many energy-related genes including the following: albumin which binds and

transports long chain fatty acids in serum, the lipid-binding protein (422/aP2)



primary function is that of a regulator of energy

met abol i sm (McKnight, S. L., et al., 1989, Genes Dev.
W@2@8R4502024) . The princi pal organ involved i nPCTBG2004/000364

mai nt enance of energy honeostasis in mammals is the

liver. Hepatic G EBPa nmRNA is detectable on the

thirteenth day of the twenty-one day nouse gestation

period; it rises by day 17 and Beaches a maxi mum near

the time of birth (Birkenneier, E. H, et al., 1989,

Genes Dev. 3:1146-1146; Kuo, C. F., et al., 1990, Dev.

709:473-481). High C EBPa expression during the

pr gAgthabind® AR %H%Q% IMd Bhélﬁq‘?ﬁggﬁz i oéh: ?ﬁggaéstc'egroyl acyl-

gl ycogen storage dents,
oCﬁé\ndasatU@sen 1 NSQih‘lc)awhtqh desal}amtbeSﬁattq @(ﬂds Sfbf)rtnénsport and

the |
¢ PRERGETH BipBoyfesy the Syl regpansives ehusoseotrapreorter (GLUT4)
Shwﬁtchf rEdmtric$ a'enff?t atold ggl‘fcdéreo%f%seédlfJB%gQS?opr{phggneSIS and

neonat e (Jones, 82, The Deve
5M9P|&Qﬁﬂh0§ﬁplnvmhata:e¢arboxykmase NERERGKY: whHislevisera key enzyme

B|91 ﬁ'/ 3 S o |\/bbsll|l atl of h,IS gtored roc. Natl. Acad.
g8 grbesic SRRgFRER K- Bhosld lyl 1R P

hOS’epuSﬁBS ZQ-QSQHWHESAS él%' A9oY! Afd.nch Iﬁ%/ﬁl 10 6264 -6272).

thereafter. Attendant with these netabolic c anges

t héhe gbiiisgel &/E&Pa to trrpsacibiate thefset gmmbdgtprtbbaﬁreﬂosal that its

AR CHEREn B DRt < eBRlAls: 8‘*“5”%@&353%%@ &M@gm s.L,

10 ( GetRils€PROAEBEMBY Deges: 29PNt . (Park, et al .
1992, J. Biol. Chem 267:613-619; Grange T., etal .
1991, Nucl eic Acids Res /9:131-139.; Tea, H J. et

aI The %J?l%rpa*] 7 g‘ﬁ' @m ved, rggge h%é’te%ﬂufd'sd'f,\@ﬁ%@%%meostasis in

t haaafdﬁ@ is dhelliveof HepatiRcCIEBPEMRNA Q@et@@té%lé’%ﬁrthe thirteenth
ed in the transactivation of these genes.
5%%0% (wissiy-ones 6py JBause dsstations peried;afi sisest by day 17 and

15 “r@%ﬁféﬂa' A2 uRHERL ShEHME ?'%%Egﬁéﬁgﬁg}dg I-tlhet al., 1989,

contr of exogenous or ot

t urenes HeecBf 1 t4Hr1ddbt eKuo, 668 . fetrdlherood, T \0se®: 473-481). High
vect or capable of expressin

21 n%gftaﬁgé%{bp‘?@;rt"ltggg‘%npé%ﬂa{ ity eoingideswith ther initiation of

d égdt i ch possess predeterm ned
m?t ations andérglgﬁ) ?%g in their chronosomal C/ EBPa

genes. According to this nethod, the naturally present
20 gdiedeydguénca dimen traire @‘nd@wnltoahumnsepgaiﬁeme/\ﬂdelbamty to

a%yﬂﬂ%s?z% and store large amounts of hepatic glycogen during the last
trimester of fetal life, setting the stage for the shift from fetal metabolic
processes to those of the neonate (Jones, C. T., 1982, The Development of

the Metabolism in the Fetal Liver. New York: Elsevier Biomedical Press).

25  Mobilization of this stored glycogen at birth acts to maintain blood glucose
homeostasis. Gluconeogenesis begins within hours thereafter. Attendant

with these metabolic changes is the up-regulation in expression of the energy-
related liver enzymes, PEPCK, tyrosine aminotransferase (TAT), acetyl-CoA
carboxylase, albumin, glucose-6-phosphatase (G6Pase), and glycogen

30 synthase (Park, E. A, et al., 1992, J. Biol. Chem. 267:613-619; Grange, T., et



sequence capabl e of causing the expression of an
anal og C/ EBPa that is a sequence which has been
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The hepatocytes of the knock-out animal prepared with
the nethod disclosed in US 5,545,563 are prone to
imortalization and accordingly the aninmals are

predi sposed to cancer. O her knéck-out m ce have been
di sclosed in the art (Wang, N. D., et al., 1995,

Sci ence 269:1108-1 12) and used for the anal ysis of
the role of G EBPa in pronoting tissue maturation as

wedll, B0, IVLBRIE® RSHC RN 1@%1@%@36%50%.0J.Tﬁte al., 1994, J. Biol.

life-sustaining fuel |evels in the neonaté.
abGbere 269: 104EPA 04841 Weang Ni Ee, gbale 1935 Saence 269:1108-1112).

C LLions at ly.resenble.the synptqons of the | .
G ST R TS ki & AR oy Bk TS i@ Rsmimplicated in
seetRriRuBHTANES OF thed dd.cient hepatic glycogen
storage and insufficient adi pose fat storage. The

problemrelated to the knock-out animals disclosed in
LS P8 5B 58 1Bk ES 5 SR BB B34S in marnmals

hyepubssing G /EBRG dindep thid EdAtRoloof SREJRABIS MIA 0PSthEHBkogenous
Furt hernore, theirhepatocytes have been shown to be

prigRUr-sPeaHisuPrefantasi s5§Bduntherodiseloses, a eeplicemaraas, insertion

I i -4071). i ngl t hgese, knock- out
et BB e P B hmg 3 WG Blraptio o Reeain of knook-
pasuerfor déletilos) apdmbls; waigh beasesprelfetermined mutations and alleles
Céggg&éexgg essing cells and tissues. Another problem
a

rospia /B8Ry gepessAceprdingtaithis irethod, the naturally
i E he . i f
f ﬁgga- tgg%%%g?%ﬁégﬁapggﬁmo? gﬁs{%ﬁ'&‘%ﬁﬁ%b%hanwgh an analog

vaaqiuenc@@gapame tdfe:a:uxstin’gathef egpt?tsldmof)é?ﬁé?%ld)g; C/EBPa that is a°
conpl ex_and.its conplete array of regulatory sequences _

e OHENCE MBI 85 rDeRieliaredl PomparRd tox hesBRbRaly ocourring
SBR[ TRk h&hatoRytRstdTanE G oek-dut %ﬁﬂglﬁﬁﬁe&%gﬂ%ﬂthe method

DNA run the risk of”rendering inaccura
r stisdlesacbin Ui Hb46568 arenpraneptee smmontalization iasld accordingly the

i nhe t_in all current gene therapy strategies. t
m%?@g@h%ﬁﬁlﬁdés%osgdggsq fe to identify and provide

new and different neans for the generation of
tunour-resistant cells and ani mals which could be
uddther knacktrutt mice heve kegen disnlosed Butiarart ¢WVarige N. D., et al.,

| R5M$88nce 269:1108-1112) and used for the analysis of the role of
C/EBPa in promoting tissue maturation as well as in the production and
maintenance of life-sustaining fuel levels in the neonate. The absence of
C/EBPa in these mice gave rise to conditions that greatly resemble the
symptoms of the human premature infant including growth retardation, severe

hypoglycemia, insufficient hepatic glycogen storage and insufficient adipose
fat storage.

The problem related to the knock-out animals disclosed in the prior art is that -
these knock-out animals have abnormal liver function, experience severe

hypoglycaemia, and die within a few hours post-partum. Furthermore, their



The present invention seeks to address the probl ens
above, and in particular to provide new and usef ul
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non- human ani mals. One aspect of the invention is a
DNA construct for the expression of a functional

C/ EBPa, conprising a DNA nol ecul e encodi ng ¢/ EBPa. The
DNA construct according to the §nvention preferably
conprises, in a5 to 3 end direction reading frane,
the follow ng conponents: (i) a first region having
honol ogy with an endogenous tunour-specific pronoter

g Etes v bt Etuh 16 & Ao B Bo 888 ISpReno. H. E.
r egfi aln m%hiffendtelmnez:lmfzum1)TgAc&winyN,femﬁbé klnock-o_ut animals
P RIT ST KM TN
S@@F‘cﬁ-exﬁ‘é@@i&?E&%ﬂ@aﬁgﬁisﬂ s?“@nbﬂgﬁreﬁgﬁbmia%o&fated with the

t he exogenous a under e contr
endSgehdbSa3udisclosars & dist spggesiter tofexproestCAEBRa arnder the

' . f | | DNA t .
2 deBHatg b HRcCHRIERETER. LAFBheOMOtER e 3o Feamealian  vecor.
C &R sdehbvitsindd Iora it Y S%K'Egglsaé’é@ggﬁghé( i @gﬁﬁlte array of

such as human or non-hunman exanpl e,
noagulatrgBrguePec@sanayinat hehkndwndor segieotimeat® come, expression

hag wi t h,an endogenou unour.-specific p ter .

o VG et L B AR HREC BE el ™ Rromoler "R e risk of
t yBRYERng MucRuRitef ARFDFagulAtivh.f IUMhtdrRIBHOGeAsS expression is a risk
honol ogous with an endogenous mammalian a- fetoprotein

( Aningrept inalt ewrremt gpee NRragysérategies. and t he second

region is honol ogous with a region within the AFP gene

| ocus. The second region being downstream of the AFP
privmdudd - thérsforedilbieg | desirable edhigehti§nanaf piovRld Meantandnditferent
is a DNA construct for_ expression of a functional

reRAANS t teg geparalinmef binpyr-esisiant cells and animads which could be
t RRFA; ﬂ%?ﬁaﬁﬁgﬂpgmﬁﬁdur@) a first region having

honol ogy w an endogenous’ AFP pronoter gene sequence

of the AFP locus; (ii) a DNA nolecul e encoding the

C EBPa geng; and .
Umary of fhee}nventlon

The present invention seeks to address the problems above, and in particular
to provide new and useful means for the generation of tumour-resistant cells
and non-human animals.

One aspect of the invention is a DNA construct for the expression of a
functional C/EBPa, comprising a DNA molecule encoding C/EBPa.

The DNA construct according to the invention preferably comprises, in a 5’ to
3’ end direction reading frame, the following components:

(i) a first region having homology with an endogenous tumour-specific
promoter gene sequence of a gene locus;



a second regi on having honology with a region within
t he endogenous AFP gene | ocus. The first and second

wo e@sos®4df honol ogy with the endogenous tunouPGpPEGRH/G00364
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pronoter (for exanple AFP pronoter) of the AFP | ocus
and within the tunour-specific pronoter gene |ocus are
al so indicated as "upstreant and "downstreant
sequence, respectively, as they are positioned, in the
DNA construct, upstream and downstreamto the DNA
nol ecul e encodi ng the exogenous C/ EBPa of interest.
The upstream and downstream sequences all ow t he
DC@B“ OBWA%OH&@MCH%QQ /EBPREaRE the exogenous
Pa of interest intot ogenous tunmour - specific
pronoter |ocus (for exanple, into the AFP |ocus). The
i rint | @second regioniheyinghomeingyswitoa regisrowithin’the gene locus.
conprising the DNA construct. Another aspect of the

[ Nty S ; c

B PR e R ng e PR SR PV pomoloa
bepasitidrieied dhsgear) of the thmour-epkaific promtersdequente

For exanple, a human or non-human ani nal hepatopyte or

pneunocyte. The human or non-human animal cell jn
whpleh ateonstincé aews ibe exressien@idh Sé&?ﬁ%@@oﬁs C/EBPa under the

L UIDHE TR Bhe By gg %)LIS t&%‘bﬂ?—%ﬁ?ﬂa}‘\ p&é}ﬁP?é;r)eo?ed”ﬁost cell or animal,

i nvent1 on provi unour -resi s an
prfefexalbipieaepatmnalte(s) or pneunocyte(s), which can
be used in therapy For exanpl e, tunourresistant

A Ao SR IR e i o
t OClEBF"& @ariladTRaH eﬂ'f Bfg%‘?ﬂ?s‘?h,j?ﬂl‘gfér%bﬁ/ HeAERImal Sstedh 88 human or

a human or non-human "ani nal tunour - r esi st ant
cemd>r9humntfé/h—:)BBgaFedeb§mpi€amﬂheuse HERGSY. cells with
the DNA construct and/or the expression vector

o LSt dife 5L/ bl RO MR rBReofEhymour-specit

anprigehctenbf 8hgdtey fodiRewifickad adtiviteddntiver BNG lung_ tumours. More
construct, vector and/or cell of the invention

t upfstierablys the dirst regions is hemwlegavs WtSh taﬁeenqlm&emqwnammahan a-

eﬁ% @Jﬁ%& Z Sf{tgfn%zgﬁ?%ﬁ y Q%rdvr\}‘&t%% %%cond region is

D%mar@busqmmnd/ i¥giore atithin chet AEPI ga@@tlomrs The second region
Preferably, such transfected
being downstream of the AFP promoter.
Accordingly, an embodiment of the invention is a DNA construct for
expression of a functional mammalian C/EBPa comprising, in a 5 to 3

direction, the following components:

(@) a first region having homology with an endogenous AFP promoter gene
sequence of the AFP locus;

(i) a DNA molecule encoding the C/EBPa gene; and

(i)  asecond region having homology with a region within the endogenous
AFP gene locus.



pluri potent enbryonic or adult stemcells are
cultivated and differentiated i nto tunour-resistant

whepanegoys es or pneunocytes. The invention proRCTEG2004/000364
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process for preparing a hepatocyte graft for |,

adm nistration to an area in need of transplant,

wherein the process conprises nmaking the hepatocytes

of the graft tunour-resistant by transfecting these

hepat ocytes with the DNA construct. Al so provided is a

met hod for transpl anting hepatocytes, hepatocyte

aggregates or hepatocyte grafts, conprising preparing

hepd Gr¥t @hd 568G PEforRI B S8R g WiRPHIL BB t -
grafts transfected wi tth the DNA coﬁgtructﬁkgnd genous tumotr
t repagiiicapramefet (for exapmpleARRP prorheteredf thepAFBdgtesand within the
hepat ocyt e gregat.es or hepatocyte grafts to an are "

| melispeo NIRRT 9ns PR Ay iFtadalt, 385 Tp§fieam” and
bi Yoaaatream” qitab! besplicamsly, favsqh_@g Jaré/%%ﬁ]oned, in the DNA
conprising the use of the tunour-resistant cells

acesiiugly upstreami avdndpvinstreamuito Hee BHNFeonoleicutehencoding the

in [ [ ock-i.n non=human .ani mal transfect ed

or SRt B L ERA e o Bt Tt B e G5 TeRDY sequences
| AR tHeNpoditiGing oftiie BMAImoleedaHBYdIRNtHEBEXoddHdUS C/EBPa of
exogenous C/ EBPa transgene is specifically transcribed

byintaiestiffmiite endegestsolusneur-tnecifisperoniater [pousdfasrexample, into

Prtﬂfe%%glléfcus he endogenous tunour-specific pronoter is
t he promoter, which transcri bes the exogenous

C/ EBPa transgene specifically in the fetal liver at a

polimd iegehtic@r dldarprasvides an exprdeviohORedHrcadspfising the DNA
cell s where the AFP pronoter is reactivated. The

i USh provi des a method for the preparation of

knock-in non-human animals nodified with the DNA

CONﬁémHFtasg%_cf 'Bf th& VERENEBN %?éte@xﬁﬁﬂbgt g?}lgg%ﬁﬁéﬁ%% the DNA

non- human ani mal enbryonic stemcells no

DNonstinist outhte expresgiomvecior.ofhe bobticdlemesele ianprocaryotic cell. In
bl as 'OCIﬁSt m_cr oi nlj ecti ggs to ggpjduce chi nmeric aninmals )

t RATUESRNpRopRgAPe GRI bl 1F@MRIeY & BURIATEFanPRANan animal
S%dtéc@é'dr%n@ﬁnﬁ& 28! THE HuEHloPRoR®inkd P Aninflal cell in which the
culture by transfection wth the DNA construct of the

i YA comstard isidnsgriead decomes artumaeireesistard nesflleAccordingly, the

gener. - V] ni-mal s, carrying . th (fied allele.
ATISSBhEIVeBRo 0y, Rl fShtenE oFTE): bitefy rRpatocyte(s)
t hers pnkoeRcytdls)n iR tann b Lsed SUC thdrdppUForeskshprt tumour-
cells are preferably tunour-resistant
resistant hepatocytes, hepatocyte aggregates or hepatocyte grafts according
to the invention can be administered to an area in need of fransplant in a

mammal, such as a human or non-human animal.

The tumour-resistant cells can be prepared by transfecting host cells with the
DNA construct and/or the expression vector according to the invention. These
tumour-resistant cells can also be isolated from knock-in non-human animals
which have been created using the DNA construct, vector and/or cell of the
invention.

The tumour-resistant cells, according to the invention, can also be human or

non-human animal pluripotent embryonic or adult stem cells transfected with



hepat ocytes or pneunocytes isolated fromthese
knock-in ani mals. These tunour-resistant hepatocytes

we2amshesoused to popul ate bioartificial |ivers PEESG2004/000364
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provi de essential liver function for patients with
liver failure. The present invention also provides a
nmet hod for in vivo screening and/ or nodul ati on of
tunours conprising adm ni sterin§ one or nore

carci nogens to a non-human animal transfected with the
DNA construct of the invention and identifying the
tunmours which are inhibited or suppressed by the

ex{hieeDNACBoAStrliEeASB N ctor 55% inVBRtiGM VISTakd 2B 3/‘ YU S ansfected

provides a nethod for in vitro tunour screeni
c opigFipgienyd:embaioni¢ ag adultstémaellsadre aullivates and differentiated into

R e hPRECkR o el i 6 one or more

carci nogens; and identifying one or nore tumour cell,

WhEhei invehtiohupeovides aSprddeshi fid ppéisi #
bh%é he function of C/EBPa protein /Rfurther asp ectﬁﬂ? graft for

MiNrARIYN 1 ap naiesodn f Beed r efit rarspigntpt whereln the process
asgffp i "t‘hélﬂn{; MhRE q{érb%?@%{f%éng?ﬁ iﬁeg'ngn tinSur-resistant by

human™ premature rnfant o

c drgnsfactingg duesenhspaiocytesi witlothd DNECEbmridat 0 or
transfecti ng transiently the liver of the human

glmature nt or th e ture animal with the
¢l &Y I'?n@arﬁn?gbc;) mignsplaatingia hepataayira, bepatocyte

t%gréyﬁ@é or Hipdibes! raf‘tQIr Bﬁgtrigf?\éf gﬁeﬂéfﬁwtg | Sepatocytes,

less ITkely to integrate i toth
Trhgnstesytet raggregatasororothephtodytest gradls| tiahstaded abite the DNA

f fi |
ot 4Hek < 305 Btiondhe pLspares ffansieat foug asy spopatocyte
eXqYResates &eﬁ@;ﬁ@%c?@ Grets 98 anfareh| ul] Inekd'df '?rearnsﬁﬁa% ct

is a nethod of treating cancer I n human or non
ani mal s whgose cells Froduce el evated | evel s of AFP
cort i i8vergtien e atsongetates higndrioreactars mapretarablyy  bioaHificial livers,

it ﬁgﬁérﬁs@# Elﬁlﬁg%re%fgﬁ?ttgﬁo%sﬁg@gvpglgstsa%cor}jmg to the invention.

phar maceutical - preparation conprising the construct of
t He furtherraaspectavfcthecipveniia isya khopkan maeehtirmaa! dhimal transfected

R mertia it 466 BN, Gonslld Aeearringe bndie oventinn. dn such a
Vé@bek-in non-human animal, the exogenous C/EBPa transgene is specifically
transcribed by the animal’s endogenous tumour-specific promoter. Preferably,
the endogenous tumour-specific promoter is the AFP promoter, which
transcribes the exogenous C/EBPa transgene specifically in the fetal liver at a

point earlier than normal or in developing cancer cells where the AFP
promoter is reactivated.

The invention provides a method for the preparation of knock-in non-human
animals modified with the DNA construct of the invention. For example,
pluripotent non-human animal embryonic stem cells modified by the DNA
construct of the invention could bé used in blastocyst microinjections to

produce chimeric animals that can propagate the modified allele.



according to the invention for the manufacturing of a
phar maceuti cal preparation for use in nedicine. For

wex@spsws3 for the treatnent of synptons associ BEESGW0HM00364
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gl ycogen-insufficiency in a human premature infant or
premat ure non-human animal; and for the treatnent of
cancer in humans or non-human ani mal s whose cells
produce el evated | evels of AFPqtreating the human or
non- hurnan ani mal cancer with the circular formof the
DNA construct of the invention). Brief description of

the figures Figure 1 is an illustration of the
A’iﬁfe%ﬁﬁ?el?, %%H?aﬂcaggﬁér' &gaﬁ%mfr{dg%uxéf Nge GnBBIfRd in culture by
transgene Is striped. The stippled regions represent

t Hemnstenbicogwith thegDbiAc esnsthadt dfethp i;melmt&?reahdmﬂadgw&lonors for
inatiqon., The D tag |s an artificia inserte
A instEL i eetal S itabla AN FREVIGNEmORECS Fllge.

it assists in differentiating transcripts produced by

t 19sé RBGRRAE afd WMRLAPSESRINE (SiIEBBaIaENAYokE the8E "ofk-in non-
shows a restriction enzyne map of the AFP-C/ EBP a gene

t gean eqimialss nSdch tumolintesistest cefiprave | prefarablyctumaur-resistant

S OERERY 6} OF RoSHE R bBiatd R TSR ok 2oimals

The letter "N' denotes undeterm ned sequence. Sequence

datest dunidie-réEtamtsdigeaoe\ios can\WesliseRPID SESUERCISIBaMifiSial livers
obt ai ned. f rom GenBan Nati onal Center for

k
AT 89 aTRb v Mg Rion B ATt 1ED IPeH D Ebes

used to screen a 129SvJ nuri ne genom ¢ | anbda- phage

| TheAbbeduHtaRoshtol MB ProAliage eihtd ! Bp'in df% Lerefthg andror

conpri ses the upstream pronoter and regul atory

s enpdinaiian of tumAbu(satepasiogradmini&iES)iny bike r.more carcinogens to a
Nucl eot i des 8707-9612 conpri t AFP downst ream .
SRR TR BB A st AR e A AaEoRA R T Reanygntion and
t difingftheRlfRurs wWiidsa e%nwmtédrbﬁéi@ i
sectigl gf nucl eoti des 75r7-4285 repre ntggtcﬁkéy tﬂ_é‘éxpressuon of

siilepegenionCBEBPae AFP gene that has not been
sequenced. Figure 4 is a schematic of the process used

| 08! SRR SR SE0RESE aPD"cn B ol Sreering

ar@miphiging: modifying a cell or cell culture to express the DNA construct of the
invention; administering to the cell or cell culture one or more carcinogens;
and identifying one or more tumour cell, wherein the tumour(s) is inhibited
and/or suppressed by the function of C/EBPa protein

A further aspect of the invention is a method for treating symptoms associated
with liver glycogen-insufficiency in a human premature infant or a premature
animal comprising administering into, injecting into or transfecting transiently
the liver of the human premature infant or the premature animal with the
circular (non-linearized) form of the DNA construct of the invention. The
circular form of the construct is less likely to integrate into the host genome..

Transient transfection of the host cell is desirable because the need for



knock-in allele. The .0 kb fragnent in Pstl digested
DNA and a 3.7 kb fragnent in H ndlll digested DNA

w0 pabsoet0d3 t he presence of the knock-in all el e. PANIBGR04000364
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kb Pstl fragnment and 8.0 kb H ndl Il fragnent show the
presence of the endogenous C/ EBP a gene. Figure 6
shows Sout hern blots revealing the genotypes of the
knock-in (KI') mice versus that 10f wildtype (W) mce
using Pstl digested DNA (Panel A) and Hindl Il digested
DNA (Panel B). Figure 7 shows a graph of the
expression pattern of the knock-in C EBPa (K C/ EBPa)

g : d I a 2 g ;
SAMIR IERE SHPrOROT, IS P JRESSERY, Stk e TR own
exgndegsnous OrioBPlocexpifesSioBRFzcames gtijvatedn synt hase

(GS) in knock-in (KI') and w |dtype mce. The data

2S5 L ANt AREcd 8 GretBH PRl g g dB A of on-human
WdrithiRewRbse celfs o@iu&esél@VﬁeHhébelﬁ%‘ﬂMFPV&irﬁp@é.mg treating the
C/ EBPa wer e hi her in the livers of knock-in versus
wihumamper mrw@ag@am@h with $heygircular fomayaf tbe DNA construct of the
9§ \1}%;“ p'nal age. Figure 10 shows that nRNA | evel s of
(j en- synthase were higher in the livers of
knock-in versus wildtype mce between 12.5 and 15.5
daptee drfveptiohadlsongrovides & ghrendodutiBal Bregdratibwveomprising the

l'iver sections of mce at 15.5 days gestati onal q%l
siGoaeluet ehttba imvantian \ﬁl”(dhcﬁﬂt'QH ¥ & Phagnaceytigaiydacceptable

V"'éa'?n@r%?«d/cﬁ)dlrﬁerﬁAs t he pink hue (darker cells)

presence of hepatic glycogen in the knock-in
liver, B) KI PAS D astase - diastase has cleared the
slﬁm‘ﬁﬂeof thgl rvegtion Eélaw; PAfhe usel oft apBNAnbthsudtaamj or vector

{ d ted th t t
PR éfdﬁ@qe e The gUnEedioTE e the, b G &l %, piraacetical
é’r‘é%ﬁ’?rord B¢ VIRUNBHRIMK MSiKestdnPleC forBkStréRhfant of symptoms

die in response to exposure to genotoxic
agaasp@ata@brwnﬁblglycrog@mlmstuﬁﬁcm@ymmea Fugmane prémahwas infant or

o alite HheHineray BEraRt et 6 eatheil B¢ TARERG e Almans or
1hdnfhurBan @nifkals WHOAR ééll%%l‘édhb@'@lé«?dtéd QG of P Bfbating the

w | dtype m ce
human or non-human animal cancer with the circular form of the DNA

construct of the invention).

Brief description of the fiqgures

Figure 1 is an illustration of the AFP-C/EBPa gene targeting construct. The
C/EBPa transgene is striped. The stippled regions represent the homologous
sequences that help mediate homologous recombination. The ID tag is an
artificially inserted sequence containing a HinDIIl restriction enzyme site; it
assists in differentiating transcripts produced by the transgene from
endogenous C/EBPa mRNA.



exhi bit pronounced tunour formation (A and B), and
livers fromcarcinogenl3 treated knock-in mce (C and

w@roosxkioni t smal | er and fewer tunour growt hs tPEIISGI84/000364

10

15

20

25

30

. or
k fd9rect HBpaaSeaerpatia ¢f

wi | dtype mice. Detailed description of the invention
One aspect of the present invention relates to novel
constructs that can be used to transform host cells so
that they express and secrete {f1.e., into the host

cell environnent or into the knock-in organisnm
exogenous C/EBP . Preferably, the DNA construct
according to the inventionis a DNA construct for the
RN @eS SHows ArdstiiétidrPamtynté RRPOCOBIAF BICIEBPdgend tdrgeting
3 end direction reading frame, the follow ng

c Passhignt's: indicates AppEaXximals leeatian ioh Fesiaeinroezyme isitan
endogenous tunour-specific pronoter gene sequence of a
gene locus; (ii) a DNA nol ecul e encodi ng C/ EBPa; and

( IFH% re@ﬁa@:islﬂtﬁerwqmd@ayflthe ARPQ/EBPavgdrie ’@rg@mgpplasmld The
in the gene [ocus. The DNA nol ecul e encodi

Cletisn N deR e Gt teaTBR o PRI gy SRR dar the AFP
f
dORAELAATR dlhSUER TSRBREES Sy YBRAIREASFORERBank NCBI

construc e expression
eXNgﬁonmIsCéhE@PﬁomBdﬁechmrdogyodnfanmaubn) e symiloesneRCR probes

L SR SR Bn AT POhEn e SRPPRLS FRbHH RoegERIIarY Purchased
defdny @raﬁé@@hénmﬁél%ﬂdﬁm 584y Sbﬁ@rl%eﬁ'ﬁl@lﬂﬂpstrfaﬁfn promoter and

exanp e human or non- hunan ani mal Pa. For exanp e,
miegelaturEBFRqUEncRise of oNEPr (@50 showine imS@ntD iIMOEht iNcleotides

oI Bt e B ARG BRI st lre e fing from the
eXagiae &f ihfronveaipto PeB0es irtfbrbe @&&sﬁéﬁnSﬁSSm (nb NO 2). The

relies on expression froma cloned exogenous

h&ectioR ohrsiiiepidss ¥aédaed [%e%@ﬁﬁltbt?é@éﬁc’tb@n of t the AFP gene
rqgg{@é’ O 3 Gﬁﬁg%{iﬁehgﬁh ng to inprecise gene
e

expressi on. ‘cul e can be any gene nol ecul e
from any organi sm encodi ng any C EBPa known |n the art
any derivatiyve or mjtﬁ‘tﬁlron t hereof . Exanp

PESGESSI USedh 39 eC"@?EQ: |tb§ e(a/ EBPa gene

t hé?\ock-ln mouse.

Figure 5 is a restriction enzyme map of the wildtype C/EBPa allele and the
knock-in allele. The 11.0 kb fragment in Pstl digested DNA and a 3.7 kb
fragment in Hindlll digested DNA indicate the presence of the knock-in allele.
The 3.4 kb Pstl fragment and 8.0 kb Hindlll fragment show the presence of
the endogenous C/EBPa gene.

Figure 6 shows Southern blots revealing the genotypes of the knock-in (Kl)
mice versus that of wildtype (WT) mice using Pstl digested DNA (Panel A)
and Hindlll digested DNA (Panel B).

Figure 7 shows a graph of the expression pattern of the knock-in C/EBPa (K
C/EBPa) gene as compared to normal C/EBPa expression.



NCBI Uni Gene web page (http://ww. ncbi.nl mnih.gov/).
For exanple, but not |limted to, C EBPa genes of Mis

worn@ssws3y Uni Gene cluster Mm 34537; Honp sapi BCESG2004/000364
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Uni Gene cluster Hs.76171; Rattus norvegi cus, Uni gene

cluster Rn. 22163 (all of them herein incorporated by
reference). The human C/ EBPa gene has al so been

di scl osed in US 5, 545,563 (herd2n incorporated by
reference). Sequence data for the AFP upstream and
downst ream sequences was obtai ned from GenBank NCB

(National Center for Biotechnology Information) to

synt hesi ze PCR probes used to screen a 129SvJ nuri ne

genoni ¢ _| anbdaphage |ibrary purchased from Stratagene. )
Addg¥rgi Rgsows tfe gDRPhcohsealdine dReBr datay ilustiatisg the expression

| . odl . .
EIPL AT 355, QB TRUEHAE @S0 IRRIFTRR Ao widoe
hunigs. oThedatahshwwrsaganpbnd frigherxexpressisnusiekl C/ERPa.as well as
Thﬁ C/ EBPa of, th?Kgr eéent DNA construct is preferably

a MHehelrpressiomet IKd fap imcemparispgfr wildlypeiiieinct i onal

C/ EBPa can be used. t is within the know edge of a

skilled person in the art how to prepare any

f UrigtiieoBasha@iElivat anBNZg [@relsndf 2DIERPd avered highea in the livers of

del etjon, insertjon and/ aor substitution of at |east .
ook et R Sy PR Ga kR RERD o8 anel 1ab cPuaiet debtational age.
The C/ EBPa gene used in the preparation of the DNA

construct can be isolated according to a variety of
stidadrer 10 sbhowsi that IMRINA levedsnoff glydogenasywdhasewerartdgher in the

Bl BB pLUBE SRR SRR £ 155 g o

cejdstatfomal agenpl e, froma hepatoma or other cell that
actively expresses C/ EBPa. The DNA nol ecul e may be
cloned into any suitabl e prokaryotic or eukaryotic

vashite WSAt @e o4 G{S§ %rh%vJshﬁvrbrageecti%ﬁEeo% ﬂ:eugi i?.ySag%yso Bgstational

whose sequehce 1's the sane as, or conplemen
t regge. oSlitee tated editlCoERAtiRowdrDinstasef wegmetdinetavitnPAS. A) Kl

Sui fabl e vectors, as well as the t hods for . .
pg:%gr'rﬁ gp'QngWe TKar salsomhans PrRpengecof hepatic glycogen in
d Iy ainf ;i 00ky: ;

o RRRin I, TP TR] PAS ISRt o diastas8 Mac KRfad the side of
Edlydagen, CIWVT FHSi novildiybe animslsrhaver goPyetsdepdsited glycogen at

K BH ) Y AZ Bddtach®r 1 1 1 NCOrpOT ated by

Figure 12 shows cultures of fetal primary hepatocytes derived from knock-in
mice were more likely to die in response to exposure to genotoxic agents than

cells from wildtype mice.

Figure 13 shows knock-in and wildtype cells cultured in the absence of

genotoxic agents have similar survival rates.

Figure 14 (A, B, C, D) shows livers from carcinogen treated wildtype mice
exhibit pronounced tumour formation (A and B), and livers from carcinogen



reference). Alternatively, anplification procedures,
such as PCR are used to facilitate the isolation of

wao b@sQiBBPa- encodi ng DNA. PCR net hods are revi BOESGHIN4/000364
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Love, S. e al., 992, Neuropath. Appl. Neurobiol.
18:95-1 1. According to another alternative, synthetic
chem cal nethods may be used to synthesize the C EBPa
gene nol ecul e. Thus, for exanpl&, the well-known
phosphodi est er or phosphotri ester nethods nay be used.
The first region of the DNA construct of the invention
has honol ogy with the sequence of an endogenous
t @RS ﬁkﬁ@émﬁ O[Ot ) é(lﬁ@l@%rﬁél@ﬁ% nd' RSwEL &R A8ur growths
regi on of DNA construct 1s a region having
h dind b”@ywﬂﬁltt'heamtc@gl on within the tunour-specific
pronoter gene |locus that |ies downstream of the
tunour-specific pronoter. Wthin the DNA construct,
this second region of the DNA construct lies
domnstreantof the C/ EBPa gene. Usually, the pronoter
hlgtaileghd fthg) inve e gene regul atory
elenents upstrean1(5 ) of the coding sequence. For the
second region of honology (thel6 region within the

v 0
SRR, e PR SALIENL Sl et pRORTR ARGt that oan e
| asgerto tfmtsfomam cdlist & thmH@r@kaQQQ%ﬁdegea@ﬁe i(ise., into the
Z@al | ow DNA cross-over events to insert construct
S

SerRIESNYIIRNIMEREOG IR e kneek-ty @gesismexqaaigus GEBPa.
honol ogy, the nore efficient gene targeting should be.
For the invention's construct, particular care was
t &dreferallyy thieaDNA loonstrutt aocardingf the imventiof is e DNAC eonstruct

orn it Stsion Pofl Sindionsh o RS oratifie i & to 3 end
t@nreamq téamh@gnenﬁ@ thidi fo RO gEIRBSHAHMS: manmmal i an

pronpt ers }I. . pronoters that are nore active in
t unolir ced léﬁttlm*pﬂ hauisg- hemolagycwith en. emBegesioss tomour-specific

such a pr f ei n (AFP)
pronot er, &%ﬁrﬁ aseel&%"uebggé)? Qe“f(ﬂ;&{?%[—'ﬁep& n E
pronoter, the I\/Il muscarini c receptor -pronoter, the
gamfi) gl ua BNA rolecafecerealing OMBBPG; ahtle CW pronot er
or the like. Preferably, the fi rst and second regi ons
tk eDNAconstruct have . glyvmththeA
pro Ver am@CRdefrgAn 40 Haraoikgs Whe. i reqke withigy the gene
and secongdcl€9i ons of honol ogy with the endogenous
t unour specific

The DNA molecule encoding the C/EBPa and a second region of homology is
positioned downstream of the tumour-specific promoter sequence.

Such a DNA construct allows the exptession of the exogenous C/EBPa under
the control of the endogenous tumour-specific promoter.

The DNA construct according to the invention allows the expression of
C/EBPa derived from any organism, preferably mammal, for example human
or non-human animal C/EBPa. For example, mouse C/EBPa.



gene (for exanple AFP) will preferably flank the DNA
nmol ecul e encodi ng C/ EBPa. These first and second

w0 e@sos®4nre al so indicated as "upstreanmt and PCT/SG2004/000364
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"downstreant’ sequences, respectively, as they are

posi tioned, in the DNA construct, upstream and

downstreamto the DNA nol ecul e encodi ng t he exogenous

C/ EBPa of interest. The upstreaTﬁ and downstream

sequences allow the positioning of the DNA nol ecul e

encodi ng the exogenous C/ EBPa of interest into the
endogenous tunour-specific locus (for exanple, into

t héharmnistitios pf dinel presepatr triventian grodbesgineiitst theit are particularly

( uvtaBool e PEHEs e SISl T el Fiakpramemple, the
dovestbr eagyésted BysUss! 54595@\%11&\ 5’%@ oﬁ%&g%ﬁ%&ﬂ,@ﬁ{’a cloned

are shown I n rl?m%ure 1.'17 Suita
s eQXRANISRIAMiepheg tre prablem oftlacking dne comitieteeset of regulatory

La SvJ Cat al og #946313). The
fetg%ﬁ%on%opr ot%i'd Pﬁ&re%{ x é?'g?gf(ﬂ , I's synthesized
primarily in the enbryonic liver and yol k sac (Sellem

C. The DNA rableculkO84n beewanyBjare rﬁd)@c@% fglgg ) ngéﬁlsrw encoding

983 EVMBO J
me@@éﬁéé?s %ﬁ%&o"‘g‘ '84?% @t"gﬁf ahy dlerinative pamudation Zhﬁf@l@fa
which formon the 10th day of the 21-day nobuse
E K
%Ssgﬁhg%o@ﬁkh%ﬁgggﬂggz& alll\%s Are qﬁf e@ﬂpﬁ%@l&os@rﬁé@closed in the
AtNQB'&nl%ugwﬁpege)ﬂnﬁptllmmtdmnmm m//C) Ptbl%ﬁémple but not

CGAGAD L BN KBl b elu ABTE! N i sasr

(Sdbmemsa iend, , URIG@He . clli8f4 H¥evs178:0! 2:
Th@ﬁjFPg%?enat al expression patternﬂprﬁgg n?}v%p:us, Unlgene

predst G QfﬁhQrﬁéheﬁ%md@prraEdjbymemcm)
C/ EBPa nRNA i s detectable on day 13, peaks near the
tiree alinkin ep Al bi r :
(Bi rkennel eF'/’E%Pqu_%r{é hes ?Igodri%%gd?sée e 'Be@% 5,545,563 (herein
3:ingarpotated byetsreee)F. , et al ., 1990, Dev.
/99:473-481). AFP transcri ption normally remains off

RS ihten B AREATRL, uRstiRar condrdownireatn pequences was

étm§neg tfdr;flvl G%kt Ne'B IS(‘N%\%I?E!( @eﬂ%eﬂgf BQ%EMQI%Q [hformation)

5-tesyhthesjze RER theéas%@r:l m sdieeni an 268 v{l/ridfae igenomic lambda-
acHHa‘gQQfB‘f’an’yspurchased from Stratagene.

Accordingly, the DNA construct according to the invention comprises a DNA
molecule encoding C/EBPa of any organism, preferably, mammal or more
preferably, human or non-human animal, for example mouse, C/EBPa.

The C/EBPa of the present DNA construct is preferably a naturally functional
C/EBPa. However, any functional C/EBPa can be used. It is within the
knowledge of a skilled person in the art how to prebare any functional C/EBPa
analog or mutant obtained by a deletion, insertion and/or substitution of at
least one nucleotide of the naturally occurring C/EBPO(.



consistent wwth the decreased rate of hepatocyte
proliferation at this stage. Interestingly, during

w@ensot4df coerced hepatic cell division suchPEESGI04/000364
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partial hepatectom es and tunourigenesis, C EBPa
transcription beconmes suppressed whil e AFP expression
becones reactivated (M schoulon, D., et al., 1992,

Mol. Cell. Biol. /2:2553-2560;19onm zawa, M, et al.,

1998, Biochem Biophys. Res. Comm 249:1-5). This

inverse relationship in gene activation between C EBPa

and AFP represents an ideal condition for artificially

eXiee SFFBRa &P seddry ﬂwbeﬁf’eﬂaf?ﬂ%rﬂtd?r%eemr&oﬁs%ct can be
the AFP gene in order to enlist CEBP as an inhibitor
ofisalafiegduaccgrding Ho duvangty bé standarg tepknigeds, for example, isolated

) ROBERS RN DB R Bk AR B s con e
t lodtaine Mitone mnyavembendt egimal thilt o @emegien désn RUABPatoma or
or animal AFP pronoter of a gene |locus and with a

d6thr sldhrkaelinehc exnresises WhBre The Qj¢hanolseule. may be cloned
A%Br%‘\}pe_glé%%lg/l@" Or#rgkﬁré/ﬁﬂg:aw &&QW@@B&;&PP%%%&”V@&S& then are

a singl exogenous ransgene I3
plsassEthednasing tsherobenvin olse ssedquemcerid dbe rezimse mohicomplementary

(43 et GRcimste 1/EBHS ohte adacmengneredtnock i -

non- human ani mal capabl e of produci ng exogenous C/ EBPa
at atinme different fromthe endogenous C EBPa. For
exXalitpble, vetiors, tdse well oge nihes N@thRiw for pesiganingi sugh dybddization

under the control. of fhe endogeno FP gene_pr ter )
¢ SEHenIS SRRy, O MBS SeabTarcn: PRO FGse! DW., In
sMdletulat [Toming 98 NAbDretEiPMariial, " 3¢ Fdil€S, (Cold Spring Harbor
specifically in the fetal "liver at a tinme point

eéﬁbp@towrare%&mld SRring| Hadwri N.Me\ﬁ%@w, igreinviacorporated by
o RS, Aol ML AR ERLb orBlad s, BUERIAsCPGR gre used to

megidiitategehe isemtiencef the CYFBRREnGSdIAgS BNERNPEGR Mthods are
neonyci n gene sel ectabl e marker can be used for :
péRvieved bydiqves Soft k.ol 9PAshgHiapaticidver)) Newrebigk ddR8-111.
resi stance gene confers a survival advantage to a cell
cultured in the presence of neonycin or 41 . O her

eXaoptdisg ¢d anethec titbiratine, lsyntietivechesmicahnethods majebe used to
tgsn h%rs}zegﬁ\%eC/EBPa gene molecule. Thus, for example, the well-known

phosphodiester or phosphotriester methods may be used.

The first region of the DNA construct of the invention has homology with the
sequence of an endogenous tumour-specific promoter of a gene locus. The
second region of the DNA construct is a region having homology with a region
within the tumour-specific promoter gene locus that lies downstream of the
tumour-specific promoter. VVithin the DNA construct, this second region of the
DNA construct lies downstream of the C/EBPa gene.

Usually, the promoter locus would include all of the gene regulatory elements

upstream (3') of the coding sequence. For the second region of homology (the



the tk gene (preferably the MCltk cassette, that is,
the Herpes Sinplex Virus type 1 thym di ne kinase), the

wopiosio4mene ( Thomas, K R et a!'., 1987, Cell PCT/SG2004/000364
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51:503-512; Mansour, S. L. et al., 1988, Nature

336: 348-352, both herein incorporated by reference),

or other genes which confer resistance to am no acid
or nucl eosi de anal ogs, or anti®otics, etc. The

sel ectabl e or detectabl el9 marker gene may bg any gene
whi ch can conpl enent for a recogni zabl e cellul ar
deficiency. Mist preferably, the DNA construct may

ceggish witHinthé §and986uSERUS eRTehRPRR Bs®fa hORBRIJO8 sequence
sel ection" as as "positive selection,” such as

wel |
t fRatt is génleash &00ehasedaithyondli ofe latigess d heo purpesehmft the two
g9 QYo hj phod, i ,
? PSS PERARe (S YR0 ARG, DI, BRRSESR, BFEs o npgtt, construet
arseqfabrhceg intQ tiesvgiemoneeli T oo ot<atsr g Hfh’@(ﬂn_dguiombli@gy, the more
unagbl.e to grow in media containing nucl egsi de anal ogs
s@%ﬁ"%@ @@"gezg%"ﬁﬁ”agn%‘?@pk?%rt'f@agbq gvengjpn’segongtruct, particular
1 t 1 4 = 2:32) IeS; t ai :
ach SHiBhep Bt dodin)of AEP SRR, T iBpgs believed to
prrestait additiogandiyle| gene regulsiony EEEmergsnt s
(G phart-Gassler, M et al., 1989, Mitat. Res.
214: 223-232). Cells which express an active HPRT

eMhERrsfiMdUadl FegivhsVea behenddcrs B Haval h&Rblddyto suitable
nucl eosi de anal ogs (Such as 6- thioguanine,

geadagenous: mammaline praepiers ui.eapeombtearst thagrase inore active in

TSP LB, R 0 Bl POSPRAIS BPouph  grr e

f ahd Jd-fetepiotsia S(AFP p@roMpté?Rhec Ay B e bormbid @hé Ccathepsin E
grow in nedia containing HATG but are resistant to
aRsPBgters bl 416 Muscduianiraesrtandpiameoter kethe gamma-glutamyl

( 'BHe‘?E%@'pq?mater, W C?l\%t@‘lp ROEPOF tHé hikd© 'gfégably,qﬂ% first and

construct according o R ThVentT oR-can
i secomd cegionsitod tike d@NA, conmstriest dimvbechambioggt witly tiee AFP promoter

prol,iferating somatjc_cell, a pluripotent stemcell or
afNdRIq9IQN wﬂhwﬂ%)\év I96YS-net hod whi ch al | ows t he
i ntroduced nol ecul e to undergo reconbi nation at its

reT%i ons of honol ogy. Exanpl es of such standard net hods
arl@eefiest t angph @egondnregivos odfhheoalogy vith dhenepthoggritse tumour-

t ranst.or i and_the |] After. transfor e he

c &PPENE: 48, M Bt kel By, WL Brartlly S 1S DNR Frolecue

t icnsdingt ENEBPuhIthdwy girsteandv edeaHt régions’ atediddandicated as

positive sel ectabl e marker .
upstream” and “downstream” sequences, respectively, as they are
positioned, in the DNA construct, upstream and downstream to the DNA
molecule encoding the exogenous C/EBPa of interest. The upstream and
downstream sequences allow the positioning of the DNA molecule encoding
the exogenous C/EBPa of interest into the endogenous tumour-specific locus
(for example, into the AFP locus) and in particular to be under the control of
the endogenous tumour-specific promoter (ex. AFP promoter). The positions
of the upstream and downstream regions and the DNA molecule encoding

C/EBP are shown in Figure 1.



gene sequence. The culturing conditions are then
al tered, such that they can sel ect agai nst recipient

w@edosm430nt have acquired the negative gene. APQDSGL004/800364
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and negative selection may al so be acconpli shed

si mul taneously. Since all of 20 these sequences are
present on the sanme targeting vector nolecule, such
dual selection requires a recontdi nati onal event to
occur. The survivors of the selection are then
screened either for the function of the chronosonal
allele, or nore preferably, by Southern blot analysis

f oBuﬁalniae@/EBlemm AR seejuasticatl eanmyek ﬁfe;%@a from Stratagene’s
i ntroduced into the chronosonal

> TTHAURS T et Bofents bibaiar Aty airlon Ao T3).

i ncorporat ed the desired DNA nol ecul e (for exanpl e by
selection for (41 resistant cell), the cells are
culberfetsl @mmbrxrhtenmresfehmpeotélntwmntm O@lﬂl&éﬁs@bﬂ\ prlmarlly in the

VaP T v O ap RS TRRY €.t @Al 1958upry. Bit.102:51-60;

ha@.e;lauaﬁermome bhe Apgievrs YGCW’OW%@ OEWIB@V?MZ 549-554). AFP
Direct screening of clones, use of PCR

hymesaenaar RNAJE sietectakledn. thesyepatic frimendi wghich fam on the 10th
h t of t
L188 BrRed.call iR GRSt e Bl )y Kncrens,

usléd 1&83d|EMBt(Dm 1286.40-554 N $CHLfivia, mnophuwdg@y mBeAt/as of Mouse
éﬁ%&em C EBP fromthe endogenous C/'EBP a for

PeeRic AsgdarmieRiessk sExpression eaalyenm the fetal liver

t P
L (e
t Hﬂomﬁjialt H88ds Oewt BRER1@2151G?O) eQ'BEI AFPQsrennsE r@(tpres,SIon pattern

estlon tionin a tag incorporatin
SEAE Pl CURBE'Y R0iesin i e rlveb by e biays whers C/EBPa
CCleNAW“é detedtiisiel gl 88} 11@N béal%“ﬂé@g'tﬁb R P blrtﬂ_hgnd then also

DNA construct of the invention nma ncor por
| rAreprs @dtes birb | (BikerweieThE .t Hr, mt\,aict‘rﬁﬁg a@eneﬁd)éver&ﬂ 16-1146;

| SROLGot b RS pepmipd Lo Pl oS o ol ecule

transformati on, el ectroporatl on, transfection, or the

"Aﬁfﬁ?’ and/ or propagated (i.e. rqﬁllcated) in a
ar YRSEipdon e DRENFb remeem iPr eeadett; in contrast, C/EBPa

gglgi;%l%gﬁg?ﬁ ri$88 tQ bimhRHUAY i T HE SUEAI 8RtrD RS adult stage of

development at six weeks of age (Darlington, G. J., et al., 1995, Curr. Opinion
Genet. Dev. 5:565-570). The increased production of C/EBPa in adulthood is
consistent with the decreased rate of hepatocyte proliferation at this stage.
Interestingly, during periods of coerced hepatic cell division such as in partial
hepatectomies and tumourigenesis, C/EBPa transcription becomes
suppressed while AFP expression becomes reactivated (Mischoulon, D., et
al., 1992, Mol. Cell. Biol. 12:2553-2560; Tomizawa, M., et al., 1998, Biochem.
Biophys. Res. Comm. 249:1-5).

This inverse relationship in gene activation between C/EBPa and AFP

represents an ideal condition for artificially expressing C/EBPa under the



replication in E. coli such as, for exanple, pBR322,
Col EI , pSC10l1 , pACYC 184, piVX. Such plasm ds are,

wo ooosexnpl e, di scl osed by Sanbrook, J. and RUBGESG2004/000364
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D.W, 2001, In: Mlecular Coning, A Laboratory

Manual , 3rd Ed., Cold Spring Harbor Press, Cold Spring

Har bor, N. Y. Bacillus plasmds include pCl94, pC221,

pT127, and the like if desired,8 yeast and fungal

vectors may be used. Exanples of suitable yeast

vectors include the yeast 2-micron circle, the

expressi on plasm ds YEP13, YCP and YRP, etc., or their
gzm%w@@neﬁ% kof méwwgeﬁéqn\@ﬁaér {G@Mnstlcryaa‘w a&tan inhibitor

stein, D., et al Mam Witr. Synp.

9f hasourrPWHERLFRY shesicalhingduras casinegenesie

di scl osed by Sanbrook, J. and Russel D.W, 2001 , as

above. The O EBPa- encodi ng sequences nay be expr essed

| Acoeardimd toeaa ptadekred arpbodineerdatheofiist andaeebad regions of the DNA

(especi al | eukaryotic viral or retroviral vector

T?B%téulcrtyofy ﬂl?cm\«?@élpar Ba\é@ degiogiewith thenengegenpus himan or
?%ﬂhﬁélyﬂFPC Fcﬁﬂbfefoéf gnéello‘éﬁéa%‘llcter % rdo Trléahh%tequence

ropaga lon O ector I'n
besgieadwlitlyinatium rgenes Hedus nAccdedingly, reith |sianéanch gene targeting
m%l ian cells, howeve the vectors wi
c

| ]
R, F SISIB RV Bh the ErPSsnclise CTEBPPCARggene s placed

Epabel thePasrtrdli ditfie é?%gé‘?\omﬂhbhﬂﬁﬁl ‘ﬁ'uh#’aSn or non- human animal,
parvovi rus, adenovirus, EAgapow rus (i. SV40 o

pwmouﬁsmmmmpromot&nr@mg‘k vamotax)etm cmatea a;ettsort@ knock-in

i nd of _ex Si t.o rising the
e Btet e it SaRrile: BF T RACEHE seOgpbls ChEBPa at a fime
e%lﬂfeﬁ?éﬁt' A6mVerd endbgehbes IBIEBPARFCelAnpRe, 38REN the exogenous
targBtl ng plasmd disclosed in Figure 2 and Fi gure

Punieansgenesisi piaced atnsier dae somitrel of the radpgeres 6\5 P gene

TR R 3 e, 197 S4 e A RIRBFTF Bt SR Shofi s, e
negbgenouteCHEBRarS ¢ravfscribed FEIMCQIIN}F tiNe ddtisl Hver shawime pomt
in SEQD NGO 1 and SEQ D NGO 2.2 2 The DNA construct or

e?ﬁf'&éh%hn%‘&%ﬁs we &Sdﬂr?@VP!PH"P@“Vvaé'mQLHrPeHﬁI ows
the positioning of the exogenous C/ EBPa inside the

Ch‘h@"@ﬂﬁ”@orﬁfﬁrdct‘%f BRS inveition M%‘f'&;aby”ﬁrﬂ@?tdo%plﬁest Qleleast one

host ce ogenous t unour - speci pr onot er
Pselestatiie ymarkeeg®MAsequeneaict conpri ses the upstream
and downstream

As dominant gene sequence, the neomycin gene selectable marker can be
used for positive selection (for instance PGKneo). The neomycin resistance
gene confers a survival advantage to a cell cultured in the presence of
neomycin or G418.

Other examples of selectable marker gene sequences include the hprt gene,
the tk gene (preferably the MC1tk cassette, that is, the Herpes Simplex Virus
type 1 fhymidine kinase), the nptll gene (Thomas, K. R. et al., 1987, Cell
51:503-512; Mansour, S. L. et al., 1988, Nature 336:348-352, both herein
incorporated by reference), or other genes which confer resistance to amino

acid or nucleoside analogs, or antibiotics, etc. The selectable or detectable



regi ons honol ogous to the AFP pronoter and gene |ocus.
Usi ng standard gene targeting techniques, for exanple

w@goodesond bed in A L. Joyner's Cene Targeti ngPCHSG2004/000364
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Practical Approach, 1993, Oxford University Press, a
si ngl ecopy of the exogenous C/ EBPa transgene is placed
under the control of the endogenous human or ani nal

t umour - speci fic pronoter (ex. ABP promoter) to create
a mamal i an host cell or a knock-in non-hunman ani nal
capabl e of produci ng exogenous C/ EBPa at a tine
different fromthe endogenous C/ EBPa. For exanpl e,

whaarkenegene gemobe ahERRNe thiﬁgﬂnﬁcbmtpnérﬂéﬁﬂ tfmﬂd?fecogmzable
| .,of th d ene to create or

teﬂ%léﬁfméé e IO SIRTERK. ﬁ\e é\eccarasf BiGh meneontain flanking
04t UenEBE %a Sbie "H?S‘Hé Eﬂl&?" Iéé 'Wel‘ h§s "positive

fe al Iiver at at nme pol nt |er an nor mal
weﬁelle%t@ﬁ, sdetv eéisofhientk generthatn&nﬂodeelﬂhymldﬁmeomdaw, bp the hprt

B LT 2 Ehende o PSRRI CrfioREhAgben harsierase.  Cell
C Cm@réwhg Qicti@@ytl*@l(rﬂﬂ Fﬁ%s kPBsae ‘éﬂfé’ ratﬂé CR ghdig |h°n4%ﬁanacontaining

i nvention. The host cell is preferably a”manmal

orHARGHRUL @s¢ |unghie tﬁag@vmnremedia 9Qnta|mregpafnmtgdsaie @halogs such
{
o Sy AAETGRAE b b R o R M et e 2 10:220-202).

t Wedlsr contisingnan cadtive ASCHdi desiley aréhﬁ?\c'a éﬁlét loPyrowing in the
provi des mour -resji stant cells in which the exogenous

C/RERRERCS pﬁ.g@ggmloylg of sdilan @genys  Sinhart-Gassleasy M.het al., 1989,

OIS 25 20 CLAE MO B L, ppme ar

end‘@@&wcb@sgr@lvEEPﬁ\e :pre!e&‘uﬂmnedofofcfegtaurlnIrtutglzaﬁdstr']tﬂ?J atnalogs (SlLllCh as 6-
f and inhibiting ce

orBeSRapte; Jhafap Gt Agty e 5@@?&%9@%@ @ tesEow in media

l @prl@#ﬁéﬁeﬂm\ﬁitﬁ h‘PlATPSthﬁJ éwLebat ol QNS Sthymidine).

is only produced in tra S rén ering
t Keanviesssly pealisevhichtfainte expresssas antide ¢4PRTrerggmes age unable to

OO P RPN ier BT Bk ATBp(esstant &g -aiiegs such as 6-
he!magaauheSaﬁ@Meanm (attiehield CUERR, agmoshrén'&eaMse‘K@sa 710).

coul d be used to provide transpl ant patients wt
cell source that is nore resistant to tunourigenesis

| evellﬁﬂ?’%ng{tﬂg‘éf%%%ﬁgbg ﬁe;iﬁ?%p Y &t BE iRALLSXd Rito 2 cell, for
example a hepatocyte, a proliferating somatic cell, a pluripotent stem cell or
an adult stem céll, by ény method which allows the introduced molecule to
undergo recombination at its regions of homology. Examples of such standard
methods  are electroporation, microinjection,  calcium  phosphate

transformation and the like.

After transformation, the cells are cultured in medium that selects for
transfectants that have received and integrated the positive selectable marker
gene sequence. The culturing conditions are then altered, such that they can
select against recipient cells that have acquired the negative gene. A positive -

and negative selection may also be accomplished simultaneously. Since all of



liver cancer. Additionally, the tunour-resistant
hepat ocytes al so can be used to popul ate bioartificial

wo 2004yt ens. The tunour-resi stant hepat ocyt BGT/B6G2004/000364
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such a systemwould be less likely to secrete harnful

tunouri geni c substances into the body of the patient

t han non-transfected hepatocytes in traditiona

bioartificial systenms. The turdur-resistant host cel

of the invention may be a single cell, a cell culture,

a cell aggregate or a cell graft for transplant. The

tunour -resi stant host cell nmay also be isolated from

Kiesde 58giefcdiuaRN pRttieilon AREidanesl thdyetiRg ¥&%or molecule, such
construct or expression vector of the’invention as

didsial erledtiareresmiresiggecambimatienal svent theeeurcel | may

al so be isolated from human or nonhuman ani nal

pl uri potent enbryonic (ES) or adult stemcells

t Taesigeivers oi the ddiectidifareotisdr seicepbdaithee 961 the function of the
vector. Such mgansfected enbréonic or adult stemcells
m&praseosraal akele.nelr meYe Prefiasglive Pyt 20Whems Sipt analysigdor clones

[ ian. , .
058 le pEROBPIE RlarRer 6 8REAIERRE AT EES oA o the
f chramesqgrhal allelsran or ani mal ES or adult stemcells,

of a normal karyotype and capabl e of continued

o et SFIRRtIOR ot e M BNy oereSTea S ceireaRgRA molecule

e¥f@ﬁ@x§méﬂé“bzesé1’&§dbhi eG4 18 @&i@ta?ﬂ%eﬂgothé&l[s are cultured, and
6, 200, 806, US2001024825 or US2003008392 (herein

i i myesencsl obythe eintrpduesd . DNAs gnaleovteois Tonfisnedlag described

L 8BBue RGE B 10! idt5008t 8 Mo CRBTRIYAPELRE i v
aunderyond thatiretiatosabipisiicrei @0 R Dirdd IscidbniRg @f Slones, use
399-404 (both of them herein incorporated

b .
r &f dtehceyse ?ﬁé}ybé'gﬁaﬁpgoPBébQ%egthyofnﬁW@”p%@pamwﬂd for this
ohuperg&résgeni c animals, as explained bel ow The

i Avent1 on provi des a mamal i an, human or non- human

ani mal , hepatocyte graft for admnistration to an area

i MhecNAotonsteuct of dne inwenéiar mayhalscetdraprse tameidentification (ID)

hepat o e.graft are. . fumur-resistant cel]s an .

oD BT i B, BT FRpEctbeRtackinet TRy Geatransgenic

MayEBP caffomUihe HrfdgeAbus IG/EBRG tmRNAS FoP RIS Hysirfroducing a

process for preparing a hepatocyte graft for _

abaveli restrigtiopenzyme site into the sequence, the transgenic C/EBPa cDNA
can be distinguished from the endogenous gene product through the use of
PCR and/or restriction enzyme digestion. The positioning of an ID tag
incorporating a novel HinDIII site in one embodiment of the DNA construct of

the invention is shown in Figure 1.

The DNA construct of the invention may be incorporated into vector
molecules. The term vector, as used herein is intended to denote any viral or
plasmid molecule that is capable of being introduced (as by transformation,
electroporation, transfection, or the like) and/or propagated (i.e. replicated) in
a pquaryotic or eukaryotic cell.



to an area in need of transplant, wherein the process
conpri ses maki ng the hepatocytes of the graft

wao oveiesonesi st ant by transfecting these hepat orgI/862004/000364
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with the DNA construct of the invention. Further, it
is provided a nethod for transplanting hepatocytes,
hepat ocyte aggregates o r hepatocyte grafts,

conpri sing preparing hepatocytds, hepatocyte
aggregates or hepatocyte grafts nodified with the DNA
construct of the invention, and transplanting the
nodi fi ed prepared hepatocytes, hepatocyte aggregates

oprdfepat opikangtial Vectbes aiﬁc@ﬁ@aplersnﬂ@@dem ta’samea@bpable of
According to another aspect, it lgrow ded a net

od
ofeplicatien ﬁgEc@ﬁb@MchrasTaf@mxamnjmn 83230ﬁ>qlﬁuham80101 pACYC

29kAbo "0SE pBRATES S, ERaFhR 6oLy Hy*safybSk J. and

cezrmsgémwofzomem M@Iebum Clonfrag 1A Léﬂjtﬁratcsryemaﬁual 3rd Ed Cold
rel ationship in gene actijvation betv§en C/ EBP and

pPesRat Hather; dess. {otldt SeRngoHaghern .o aBﬁg;I"@&pQ'a%@idﬁ; include
Céé%wgégfmt pﬁﬁ?géﬂcﬂlﬁ’é Yiké! ﬁ%%atg sﬁ%rﬁf kUt Srelfors may

ppress hepati ¢ t'unour growt
chemsedrrExQnH@@)s ofssuwtable yeaskveaists inolmdertheareast 2-icron circle,

ee \egg(ﬁléﬂ%s%rﬁgg%%i@% c%ﬁgﬁ'gs %ﬁga é ﬁggr égNakat fheir derivatives.
3@@6&) léén%@ ar@mummﬁ innghef fartC(mgtewaDt i & 88, @D82, Miami
transpl ant ab livers, alternatives for intact tissue

t Mﬁs@mpaﬂ%ﬁ&%ﬂé Hesamalasepbmemmatian yeaigre are gisplosed by

3 SRR . FBRE AT B0bT i &hel®e 40 ot ons the

use of bioartificial livers. A major concern regarding
these alternatives is the potential of the cells in
t 188eCARIP ewincrdingnseAYsNeRD pRaY the: expEassedr inmmapmalian cells,

Zgggﬁggé@gﬁﬁ&@%@f&gﬁbgﬁggf&ﬂ? beg Bﬁé'\ﬁﬂ’éﬁ% RREroViral vector).

ers to th ent ; |gnant cell's n
biTgpically,i smcm vectoes saral@@slgmed;etntmslmxdeoasprpkabjosbxnsraﬁcon and

| SPBCIEHIE BRsireh S Gttt e oD AGBKian, R herdsor i ioterial cells
h@RAt BE YicRdily 2ASRInmRisHd O Nratdet %r?éﬁlic%'té" in! hYeﬁﬁmahan cells,

systens, genetic nodifications in hepatocytes
mhoivever théyeotarsiwikalso contaimauvitaj eepkidan, aue:hrmgthqrephcon of

dﬁi’ﬁt‘f‘f‘ :Be A@ﬁfosagbog\ﬁi?gusaplﬁgfxﬁe ;\q? SSD epai'vowrus, adenovirus, or

papovirus (i.e. SV40 or polyoma virus).

Accordingly, the invention relates to any kind of expression vector comprising
the DNA construct of the invention.

An example of an expression vector is the mouse AFP-C/EBPa gene
targeting plasmid disclosed in Figure 2 and Figure 3A-C. The expression
vector according to the invention may comprise or consist of the plasmid
construct of Figure 2 and Figure 3A-C‘. Essential portions of the nucleotide
sequence of the plasmid APFO(NeoTK are shown in SEQ ID NO:1 and SEQ ID
NO:2.



hepat ocyte cul tures or hepatocyte aggregates prepared
according to any enbodi nent of the invention for use

wo poobiogsus i ficial livers (also known as hepat oRgI/8G2004/000364
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bi oreactors). Hepatocyte bioreactors or bioartificial

livers are known in the art (for exanple as discl osed

in US 5,270,192 herein incorporated by reference). A

hepat ocyt e bi oreactor or bioar22ficial |iver may

conpri se a contai nnent vessel having a perfusion inlet

and a perfusion outlet; a matrix within the

contai nnent vessel so as to entrap hepatocyte

aggregates within the contai nnent vessel while

al L owi_ng perfusion of the matrix. Exanples of

bi i PNA eongtryct\ns expression Yertonacgerdigg do the invention allows the

_ . é - ¢ ;
SRRl bR BT 50 VRN o R st co,
Liunsler Slhlg(p) cohtrSly sif di;\IE( BhéiS(:alel) )encﬂix'\g@m?lslvﬁdﬁrmhspbbmc; promoter.
LI VE S ni nc. ;. ar

B PIetgP o D% DINA Oraueh s ieied sihe iasreamyanghgqunstream
QiR . A \ oy
CregRs RS ggRscZhe M RS 1, O 6 Using standar
c geser iacgetvfg teahniquesn foroexamel e asf desudnibedi inoh at_edoyner's Gene

EER A P ALERLAaBioRRR TP (IR R erityobtess, a single-
Caldpy dtethb\bdenois Wﬂwwtrbxwgénbps Hl58ed nﬂ'ugatr?e bbﬁgm of the

the cells experience a significantly greater degree o
grefficgenaus humashor arimah timeur-speciicematap@se AR promoter) to

c leal |y e . i.s one.of

CREEHESS PG R TP OB il e of
Hepadudingy exSferust ZIEBPQ) at T sined sdifferint Oftofl 386 S kAdogenous
th g{Bi?he ul tured knock-in 1iver cells possess a )

ordBERCL EQF SHare Whennwer exegespys (hdBRertiensgangels placed
C 0 e Y 0

iy AELROITA ERSqnu kP L 18, Al for oxampe,
pr(yﬁaﬂﬂ ggha_riHLoc:kfihernt)s?@lstrpinenﬁteuefmf)gmhm EIE'I?FEG is transcribed
associ.at ed. wt i ver glycogen-insufficiency. e _
capREIESTY i 9 fefel iver atva e molg) pedisednag nsr@zbes wel as in
t iR vBRIPIMERINE tBmdiRicd)e hepatocytes. Normal

hepat ocytes do not gain this ability until near the
time of birth. As described later, the present authors
ha\asording dotan@ther aspect, the invention relates to a host cell, preferably a

eukaryotic cell, comprising the DNA construct or any expression vector
according to the invention. The host cell is preferably a mammal, human or
animal cell and more preferably, a hepatocyte.

The host cell transfected with the DNA construét or expression vector of the
invention is indicated as a tumour-resistant cell.

Accordingly, the invention provides tumour-resistant cells in which the
exogenous C/EBPa fransgene is specifically transcribed by the endogenous
tumour-specific promoter, which is reactivated in tumours (where the normal
expression of endogenous .C/EBPa is turned off) initiating transcription of

exogenous C/EBPa and inhibiting cell proliferation. Accordingly, the



birth, the C EBP gene knock-in mce devel op conpletely
normal |y and exhibit no adverse effects fromcarrying

wao b@sQiBBPa t ransgene. Accordingly, if the acceCEsG200d000364
mat urati on of hepatocytes is introduced into
prematurely born human infants or prematurely born
non- human animals, a | arge portlon of the synptons
rel ated to energy insufficiency 23n the premature
infants or animals would be alleviated. This goal is
achi eved by adm nistering to, injecting into, or
transfecting the liver of a premature infant or
anPregenaisobd P ayimrodused setoctiat Rdstéélls Witkiethe DNA construct is

I gep-insufficiency, th the AFP-C/ EBP a construct
of SifiaBloduee b o %fé&?egnhetHaW%%trﬁaﬁeangtH@nDNﬂss prone to
COﬂﬁﬁdsulfgene@@aﬁﬁet%‘b%ﬁén%@fh%noHo %l”ﬁéﬁatocytes Such tumour-

accelerates the naturation process 0
untRsi @%Wﬂ@e@m usefud fOIFtlranmarTboetheIapy.cFoNekampleofhepatocytes

th 7 speci fi the fetal |iver,
5| nEoffaid MR GERE kiRRah' afaie Al beotfed viupivids transplant
r epatidnts r\Nllthmrm@Hd sCURRP tRAP 1L T8N re M At t%hﬁ:mom enesis than
P a construct of the invention can useJq n

AFP- C/
a %%WBSE Ner ealls apg thus givgyihe Qahemfcmie\lleé pépoctection against future
of Vet AR L AR, Rt tere RISt hRatbERSS A pn be used
vvoial populpter biartificiat livenkystefns: anmﬁr ﬂkfﬁoﬁﬁ?és‘ist‘é/hf rPu%}%tatocy’ces in
rmal cells because the majority of

10 ﬁ%‘%‘r %e?“sgemeél\é‘?wgatt@ tIges alikelyr trosesretei h@rmlfut nimllmoungemc
c g t hera
t ﬁéedt%;egf:bg??ih %@‘?{YOBP HY g‘éhgrﬁt ?‘ﬁé‘ ﬁﬁr‘f -fran fﬁg?gg hepatocytes in

pr’féafﬁﬁfmﬂwbiaartmmahswen’rxio a suitable vector, nost
preferably viral or retroviral vectors are errpl oyed

ot PhfoBtf<Ent RoRTeR, ot buish 'aﬁéwvéﬁié’é}swg@ cell, a cel

Fi
17(%1:!’[3!'3373@82&5" aﬁre%‘alt@br a ch-:Q%dfa(fettfé1;1 rgﬁ&ﬂ%%z cene

. -294; Porgador, A et al., 1992, Cane. Res.
15 5ol thG %ggmsmhmr(@ll may@lsabe. lsqjaw frdlncknodksindson-human

Rehimal:: l%%a?ﬂeézbs}g thd rtg\lﬂ[éd}fﬁtﬁlc?ér exp ensz%r% Ia}g&a of%e invention

di scl osed by
Biast disclapsd b&aven Pr ess, Ny, 1987), and simlar texts.
Di scl osures of the net hods and uses for gene therapy

a6 o daGs SRR, SSleial s o8 easedione hogrard o non-

( ho@fhn anikesll fitrip otent embryonic (ES) or adult stem cells transfected with

20  the DNA construct of expression vector. Such transfected embryonic or adult
stem cells may be used in therapy to regenerate a tissue or organ in need of
transplant or regeneration. Any ES or adult stem cells known in the art can be
used. They can be, for example, human or animal ES or adult stem cells, of a
normal karyotype and capable of continued proliferation in an undifferentiated

25 state or capable of differentiating into a specifié tissue cell. For example,
those described in US 5,843,780, US 6,200,806, US2001024825 or
US2003008392 (herein incorporated by reference). Also Thomson J., et al.,
1995, P'roceedings of the National Academy of Sciences of USA, Vol.92,



F. D. (In: Biotechnol ogy, A Conprehensive Treatise,
volunme 7B, Gene Technol ogy, VCH Publishers, Inc. NY,

wW@p038e0458 (1989)); all of which references aPEr/SG2004/000364

i ncorporated herein by reference. Such gene therapy

can be provided to a recipient in order to treat (i.e.

suppress or attenuate) an existing condition, or to

provi de a prophyl actic gene the%%py to individuals

who, due to inherited genetic nutations, or somatic

cell mnmutation, contain cells having inpaired gene

expression (for exanple, only a single functiona

gl el 'y 6844 84¢, EM@BG%)B.% ehdsll Q&(Mg;%%%@ct\]gf@e (rjéﬁ?étechnology,
Q t eljver t exogenaqus - encodi ng

coyBLR s SrE %4 Bth ALl ReTao menspetated bugeisrance).

directly into the recipient's portal vein). The nature

of_the blood flowto the liver nakes it |ikely that

an{N&\:6a Alsge bewusesdfo ithe prapasstiomiof transgenitlantagk. &e explained

resdide W thin the hepatocytes and tunours of the

liver, but is unlikely to extend outside of that organ

to other tissues. n sum the vectors are likely to

beblwereinventipne Provideshea | meimbiigs UehiMihas D of ERYRSH AT animal,

. fiJter faqr th ody. n.a simlar manner as above,
cd?f’sﬂart%ﬁg QE@EE garr%%"ﬁstraiw thagigres iprieeast of transplant, wherein
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mat urati on of under ope ung
i iiNGvasnsguct iof the tnventjion) Thy grdft hidyend an duUieg@ft or allograft,
t

infants as well as to treat pul nonary cancer 1n adul

h animal s. _Sone bronoters ich may be used in _
o4 OREYBRY P pegass.for arepa m%\é\{hwt@%@ gsaih dei administration
arte:arCRRH pasltednof RhRSSEAY iRitE| PlesE SOt i
sReci fic enol ase), and%g( car%{rﬂg)eengr yor?lgc an‘?iI geesnrjn_aklng the

Cyde i thengraft tumeur-rasistanbbyr ehnsfesting thése hepatocytes

PRG L <. [op-kuman ani mal s, preferably-
PAARIDRA, bnsiRG & il AVBRHORNA aonertr uet or
emi on vector of the invention. The present

i r i inapeoddedesshethog fisrettaggplahting SPAEEES gh?patocyte
processes to create a %}EBPa gene knock-1n nouse node

tﬁ§§ PRsHs (RBAOWEPa Iafhhs geamBPEpiagi f PreRRringi rhepatocytes,
| inepataestd aghhegatll haBERkt - 0

| nepeicestd Socpedalbt Aebalibntlarihe HBAARENIRT tHEDNA consiruct
t 8¢ hitieg deventian,d@oer ittarsplanting. the thoyified sprépased hepatocytes,

TABBSIINE agyFSRbS %?lheﬁgpc{c%é: Br‘a sgt%sén %(efaoirndneed of transplant.

According to another aspect, it is provided a method of treating cancer in
mammal, human or non-human animals, whose cancers produce elevated
levels of AFP comprising treating the mammal cancer with the DNA construct
of the invention. In fact, the inverse relationship in gene activation between
C/EBPa and AFP presents an ideal solution for artificially expressing C/EBPa

under the regulatory elements of the AFP gene to suppress hepatic tumour
growth.

Hepatocellular carcinoma (HCC) is one of the most common cancers in the

world and its prognosis remains poor (Nakatsura T., et al., 2003, Biochem



Uni versity Press) enabled the present authors to place
a single copy of the U EBP a transgene under the

wo egalstordn of one of the two endogenous al |l el BGT/BG20041800364
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nouse AFP gene pronoter. However, as already
mentioned, other29 tumour-specific pronoters other
than the AFP pronoter may be used. Al so other knock-in
non- human ani mal s ot her than nmi%% can be creat ed.
Knock-in non-hunman ani nal s can be prepared according
to any standard technique known in the art. An outline
of an exanple of the preparation of knock-in mce is

shBiephys RbgtﬁMuﬁ[héOB{\i{%’rﬁmS)r lBﬁcfan% @fph@@‘ﬁ%i_@ﬁt quantities of
di t ent of e invention
cArATRPGEERDIE s calfRriptivas fsminiict dissuR dranspiansation have been
' r \V t :
Prugmepel RN bl RAGETS! (UELRBHEAR K81 . ot o
r etiQ5l ehiMaldVied, 7916d7e83M) andsrfor ghorit ¢ usations( teSUse of bioartificial

' o J.,..In: Cu t
CMGERT BB o JE0RaTne BPse Aitetasiieaiie, inp patential of the

(asblis, ifCohebeSRYsiRend a6 Qﬁfde?@@%op%t% PR BEMERE R O Fransplanted
N.Y. (1989), pp. 39-44, whicCh reference is

i mepaepyiesdthas haoents malignash ose aindous alemers éal the recipient;

i . 3 . cul t. d i ' j . manner
Ekﬂéﬁgﬁ%ﬁt{‘:ﬁ?‘flgl ltln ?%égﬁtﬁl,c?eﬂ/: ﬁlgér%etallsgq Yél'\é%ﬁpb Ps&‘a}lous problems as
29amtiiidesfic FASRES )mbyp Hersecretéd a5 HRYH calld iMto- tH"Body of the
ES cel | rqag be used in accordance with the present
irR?z' ton] tregg

il ce fiooRs disks jn depaiaayte dranselaptationr gnd bioartificial

67 R LEEYS, RTEHY S, EGRHUSESY e e
0roco8?IRe0FIamatitigeasisi aredvigioly alesitable. r ef er ence) .
Al so Thonson J., et al., 1995, Proceedings of the

el BB et sgREL sitels dhetfoT® Rgpyidedopimour-resistant
Naric ' aggre 97 0 :
theméﬁgﬂ?ﬁeﬁmnﬁg_gféqeﬁt%éﬁ?ef er eﬁgte%)%. pS C ré?s%%ac? élsng to any
n@nRedine @Bttberiétdeﬁilfbl@o%r yser tmbéoestificial $vers Gdso Heown as
CHE gﬁ%& leilﬂgre%ic g sed by Robertson, E. J., In:

Cur |p en 360 gch'

nunications in Ml ecul ar Biol ogy, Capecchi,
M R (ed.), Cold Spring Harbor Press, Col d30 Spring

Hatdpatocitebiofdzadsis, opbioadifickd)ivery afd RbWASN Eh&BA (for example
| Ségld%tsic%gegfin IE% %?5%05:192 herein incorporated by reference).

A hepatocyte bioreactor or bioartificial liver may comprise a containment
vessel having a perfusion inlet and a perfusion outlet; a matrix within the
containment vessel so as to entrap hepatocyte aggregates within the
containment vessel while allowing perfusion of the matrix. Examples of
bioartificial livers known in the art are: Extracorporeal Liver Assist Device
(ELAD®), Vitagen; HepatAssist 2000, Circle Biomedical; Bioartificial Liver
Support System (BLSS®), Excorp Medical, Inc.: LIVERX2000 System,

Algenix Inc.; Modular Extracorporeal Liver System (MEL®), Charite Virchow
Clinic Berlin, etc.



fromthe CCE cell line (Schwartzberg, P. A et al.,
Sci ence 246:799-803 (1989), which reference is

w0 psnposnt ed herein by reference). Such cl onaPCT/SG2004/000364
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i sol ati on may be acconplished according to the nethod
of E. J. Robertson (In: Teratocarci nomas and Enbryonic
Stem Cel ls: A Practical Approach, (E. J. Robertson
Ed.), IRL Press, Oxford, 1987)2&hich reference and

nmet hod are incorporated herein by reference. The

pur pose of such clonal propagation is to obtain ES
cells which have a greater efficiency for

dﬂ?\%@ﬁb&iﬁtémdﬂtﬁlléﬂpﬁﬂémy hdpetoBHas CraRsfedd with the DNA
conprising the exogenous C/ EB ma& be introduced into
t aensiruet ot bt invantiopy agaypreiambly igalaledalfognsknogk-in animals

[ ndergo reconbination at its
ré‘é‘%%a% ﬁ%ﬁﬁ‘?&%‘g@wer el ectroporation, the ES

cells are cultured in nmediumthat selects for

transfectants that have recejved and integrated e
oEaPRrTe el sl st auiragh REMedd Tusit ST Agrived fom newborn
C i Neie R dche:

cKnbEK i iE8 HibaRthaf e LA STpIRIRS A SHERCARY (rofter degree
t bé grewyth iinaibitienetitanonotypak celfhwheor expages] ¢d chaotically induced

S tjon are _then screened either.for the Lon qf

t ﬁﬁé & N;§|qag\%ge 5 o%pgt\bg g}ltéqtg.};ﬁ 9f I—@ft(éraletol\/l., et al.,
Spubber Hephfflod)2BBE3)S6INE30). ONThid ohMarédtidhSuggests that the
sel ect abl e marker gene sequence has been introduced

i auburate kaeckimdver cells pessesh pogicateralesigthace to Agmeurigenesis
S ' celkl.s which have incorporated the
d@iﬁeﬁéé%m;%lcgg 1e (for exanple by selection for

(418 resistant cells), the cells are cultured, and the
presence of the introduced DNA nol ecul e encodi

e AGERRIE bR i INHENiIhisr 8l PrNTder Neslhied dvioltie treatment

) ¢ L _ SIPTor : .
aéov%.i“‘%ﬁﬁ%oid E‘r%‘%ﬂ@%ﬁﬁ%@g@ﬁ%ﬁgﬁ'ﬁﬁm %mgtﬁiéé?n?ﬁgls associated
i it livier ghpddgenainisaffidiency. under gone t he desi red

reconbi nati on event. Direct screening of31 clones, use
of PCR, use of hybridization probes, etc., may all be

emﬂe%sﬁaéiw té yhtRaLiRO Shd E%réeélyéoqm‘is e the hallmarks of

under gone reconbi nati on nay be used 1o produce
k hoatkré hepatodytamanNormakbepatocyies el 3ot geie tHS abdity gntil near the

?tﬁ% %‘fﬁ%@g: %ﬁs f:ctjglstgﬁggg éﬁ%ri g]rqo E?és‘g%g}ag&hérséuﬁgvea?ou%gothat after
birth, the C/EBPa gene knock-in mice develop completely normally and
exhibit no adVerse effects from carrying the C/EBPa transgene. Accordingly,
if the accelerated maturation of hepatocytes is introduced into prematurely
born human infants or prematurely born non-human animals, a large portion
of the symptoms related to energy insufficiency in the premature infants or
animals would be alleviated. This goal is achieved by administering to,
injecting into, or transfecting the liver of a premature infant or animal, showing
symptoms associated with liver glycogen-insufficiency, with the AFP-C/EBPa.
construct of the invention. Transient transfection of the DNA construct into
premature infants or animals accelerates the maturation process of their
underdeveloped livers. Furthermore, as activation of the AFP promoter is



primary enbryonic fibroblast cells) as described b E
J. Robertson (In: Teratocarcinomas and Enbryonic Stem

wW@r0i05®35043 Practi cal Approach, (E. J. RobertsonpPCESG)004/000364
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IRL Press, Oxford, 1987, pp 71-112), which reference
IS incorporated herein by reference. The stromal
(and/or fibroblast) cells serve to elimnate the
clonal overgrowth of abnormal B% cells. n a preferred
enbodi nent, the present authors have used gene
targeting techniques to place a single-copy C EBPa
transgene under the control of the endogenous nouse

- fsproific db dile (A&Plivege iradvestent erankfectiv g adfendh-WdrEdls would not
gene knock-in nbuse strain. The transgene is expressed

i fesweinfsrnfed, 6YEBBoe@Iression. pri or to endogenous
C/EBPa production and then shuts down at the tine of

ndee bR A PRGIIERRE danstiier T HG Mysbllom G 1% Baed 1t A new gene
Wﬁer’ég?@frét%g?t’%séoﬂnb‘é?rhe Stdtefltlaf 1ﬁ6ﬁfaeﬁ1 humans or animals.

mat uration of "the tissue ing to glycoge
dél'piamiemfotraamfectmn oiidhet BNA boustdua:tnmm Ipttppes withe liver cancer

it sh Fess B B ARY (O s BRSus Eols BaRowt Affecting, pormal cells

Ufb%@abéb ﬂ?éemtaitﬁrty?lw liver BALEOESIL rd VR FHPAPP romoter while
dysfuncti on of human premature infant or prenature

arﬁioﬂﬁﬁbce”ﬂij@ptﬁc&nal ly, C/EBP a is known to be
necessary for maintaining the nontransformed hepatic
phenot ype. Because the AFP pronoter is reactivated in

hepatrderebl pravide ar tgaretherape' for Mies Bhcé¥, BREDNA construct of the
expression is turned off, our32 knock-in mce gave us

a lrﬁMﬁﬂﬁlee D ppisiferamyt Wrt%iuszégtm@/ Espiable \éﬁ@torn imestisefesably, viral
Loy eletbyiRy rVéC(P&%agl’é) rérh@lo\géc‘.f Yor gljﬂiss pﬂ e. n@i?arlﬂﬂfé@nof suitable

ani nal knock I n no |n Vi
plvatfoos, nnfaddmdartblthpsa@érﬁﬁeﬂwt&waoéres arscueggtby Rigidher, F. A.

th r I es urs _t e | d and

&Sﬁ §é§£}l EsSPﬁre@%doﬁ?&f I éﬁg,g&ﬁ‘é] %F’% ef\®r e 1982, Gene
paqrm*zg@ 204, ﬁb‘?@&?é}oﬁebt PN SR, 9995879.8886; Yoshimura,
modei or host cel preferably epatocytes or

prfe @irat y1 2920 biusi. rfetid$ Res 20:3238:8240.i n~ ani nal | may be

used as an in vivo platformfor identifying the types
of carcinogens and the varieties o tunours that can be

iuméig%ﬁrﬁﬁblwosg@ﬁé easePyirediDEIessd 89 OdhbRAMRIRNIA: Principles
of Biotherapy, Raven Press, NY, 1987), and similar texts. Disclosures of the
methods and uses for gene therapy are provided by Boggs, S. S. (Int. J. Cell
Clon. 8:80-96 (1990)); Karson, E. M. (Biol. Reprod. 42:39-49 (1990)); Ledley,
F. D. (In: Biotechnology, A Comprehensive Treatise, volume 7B, Gene
Technology, VCH Publishers, Inc. NY, pp 399-458 (1989)); all of which
references are incorporated herein by reference. Such gene therapy can be
provided to a recipient in order to treat (i.e. suppress or attenuate) an existing
condition, or to provide a prophylactic gene therapy to individuals who, due to
inherited genetic mutations, or somatic cell mutation, contain cells having
impaired gene expression (for example, only a single functional allele of the

C/EBPa gene).



The host cells, i particular hepatocytes or
pneunocytes, derived fromthis knock-in non-human
wa@piosmksonny al so be used as an in vitro assay POF/SG2004/000364
carci nogens that are susceptible to C EBPa treatnent.
Carci nogens are generally indicated as substances that
increase the risk of initiating devel opnent of
neopl asns i n humans or ani mal s28 A carci nogen may be a
chem cal, a formof electronagnetic radiation or an
inert solid body. Both genotoxic chem cals, which
af fect DNA directly, and nongenotoxic chem cals, which
i nduce neopl asns by other nmechanism are included. DEN
Is an exanple of a genotoxic agent known to produce

hé@&werusuvmmtmmamdmmnmm@tto telives thie. exogermus C/EBPa-

ppﬁ §g@g %e ‘%q{%?g(s%) g%pfe (@ %gdpjggﬁniéugﬁd/pg];ors Rl irectly into the

MesibRiNt'epdttal tvelifpU TheGiiTfd 6f e 1HE0H Floft & thediven ?né](es it likely

rmre carcinogens to a non-human ani mal nodified with

5 t HatoRpy cseter detiveredt via theveertaloveianyilli demei foy reside wthm the

WEPHE3HE SR B4, FATEBRGBY s i o

Norgdm tarothst ﬂ@éu@:dﬁrsﬂjmgthbovédwrs! areentely)mo RicoRfe "trapped"” in

used to supply liver cells that are hly resistant

t he iveulisyenwhich sesves as § fiftardaeine tf%gﬁ ing hepatocyte
transpl antati on and for .popul ating bioartificial |iver
systens. One -common concern regardi ng both hepatocyte

10 t traespindlerananneraas abiover tofisteucts dontainingi & luespecific promoter

tential of th | Is, t | ast
C Paridpberef o AFRe PBRISCEAD oY Hibed) Ehpabiela

' UnHE?dé\%?@éé’&%ﬁé t48Yédl I@cﬂﬁé 't?zS lﬁ'\%‘%‘\‘?@d ts[]ﬁll\%\o‘S:elﬁcpﬁuahty of life

this COfT'p i cation. Accordi ngly, pr ovid

FACqEleIRt]) dnaturation of

ntor- thesen IrkfaowaSnwaﬂuamlto maatf pahmomarh careeeDNA adult human or

constr or . exp SIO ctor . of the invention;
SRR SR OGSl HRED TG P8I Yoethia Snivgtcg wih C/EBPo for
e Ugy if p Iy c t

15 e, é%%%ﬁ"ﬁ?f%ﬁ? e e PERe), (P (neuron
| speclflaterwlw)nandﬁEAécamhmemtmynaic ardigenpck- i n
ani mal , wherein the tunour-specific pronoter is AFP, a
knock- i n ani mal, wherein the exogenous C/ EBPa

tAﬁ@ﬁl@@lﬂ@nﬁﬁH‘m&ﬁE%f%gEiﬁaerﬁWraéte@ td thee PEQSRABAYS of knock-in

C/ EBPa production; a tunour-resistant cell isol ated

f PERrhYBaRAHmAls Riafaraply MeemmRIAgirarsferied with the DNA construct

20 or expression vector of the invention.

The present inventors have successfully used genetic engineering processes

to create a C/EBPa gene knock-in mouse model that expresses the C/EBPa

transgene specifically in liver cells in a bid to inhibit the development of

25 hepatocellular carcinoma. Standard gene targeting techniques (as described

in A. L. Joyner's Gene Targeting: A Practical Approach, 1993, Oxford

University Press) enabled the present authors to place a single copy of the

C/EBPa transgene under the regulation of one of the two endogenous alleles

of the mouse AFP gene promoter. However, as already mentioned, other



i nvention; a tunour-resistant cell isolated fromthe
knock-in aninals, wherein the tunour-resistant cell is

w@2dvepatoaxyt e or pneunocyte; a human or ani mal PCT/SG2004/000364
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pl uri potent enbryonic or adult stemcell transfected

with the DNA construct of claim a tunour-resistant

cell, wherein the tunour-resistant cell is isolated

froma human or ani mal pluripo2nt enbryonic or adult
stemcell transfected with the DNA construct; a nethod

for preparing a knock-in non-human ani mal conpri sing

i ntroduci ng the DNA construct or expression vector of

t REmbOMEFE LB prohiotard1ethetUfBn ABi ARP BlowidtePhedy be used. Also
enbryonic or adult stemcell, and breeding the cel

c gfheri@ockHa narebuman aniewls ethesithan micecar becraated.

nmedi cal or pharnaceutical conposition conprising any

DNA construct and/or expression vector of the

I Kneekiiom amdhuomdn eriinbls @aphiss rprepdidd alcbyrdaes eptay etandard
carrier and/or di)Juent.34 Said nmedical or

P Knewn indh@ &t ti on may be used for any nedica
treatnment, and in particular for any of the treatnents

i ndi cated, such as but not limted to: the treatnent

ofAnc antline, opraef examipje fadrtheherepacatioreof kobcl-dmaeiceiis shown in
h n_or ani mal whose cancer cells produce el evate

I ¥§V§4bf AFP; the treatnment of synptons associ ated

with liver glycogen-insufficiency in a human premature
infant or a premature ani-mal; the treatnent of

cdhei PNArzonsisugti atexprassian vegtordraperdipg do lamygembediment of the

t MR are o BB o A ABEBRHIBY of Lo SPigRRgh animars.
t Préfeeablyy e IDNA foohstroet angoaneictars dineariz@dliapal inBbduced into
phar maceuti cal .conposition for the treatnent

I . ] of (but
nBturinognte Jecpient; iells, dprisferiaboferpRasic $ieet e@'éﬁf')y cells), or
f r f gancern,i ' - Whose
| SubBierk! ROEBRSOR] ERES o’ IBERY SmARGTRHEORe Moteour
t BézlogpnCapecohirpfhmiR. agexb);i okt Spriry | Harbor Prfess, Cold Spring

. - \ ¢ . :
AHAERare Bitasl PR 12 e atiidhieBrenee itrnrRgrated herein by
assrardresd TH hra%@@éteavahﬂes@nk L AP EOIdeEBM Uvo, in a
ani mal . ving now general ly described the 1 nvention,

t Feanerknewn i éhenare(Fvans, IM. dnetealst Natlire I208utiv-156 (1981)) to

reference to the follow ng exanples which are provi ded
b?orﬁ%lngs’iqqnﬂ%wg??lon, and are not intended to be

limting of the present

Any ES cell may be used in accordance with the present invention. It is,
however, preferred to use primary isolates of ES cells. For example, those
prepared according to US 5,843,780, US 6,200,806, US2001024825 or
US2003008392 (herein incorporated by reference). Also Thomson J., et al.,
1995, Proceedings of the National Academy of Sciences of USA, Vol.92,
No.17:7844-7848; Reubinoff B.E. et al., April 2000, Nature Biotechnology,
Vol.18, pages 399-404 (both of them herein incorporated by reference).

Such isolates may also be obtained directly from embryos such as the CCE
cell line disclosed by Robertson, E. J., In: Current Communications in
Molecular Biology, Capecchi, M. R. (ed.), Cold Spring Harbor Press, Cold



i nvention. Exanples Exanple 1 Method used to produce
t he C/ EBPa gene knock-in nouse Stratagene's Muse

wao arebaeso@non ¢ Library - 129SvJ (Catal og #946BUByGHa$/000364
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used to isolate the necessary AFP and C/ EBPa
sequences. Routine nol ecul ar bi ol ogy techni ques (for
exanpl e Sanbrook J. and Russel D. W, 35 Ml ecul ar
Cloning, A Laboratory Manual, 30d edition, 2001 , Cold
Spring Harbor Laboratory Press) were used to build the
AFP- C/ EBP a gene targeting construct detailed in

Fi gures 1-3. A 5.5kb EcoRI-Taqgl fragnent of the AFP

%@iaﬂﬁﬁ NP (19BY) SSSlLEmAR) R Srath the %Fbr@ﬂébléthﬁ] of ES cells
NruI pel C/ EBP gene sequence I n a pBlueScript vector.

AfroBx ithey GﬁQﬁche&ohn@e(S@hmm@berganPsﬁgem ienerR@46:799-803

f
o ST B Yelergh BRTR i doral oﬁeﬁﬁcéxsﬁe?%%ﬁ%- Such clonal
olsotadioncihesnt béeamuphslmdcaod:mdmgwg: thee nidth&ll Idf E. J. Robertson

Gt LS M BB e
IRBerSIHETRE), fIR‘E”PPéé% LHRBrd Oﬁé%ﬁrchﬁe?géﬂﬁg and method are

expressi oh cassette.containing t
PEKomparabed hefeinr ko asfedeicen it hepu:pme@fnsﬂmrcslonal propagation is

| d Laced d t t CgBPa . . .
o5 Shtny S Sl Bhbaeve, Srner efencyalar it rgago into an
EgfAfghalsi te that was engineered into the identification

tag ol igonucl eoti de sequence. An additional 900bp of
AFP sequence corrpri sing a portion of intron 1 through

| ThEc A shRsf EE Pt 1S RoBRnd R IRt &y b ingroduced
SHTt(B itiGeh %'l'&rlﬁ@t@wc 8RBy 86 W‘F‘étﬁ@d tv?m@l'i MBHE ’tﬁfaf|h‘c-“rb8{?<*:ec’1 molecule

gene targeting into the 'AFP | ocus. contal nin
t tyunderge tdoemingtore ahiisl r&!gmnppﬁhotrmlogypur chased from
Lexi con Genetics Incorporated) was placed at the 3
end of the cloned sequence again by blunt-end ligation

| AFer tdl@:t%p@ialﬁah 3heﬂ£‘g @ikl afd cBiturbie i Phedinfd that selects for
construct was | i nearized using EcoRl and

etféeﬁfﬁﬁi?d?tattbgp h@N% repived angigiearatedttaenpositive selecizhle marker

%Eé el gh %g?h%dcgﬂtgﬁbgc qn%l’ftmr%' B4R drerkd, 04 Blat Ihey can

select against recipient cells that have acquired the negative selection gene.

The survivors of such selection are then screened either for the function of the
chromosomal allele, or more preferably, by Southern blot analysis for clones
in which the selectable marker gene sequénce has been introduced into the
originally present chromosomal allele.

After selection for cells which have incorporated the desired DNA molecule
(for example by selection for G418 resistant cells), the cells are cultured, and
the presence of the introduced DNA molecule encoding exogenous C/EBPa
under the control of the endogenous tumour-specific promoter is confirmed as
described above. Any of a variety of methods may be used to identify cells

which have undergone the desired recombination event. Direct screening of



Approach, 1993, Oxford University Press and Hogan et
al.'"s Mani pul ating the Miuse Enbryo: A Laboratory

wOo/Rweak5043994, CSHL Press). Positive drug sel er€T/66G2004/000364
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using 418 (active ingredient, 0.18ng/m) and negative
sel ection using gancyclovir (2mmol/L) were enployed to
enrich the yield of gene targeted clones. Correctly
nmodi fied stemcells were ident3fied by PCR and

Sout hern blotting. These cells were then used to
generate chineric founder36 mce carrying the altered
allele in their germcells. The founders were bred to

peloALs cugre o€ RGR gesedf kyioddizatiompobes]bee. Coel £l ise employed for
process for generating the knock-in mce is shown.in
Fti®IPETRPSEeThe wi | dtype C/EBP a gene | ocus and the

expected knock-in gene locus are illustrated in Figure

5. A C EBPa probe woul d be expected to detect DNA

fEsgnelhi shaf haivef endergosezresombinatialt yey ber asesd to produce the

mc nn@é"@%&réé‘aatq's'@ééhﬁ%ﬁg%aa%&% EScoolResiene@iapbly cutured
e}QHFr@téf%(ﬁl g!tuéh' Est§¢d<%eﬁé< -(E8p &R Dm@wws@ cells) and/or

I on, knock-in nouse oWs an
emlmmwn@rma ﬁbr@@mﬁtcelh&tas sd@l@gbed byl Ehe). Robertson (In

Idt e ani mal H ndl t he tra
RS iR i Ehaflonit Stoff ER1S: APrdtEal Abbfoach, (€
WR@b%HQ@ﬁI @Y. Mﬂﬂ?lgﬁbﬁée@)&@rdmm s imMgl 132)C(Wl’fcﬁfreference is
the C/EBPa transgene under the reg ul'ation of one

t Meorpwated bgesio by refersnes. Ehetstf@mﬁilﬁ@@dl@r flbfqmwi @@lhs serve to

T G S

illustrated in Figure 7. Exanple 2 Determ nation of
| evel s of C/ EBPa nRNA and gl ycogen synt hase nmRNA The
| by @ Breferreg: gmbodiment thrnaraselt aydiegrsal @é%w@dbgene targeting

o RS PR S 2R LR s EYE Rt of the

T e

dee@etl@mrzéx-l@amqm aiidinat Thiegtiansgansuis expressednint ihe fetal liver
Ws!a\getzl%f)gays prlorsto (eF d%léreﬁogg ‘C/EBPa production and then shuts down at

the time of birth in accordance to AFP regulation.

The experiments have demonstrated that early activation of C/EBPa in the
knock-in mouse liver induces accelerated maturation of the tissue leading to
glycogen deposition earlier than that found in wildtype mice. Accordingly, the
transient transfection of C/EBPa-expressing constructs of the invention can

be used in gene therapy to ameliorate the physiologic dysfunction of the
human premature infant or premature animals. ’

Additionally, C/EBPa is known to be necessary for maintaining the non-
transformed hepatic phenotype. Because the AFP promoter is reactivated in

hepatocellular carcinoma, where normal C/EBPa. expression is turned off, our



Additionally, to evaluate the functionality of the
new y expressed transgene, we neasured the | evels of

w@bkopsogem synt hase nRNA al so using real -ti ne PER/SG2004/000364
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A igonucl eotide prinmers used were 5'-
CCATGAACAGCAAGGGTTGTAA-3' (SEQ D NGO 5) and 5' -
TGGAAGTGGGCAACCACATA-3' (SEQ D NGO 6). C EBPa nmRNA
level s were determined to be bé2ween 100%to 300%

hi gher in the knock-in mce from12.5 - 15.5 days of
gestation than in the wldtype and gl ycogen synt hase
MRNA was 25% 50% hi gher over the sane tine period

( Finguk-n Bice Gawvid e _aSltlmidUSS)[jﬂ)@ﬂthh?Wﬁ t64tEBEBIP @ ddea inhibitor of
transcriptional activator of the glycogen synthase

gdiver uegly foimation iawivg. | 1995, Science 269: 1108- 1

12). dycogen synthase nRNA was found to be expressed

at higher levels than in the Wl dtype mce (Figure

10phis Def/ehnbhhaLmanofniphalt lhﬁ)ok?limh*idiz{cea:;ﬁéy/ blé‘ ukb& as an in vivo

int i St

< GERTGRLas NGRS Br% tymesnot s RasBNsFd B Barieties of tumours
ik . s o . _

SShgh N A3 AL e R i reope

on day 15.5 of gestation when w |l dtype mce had not

y begun to deposit liver glycogen (Figure 1). Under

PX@OF& %i H?HGPFadf y@‘@ﬁénnw%d‘mgumam ARINA koRek-ignmaslel or host
i e i ' b i
E:eﬁ@, Pre@éragﬁ[ Mlpf6titss! & Ehﬁ%ﬁf:%teéﬁ g?f&me%l WS uch knock-in

that glycogen.is present in the e knock-1n
mangval enay ke Bs&d day sargdstdve quiatfoagefor Cidentifyirgy the types of

FRRUTEO 15 o6 ol SRR Tl B gt ang
”s@@bf&@édfb?'émsfb‘h SHiraridgeinit CgEBPRS not produce
0

the pink colour in the knock-in nouse |iver indicating
that the pink colour had indeed originated fromliver

I gl 4 Wy D ( PAS- di gst. .
SITEGC06S o0t SpArF LT S BLRR ' PQrbBATeS 880 hrom i
génbek-ironin-lageito amihahanapl algo chat adatl 4t @@t #bletro assay for
gl ycogen. Exanple 3 Resistance to tunourigenesis W

f gRriteegsnsthat age sHacepiible e REEBC ontsaatmentt i on coul d
confer upon hepatocytes a .degree of resistance to
t unouri genesi s.
Carcinogens are generally indicated as substances that increase the risk of

initiating development of neoplasms in humans or animals. A carcinogen may
be a chemical, a form of electromagnetic radiation or an inert solid body. Both
genotoxic chemicals, which affect DNA directly, and nongenotoxic chemicals,
which induce neoplasms by other mechanism, are included. DEN is an
example of a genotoxic agent known to produce hepatocellular carcinomas
(Bralet, M., et al., 2002, Hepatology 36(3).624-630).

Accordingly, it is also provided a method for in vivo screening and/or
modulation of tumours comprising administering one or more carcinogens to a
non-human animal modified with the DNA construct of the invention and
identifying the tumours which are inhibited or suppressed by the expression of
transgenic C/EBPa. '



We exposed cultures of primary hepatocytes derived
from18.5 day ol d nouse fetuses to 3.2n vl

W200504508Dpi peri di ne, a genotoxi c agent. Fet al PCT/9€2084/000364
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were mnced with a scal pel under sterile conditions in
calciumfree Earle's Bal anced Salt Sol ution

(G bco-BRL) containing 50mol /L EDTA to obtain tissue
fragnments. These tissue fragnme®@s were then i ncubated

in Earle's Balanced Salt Solution with cal cium

(G bco-BRL) and 0.02nmg/ M soybean trypsin inhibitor

(Sigm) and .6ng/ mM coll agenase (Signa) and i ncubated

at 37 C, 5% The EDTA/ col | agenase treatnents were

performed twi ce. For |ong-term observation, the

c dherkyiockein sonsuenan @nimahaseqdingcia éheCinvemtion vody e used to

o DRy e PRENG 5at SRhbR, BT Y Bio HleRRR s Bl B in modes
dt@sﬁiﬂb%éibéﬁettf%spﬁrﬂaiibn afdrfoepostiliatiBg bioshediver systems.

that the cultures of the knock-in hepatocytes )

e IS | @HRIRPL GeREATBr radgidirg obPoly obepatPavEDi transklamation and
c h h i cet Fi eg., 1 .
F.B!ﬁ?re s!h’%\;\?g %hgtp &" ip%ﬁ%(rﬁf;ala tetﬁgér Oc% H%a?%i%%dgeéﬁ? neoplastic
t trankfoppiation. CFhespréesnos tof dthe CCAHBMG teinsgahesin the hepatocytes
conparable to that of wldtype cells. Lastly, after a

yuauld giegatiiesricadhe risk aiiiisicommplicatiogay ol d j uvenil e
knock-in and wi |l dtype mce were given intraperitoneal

i njections of 10ny diethylnitrosam ne (DEN) per gram
oAchodiingle dthis, previdet:ea atdrehtimaabsesckeiBOahineal ehbdified with the
0 r transgene o n the devel gpnent of |iver tunours X
DA e RTRE 0T GIRErsiOIaREIE ClBeniy SpiRtE: o5 BgBAn knock-in
k to e p skul i 120 [ e

Ve Hfial, > W (g'%gg, tﬁép%@ﬁ?&% 36 dsﬁ@ﬁasgﬁ'.'&%?ﬁf& promoter
wiaesaihest thenexogencusl C/HBHa tranggenearspecdically ir theditalyliver at a
cycle and h unrestricted access to ,foqd and, water. e
b5l S et b PREDAG (R AN g paaraty 41 Alfgur-specifc
CHRdrAbRediTBAFPt UADKhEUR-i9" aMihitl, Wheek | thel iak®fenbls C/EBPa
D) had dramati cal !_:,CY, fewer tumours. A visual surve\é of )

t Hansgene expressessCERPa otiINAgprigido ndegesoue LéaBRa production;

not i . _
Kl AR R B 488 ey abofling o the
( Biventdon; & tuesdur-Bsistantosell isbhese fidah ahdk@wvcklien animals, wherein -
conpel I'i ng evi dence that C EBPa expressed under the

r i funegnresisiont caftps i baatecyieslipngumecyis; & hg@mansor animal
t Bikipgdtént ™GB SHE or adult stem cell transfected with the DNA construct of

claim; a tumour-resistant cell, wherein the tumour-resistant cell is isolated
from a human or animal pluripotent embryonic or adult stem cell transfected
with the DNA construct; a method for preparing a knock-in non-human animal
comprising introducing the DNA construct or expression vector of the
invention into a non-human animal pluripotent embryonic or adult stem cell,
and breeding the cell culture.

The present invention also relates to a medical or pharmaceutical composition
comprising any DNA construct and/or expression vector of the invention and
optionally a pharmaceutically acceptable carrier and/or diluent.



|ikely to undergo tunourigenesis than normal
hepat ocytes. 40 Clains . A DNA construct conprising: a

wo p00sH430¢xi on havi ng honol ogy with an endogenoR&T/SG2004/000364
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tunour speci fic pronoter gene sequence of a gene | ocus;
a DNA nol ecul e encodi ng ¢/ EBPa, the DNA nol ecul e

| ocated 3 of the first region; and a second region
havi ng honol ogy with a region Wtthin the gene [ocus,
the second region located 3 of the DNA nol ecul e;
wherein the construct is operable to express a _
functional C/ EBPa protein. 2. The construct of claim

1,Saienetlicat loe phisrmadeatiche compuditipnhurmnbel lifﬁ%lforigany medical
et alEd i%paisdnah orrHay  ibe katments mavated, such as but
Wit gihtitelilte: tHesttnFrdSCHf &%@F,gﬁfﬁg&?g%ﬁg?ﬂ@ﬂgé‘ﬂﬁ&ﬁ of gancer in

the AFP pronoter gene and the S conprisest
ARPhyBRS poeninalswhise camcar celts pfodiicai efevatetlevels of AFP: the

i si | b ker, and . .
| YRt S sk Pl SSEBEH0R) Sulf i fpenarsuticoncy i o
exuness ippemuaitte dhfaf@Ndr BSpreindtife GRRRAF YRE tRatkledt ¥ conditions
wherei n the expression

1-5. 7. The vector of claim®6, _ Xpre

v@c“ﬁBP'#ﬁ&WﬁBP“é@MﬁV@@@@d unoNissHs! Bcuhemzavomaninak

sequence of SEQ D NO 1; and a DNA nol elcul e having the

S 4 ot onprl Sl

e in PG Mt e QgHOH oL REBL hor vecor

clagrexling fo the invhetibosfor det Iprepacitionrof rlnc')étﬁcprﬁld"rhﬁHé?maceutical

h cell i esent in.a.cell culture. 10. e hos

cgﬁf”p&s'tlﬂ”aﬁs%gﬁ%-%@?&m%ﬁé?fr{%HLQoﬁh@ﬂteéetpb- the tseatmandiof cancer,

hepsfepaly €orothe RGBS &F. cancer in human or animal whose cancer cells
produce elevate levels of AFP; the treatment of symptoms associated with
liver glycogen-insufficiency in a human premature infant or a premature
animal; the treatment of conditions associated with underdeveloped lung
tissue in human or animal.

Having now generally de scribed the invention, the same will be more readily
understood through reference to the following examples which are provided

by way of illustration, and are not intended to be limiting of the present
invention.

Examples

Example 1

Method used to produce the C/EBPa gene knock-in mouse

Stratagene’s Mouse Lambda Genomic Library — 129SvJ (Catalog #946313)
was used to isolate the necessary AFP and C/EBPa sequences. Routine

molecular biology techniques (for example Sambrook J. and Russel D. W.,



The host cell of clains 8-1 , wherein the host cell

is a hunan or nouse cell. 12. The host cell of clains
w@25meuei n t he host cell is a tunour-resistaPET/862004/000364

13. The host cell of clains 8-12, wherein the host

cell is a hepatocyte and/or pneunocyte suitable for
grafting in an area in need of transplant. 14. The

cell of claims 8-13, wherein t3e cell is a tunour
resistant cell. 15. The cell of claim 14, wherein the
tunour resistant cell is isolated froma knock-in
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non- human manmal i ncl udi ng the DNA construct and/ or

t WRlaetaroClodifg, TAeLaBblatedy M:mum B EolitioM)ep@d, 1Ovkd Spring
ceII is a hepatocyte or pneunocyte.42 17, The cell of

rhay Laboraf owﬁéegﬂwwter% uged [to jogiild the AFRGHERPa gene targeting
ggﬁ&%geﬁ%dv\herél n t 3Cg|e: I |1§ aTEEmZ(re}l Icelolf : Cllgl. "
The cell of clains 14-18, wherein the cell is derived
cBr oK BRI NAH 3Ot Qithe| AL RepromDanaNgrLRsigam sequence
USRS BTG Sl AR bscr

veettor. Ah exttrai hwldotidepat D’b&thm &bdfoeas retained between the AFP
C osi tion of claj furt 0 Ses a . :
RADREOL AR 1t C7ERPR fanmath which BOMGt fgisanstiyotign process.
Cﬂ\ﬁ'%l@@hb@l@oﬁd!@ uenéd: co?ﬂ&mi—‘r@“ﬁfé HﬂDIﬂfldéhﬁﬁc@loﬁ t@g and two
or thé vector of ains 6-7 for use in nedicine. )
U@@lyaﬁemyiéhwngaa@ @St llgate@u intasthe Spel sitee ate’tt@oend of the

Ob1ehBhBers SshPlenbecrBiT Rk 70g] BeB" S BERhES Yxpression

C eadyetiet dotitaifing MHETAEEAT/CRE§OGE éh@cé PGKpromoter (purchased from
gl ycogeninsufficiency and treatnent of cancer.
Lexicon Genetics Incorporated) was placed downstream of the C/EBPa

polyadenylation signals by blunt-end ligation into an EcoRI site that was
engineered into the identification tag oligonucleotide sequence. An additional
900bp of AFP sequence comprising a portion of intron 1 through intron 3
isolated by Sacl digestion was blunt-end ligated downstream of the neomycin
cassette to provide sufficient homologous sequence to promote efficient gene
targeting into the AFP locus. MC1tk containing the thymidine kinase gene and
MC1 promoter (purchased from Lexicon Genetics Incorporated) was placed at
the 3’ end of the cloned sequence again by blunt-end ligation into the original
3" end Sacl site. The obtained construct (25ug/ml) was linearized using
EcoRI and electroporated into mouse embryonic stem cells (1.8x10° cells/ml)
(as adequately explained in A. L. Joyner's Gene Targeting: A Practical
Approach, 1993, Oxford University Press and Hogan et al.’s Manipulating the
Mouse Embryo: A Laboratory Manual, 1994, CSHL Press). Positive drug
selection using G418 (active ingredient, 0.18mg/ml) and negative selection
using gancyclovir (2umol/L) were employed to enrich the yield of gene
targeted clones. Correctly modified stem cells were identified by PCR and

Southern blotting. These cells were then used to generate chimeric founder



25. The use of claim 24, wherein the synptons
associ ated with glycogeni nsufficiency are displayed in

w@20vanet4pr emat ure i nfant or a premature non- hRPEESG2004/000364
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animal . 43 26. The use of clains 24-25, wherein the

cancer is in human or non-human ani mal whose cells

produce el evated | evels of AFP. 27. The use of clains

24-26, wherein the human or nof®hunan ani mal was born
prematurely and suffers fromliver

gl ycogen-insufficiency. 28. The use of clainms 24-25,

wherei n the human or non- human ani mal exhibits one or
nmonigeqaning thesalismastalale dn dieihgemd extiey dhepfedntergwere bred to
tissye. 29, ;[fhe se,of clains 24-25, wherein the :
trpéaﬁﬂ%%sefﬁ% qrﬂgﬁeggﬁﬁf"f'é%g“%cel erating maturation of

under devel oped lung tissues. 30. A process for

i nt roduci n(t; a construct into an isolated cell, cell
cuthaueemplete pedcessofop depierafinghibedtnaek-infmicpriephowndn &Figure 4.
DNA construct operable to express functional manmalian

C/ EBP protein, the construct conprising: a first

r etieowiligpenQ/EBREl gae YadUR &fd ¢nsl @aBBeles kBB gene locus are
igl;fmfl C pranoter gene _sequence of a gene | ocus; a DNA

e éh ey SO/ EBPEBPRePDRA wollscbe eeXpsstacdo Sletect DNA
Al o Bt e s e M b E b8Pt s iustate

second region | ocated 3 of the DNA nol ecul e; and
admnistering the construct to an isolated cell, cell

c %}HLE'P%V noklotsy afct%eﬂg withra C/RBIR® seqdenes demastiraiee the presence
t I | | § K end Sc_he Jayan N
o AieRtd ole i the! Enddk OBy Wbk bior Pbn st digestion
mbdiotk-in ousedalNgc ghews Janaextrar 1kin 2/EBB fragneht that is absent in

{Sﬁ%ﬁi[dh&% gﬁgﬁ%ﬁcﬁneo(esr)H%%m %Eg&%%%??ﬁg te%rg) C/EBPa fragment is
3.7kb in size.

As the genetic modification ‘'was designed to place a single copy of the
C/EBPa transgene under the regulation of one of the two endogenous alleles
of the mouse a-fetoprotein (AFP) gene promoter, we considered that the

transgene would yield an expression pattern like the one illustrated in Figure
7.

Example 2
Determination of levels of C/EBPa mRNA and glycogen synthase mRNA

The levels of fetal C/EBPa mRNA have been assessed by using real-time
PCR in a LightCycler. Oligonucleotide primers used were 5'-
TGGACAAGAACAGCAACGAGTA-3 (SED ID NO:3) and 5-
GCAGTTGCCATGGCCTTGA-3' (SEQ ID NO:4).



32. The process of clains 30-31, further conprising
adm ni stering the hepatocyte and/ or pneunbcyte to a

w@e@sn45088. The process of clains 30-31, furthPCT/SG2004/000364
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conpri sing preparing hepatocyte and/ or pneunocyte
aggregate(s). 34. The process of clains 30-33, further
conprising preparing hepatocyte and/ or pneunocyte

grafts. 35. The process of cla&’rs 30-34, wherein the

graft is autograft or allograft. 36. A non-hunan

knock-in mammal conprising the DNA construct of clains

1-5 and/or the vector of clains 6-7. 37. The mammal of

ci/gd faLEfd CIMBP& IMRANAC inEHE RhodiSinemiBalieLbe HeteckhBle earlier and at
mamral of clains 36-37, wherein the construct is

t highes amssets thande therwildype aniraals{Figke8)er poi nt

than normal. 39. The mammal of clains 36-38, wherein

the construct expresses C/ EBP nRNA prior to endogenous
CAd8Ranpiiydocévalmatedthe /#ummtdmatityf of then neiwhp ekprassed transgene,

scr eeni IS i ng a hon-hu ani nal
o Beetrel B St ol obcsbef o Sngg&n%’ﬁ%ﬂlémgngea"“me
tpcahe ani mal ¢ oﬁﬁd%t%ecafc'ﬁr%% 5-

i dent’i fying one Or nore tunours, wher ei n the tum)ur?
i SOAHBAACAGGAAGEGIUPT AASEd bf(SEﬁle f ubct i ;NO B and 5-

o RABTEGah At A T hSR LG BIOHE crEBRRITRNA teves

Aderd depéiifed @6 benb&itleen 1O toSTIE HhigHef HTBid khB&k-in mice
n‘DdIf%/I ng a cell or cell culture to express the DNA

ctrast 12:6t— 39.Scdaysref aestatigaithan it the widtypetans @lycogas synthase
CﬁJéNA%ﬂ%&é@ &%% f%v&a{h%' éh?ﬂ% ﬁ?ne @gﬂ uég ?ﬁ@hhﬁ ¥j.ng

one or °Unodr wherein
i nhi bited and/ or suppressed by the function of C/ EBPa
protein. 43. A process for introducing the construct

oEagies ﬁﬁdlf%ha@ iBOpER L GIEBRA dPaberea dtanscriptiogal| actymtor of the
ChRLBEeR sinthAse [denPORAHRC RUD.C 2t aF 0B85 5LRAC81269:1108-1112).

Glycogen synthase mMRNA was found to be expressed at higher levels than in
the wildtype mice (Figure 10).

Definitive proof of the functionality of the transgene product came in the form
of histology sections of the livers from the mice. Periodic acid-Schiff (PAS)
and PAS-diastase treated slides showed the presence of glycogen in the
knock-in mice on day 15.5 of gestation when wildtype mice had not yet begun
to deposit liver glycogen (Figure 11). Under PAS staining, glycogen produces
a pinkish hue, which is seen as darker cells in Figure 11A. Figure 11A shows
that glycogen is present in the liver of the knock-in mouse fetus at 15.5 days
gestational age. Diastase treatment digests away any glycogen that may be
present on the slide. Figure 11B shows that diastase treatment followed by
PAS staining does not produce the pink colour in the knock-in mouse liver
indicating that the pink colour had indeed originated from liver glycogen.
Figure 11C (PAS staining) and 11D (PAS-diastase) show that wildtype fetal
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clainms 21-22 into an area in need of a mammal subject,
conprising adm nistering the construct, vector, cell

wW@rooso#pPaxsi tion into the area in need of the nMeETeG2004/000364

subject. 44. The nethod of claim43, wherein the
further conprising: nodifying hepatocytes to include
the construct, vector, cell or conposition, wherein
the nodifying renders the hep&Bocytes tunorresistant;
and admi ni stering the hepatocyes to an area in need of
transplant. 45. The nethod of claim 44, wherein

adm ni stering the hepatocytes further conprises

JweR YAtng53 daiifso Yeatational aby@odaf hot %rm’éhﬁ e@ithipd deftectable
claims 43-45, further conprising preparing hepatocyte

AIGeM es. 46 47. The nethod of clains 43-46, further
conpri sing preparing hepatocyte grafts. 48. The nethod
of claim47, wherein the manmal is born prerraturely
and suffers fromliver glycogen-insufficiency. 49. The

ggthod of clainms 43-48, further conprising:

’ ring the construct, vector, cell or
ORLROShEL 98 thrRbaribBResRMel ; and treating liver
ngCUQEH_TﬂgﬁﬁPFCPEHCY_In the manmal . 50. The method
of clainms 43-47, wherein the mammal conprises a

G urf it thate Syic ReResP Svaffitatpit 1000, contsr upor
Qﬁﬁﬁéﬁd)@ytéﬁa RYFeBI oTr8SisRthdeh® tQﬁi&iﬂ@éﬁésﬂsnt o the

and treating a cancer in the manmal, wherein
the cancer produces el evated | evel s of AFP. 52. The

bt 5l £ ot A PRl B mouse
I fefi@ebi ®S82mibB n-nitresopipbadinef = gahomxisadént.f Wdthelivers were
corrprl SI n adm ni stering the _construct into the

%bl a scalpel under sterile conditions in calcium-free Earle’s
Balanced Salt Solution (Gibco-BRL) containing 50mmol/LL. EDTA to obtain
tissue fragments. These tissue fragments were then incubated in Earle’s
Balanced Salt Solution with calcium (Gibco-BRL) and 0.0ng/mI soybean
trypsin inhibitor (Sigma) and 1.6mg/ml collagenase (Sigma) and incubated at
37°C, 5% CO,. The EDTA/collagenase treatments were performed twice.
For long-term observation, the control cells were grown in Hepatocyte Culture
Medium (HCM) (Clonetics) and the experimental groups were grown in HCM
with 3.2mM n-nitrosopiperidine (Sigma) dissolved directly into it.  Our
experiments showed that the cultures of the knock-in hepatocytes
experienced a greater degree of growth inhibition and cell death than the
wildtype cells (Figures 12). ~ Figure .13 shows that, in the absence of
carcinogen, the knock-in cells demonstrated survival rates comparable to that

of wildtype cells.

Lastly, after a year-long experiment in which twelve day old juvenile knock-in
and wildtype mice were given intraperitoneal injections of 10ug

diethylnitrosamine (DEN) per gram of body weight, we were able to observe



treating one or nore synptons of underdevel oped | ung
tissue in the mammal . 54. The nethod of cl ai m53,

WO eoosheto4xonpri si ng accel erating mat urati on of PCT/SG2004/000364
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under devel oped lung tissues. 47 55. The met hod of
claims 43-53, wherein the mammal is a human or
nonhuman ani.mal . 1/8 SEQUENCE LI STI NG <110> Nati ona
Uni versity of Singapore <120>38 EBPal pha Gene
Targeting Constructs and Uses Thereof <130> FP2439
<150> US 10/ 703, 224 <151> 2003-11-06 <160> 6 <170>

~Patentln version 3.2 <210> 1 <211> 757 <212> DNA <213>

Al dffetitbf cd@i2Pansgdnd o 1R8 develtpma&itnd [i0&r tRfbteadMlive animal
regi on of AFPal phaNeoTK <400> 1 aattcaggtg gctcacagca

1RedalBgalEN daFigther Depgtnriyegent fnguhgteaaratice hepatocellular
CEREIMbRRRY( B%g%@tl\tﬂa%?‘él 53’t2t(ﬁ)t2C c?’lgg)g ?ég%é%% ??6)@“ gagc

acttgggt ac 'acdcacajac aa
gaagagt agt ggt aagattt gat aagcatt 180 gat gggt aag

SH6F Hios aere S B oln e 1 2ok JgRE ana d e smyasK daiy oycle and
W%ﬁ?@é’chctbﬂ%&%&@% TSk éﬁé%lét%kgq:[ te ﬁ@%s that while the

tacattttaa atataccagt cctaagaatg gtga attta
cwitdtype divers (A, a@)aa@mtairted qoYC uanoumgogummglgmdxelatlwers (C,

o R A RS AR LB 2 AR SRR3 B er surtaces for
tﬁ@ﬁﬂééahHt&%@h&ﬁ%ﬁﬁmeﬁﬂhﬁhﬁgéWQEG@@ﬂQﬁﬁﬂﬁé|ﬁﬁﬁ9ﬁﬁ@ﬂ@hs(198
+ 12 6; n = 10) than the wildtypes (41.0 + 23.3; n = 5) (Student t test, P >
0.05). These data provide compelling evidence that C/EBPa expressed under
the regulation of the AFP promoter results in liver cells that are much less
likely to undergo tumourigenesis than normal hepatocytes.



tagcatcttt ttgatggcag agttcagttt accgggtcac attgtacctg
ggaagattca 600 aggatttatg gaaaaagtca acaacaggag

WO cEgagoayic ccggaaaagc atggactctg 660 tactt aageelr/SG2004/000364
ctgcgctttt gagcaatggc acagcaagct ttaaccctgt ttgcagtcag
720 cacacaaact gtgggtcaaa agcttccact ttatctt 757 <210>
2 <211> 10415 <212> DNA <213> Artificial <220>2/8
<223> 4185- 14600 conprising t 40 downstream sequence of
AFPal phaNeoTK <400> 2 ttatcaacac tttattttga ggacagaaag
aaagtgcagg tacagtttga aaatatggtc 60 atactggggt
gtttgttttc ccattttcta ttactaatat attatgggaa tctttccatt
1Zhjgattaaatg ttactctatg aactaggttt gatcgtagta
ctcccctcca ttttatgagt 180 acactatatt ttctagtgta
agttatttlgt ttttataatc acatctttaa cataaccgct 240
cdt aggleléN COMRYISHA't aag ggcacctttc tgctcttcca
gaggacctgg 30 t thdyi 9589 3
acaaccat ot 5t Tabt fgg" HRUGGATEERs PAECERCENooenous tumour
t ct t cagpecifit ptdmageage s agglien@cofox geagdaass; caggcat at g

420 ttcaacca cact gaaac acata aal gttt aaa ,
5 gaatgaattt g@géag‘pi%ctﬁ%@ngg&w%ap%iggtéwgﬂgdewle located 3

t gaagcet fia GefRGBhILngt 9gacct ct agacacacag 540

actctgacac gccaacgtct gagttctagt ttcgatacgc actgggaagt

tttaaaagtt @0Ecarctegiaahavitghomioingyayidhaeegjgn within the gene

ot gaalts T el diRioniedd oe IRt Bdia oo o1

720 tagcat cynerdirCithad@8hstri&R 92 088érabld 362%bless a functional

acccatgcac ctgtgacata 780 catatggaat tattctttgg

10 cacat abdaBPogyat@iggga gctggctcat caggttttgt 840
gctgtaagtt ttctatgtta aaccagatgc gatacactaa ataaaataaa
atatacttga 900 ccgatggttt tgagcgaaat aataactgga

t @at caggaaccistial afaslainnat gafdrath HEODNA gesieadle encodes human

gaaacaattt gttcagtgcc tagcatatgg tgtgcatttt attatttctt
1020 t &4aBRAgaa tgtatttgga gttacatagt aagtctgcta
ccttttcttt atggctatat 1080 ctatgtctta tgttgagatg
aatgaattat tcttcagggg aaataatcta tttgaacagt 1140

15 3. The construct of claim 1, wherein the DNA molecule encodes mouse
C/EBPa.
4. The construct of claims 1-3, wherein the tumour-specific promoter gene

comprises the AFP promoter gene and the gene locus comprises the

20 AFP gene locus.

5. The construct of claims 1-4, further comprising a selectable marker,

and identification tag, or a combination thereof.

25 6. An expression vector comprising the construct of claims 1-5.

7. The vector of claim 6, wherein the expression vector further comprises:

a DNA molecule having the sequence of SEQ ID NO:1; and
a DNA molecule having the sequence of SEQ ID NO:2.



ttagatggt g aagaacattt gcagcatttg caacjattttt
ttccactctg aagtggtctt 1200 tgtccttgaa cataggatac

W@2@bQaoerc tgectctgtta attattggca aattgcctaa 1PGDSG2004/000364
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cttcaacgta aggaaataga gtcatatgtt tgctcactga aggttactag
ttaacaggca 1320 tcccttaaac aggat at aaa aggacttcag
caggactgct cgattcgcga cccgaagctg 1380 cgcgggcgcg
agccagttgg ggcact gggt gggcggcodt gacagcggeg ccacgcgeag
1440 gctggaggcc gccgaggctc gccat gccgg gagaactcta
actcccccat ggagtcggcc 1500 gacttctacg aggtggagcc
gcggcccccg atgagcagtc acctccagag ccccccgcac 1560
gcgcccagca acgcccgect ttggetttcc ccggggecgcg ggccccgcege

ccccca c 16203/ 8 cccacctgcc gccccggagce cgct gggcg

Ct gcé‘ag@sb@@bgaew@ngatf@gg@@ﬁ gict @@l Q%@'@g%@t ara,cg(or the vector of
tcgaccggg gcttcaac gacgagttcc tggccgacct cttccagcac
1740 agccgacagc aggagaaggc caaggcggcg gcgggccccg
cgggt ggcgg cggtgacttt 1800 gactacccgg gagccccggce

Beccr dBbggst deloet Galcighharantier hest g decriesgin @ ool

ggagccga&gm;920 t acgagcgcg tcggggcgcecc cgcgct acgg
ccgctggtga tcaaacaaga gccccgcgag 1980 gaggacgagg
cgaagcagct ggcgctggcc ggcctcttcc cctaccagcc accgccgcca

cdfivccdes Nl el R 360 Eavboelt BEVBRahee] s a mamma
gaccacgabatddss brpaaandcgccaccc cacaccgecg 2160

cccacgcccg tgcccagccc gcacgcectgcecg cccgecttgg gtgcetgecggg
cctgcctggc 2220 cccgggagcg cgctcaaggg cttggecggt

odoot oasbo gl R AR hagfe nde Rataeh g'g%@gglgga%r mouse

2340 gagllaccggg tacggcggga acgcaacaac atcgcggtgc
gcaagagccg agat aaagcc 2400 aaacaacgca acgtggagac
gcaacagaag gt gct ggagt tgaccagtga caat gaccgc 2460

cgc Ch t 9SS Yesi
ctt??g% g%q%gcagc%gcc§g agagc?%ﬁﬁglgggggﬁgggég Hesistant
atggcaaeﬂg cgcgt gaggc gcgcggctgec 2580 gggaccgcct

t gggccggec ccctggetgg agacccagag gatggtttcg ggtcgetgga
2640 tctctaggct gcccgggeccg cgcaagccag gactaggaga

1 4 §CO0HH0 hBSE 1BAAFIEIfh B-ADIGRTArER 17 Host %%g Cis a hepatocyte
cctcecttce tctgagecgg actcggtgecg tctaagatga 2760

gggagt esagéordquteguegpte t suitaklet for graftipggdagaant trexcipcgeed of

gagct gagct é%ﬁo gggggcccgg cagtactagt aagcttaata
aaaacaﬁ%ﬁ@ aaagaat tggcctgccg 2880 ccccgacgtt

ggct gcgagc cctgggectt cacccgaact tggggggtgg ggt ggggaaa
2940
14.  The cell of claims 8-13, wherein the cell is a tumour resistant cell.

15.  The cell of claim 14, wherein the tumour resistant cell is isolated from a
knock-in non-human mammal including the DNA construct and/or the
vector.

16.  The cell of claims 14-15, wherein the cell is a hepatocyte or
pneumocyte.



aggaagaaac gcgggcgtat tggccccaat ggggtctcgg tggggtatcg
acagagt gcc 3000 agccctggga ccgaaccccg cgtttatgaa caaa

wQamso4maraccgtge gttttattct 3060 gtctttttat tRCUHGLOY/B00364
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gcgcgggttc cttccggtat tgtctccttc cgtgtttcag 3120
ttagcctcc cctagggt gg gcgaagaact ccagcatgag atccccgcgce

t ggaggat ca 3180 tccagccggc gtcccggaaa acgattccga
agcccaacct ttcatagaag gcggcggt 84 3240 aatcgaaatc

tcgt gat ggc aggttgggcg tcgcttggtc ggtcatttcg aaccccagag
3300 tcccgctcag aagaact cgt caagaaggcg at agaaggcg

at gcgct gcg aat cgggagc 33604/ 8 ggcgataccg taaagcacga
ggdagcdtiie celjof chiirhe g1 4c ¢ owhagit thes telhigenpluripbtdht, embryonic, or
at cacgggt a %@caacgcta tgtcctgata gcggtccgcc acacccagcc
ggccac AWt Segncght gaat cca gaaaagcgge cattttccac
catgatattc ggcaagcagg catcgccatg 3540 ggtcacgacg
agatcctcgc cgtcgggcat gctcgeccttg agcctggcga acagttcggce
3480 t ghug cghof claims dlat gpod 161 17¢ gthereig the call ¢ tigaiman cell.

t cgacaagac cggcttccat 3660 ccgagtacgt gctcgctcga
tgcgatgttt cgcttggtgg tcgaatgggc aggtagccgg 3720

at1gaag i chll BRERMAS 1 08 WEERIF RGPS SRl Nel S bldteh cell.
cggcaggagc 3780 aaggt gagat gacaggagat cctgccccgg
cacttcgccc aatagcagcc agtcccttcc 3840 cgcttcagtg

e YR i AR 56 B g s 15 anci
cagggc apedcatsasfuiiang 651t gacaaa 3960 aagaaccggg

cgcccctgeg ctgacagccg gaacacggcg gcat cagagc agccgatt gt
4020 ctgttgtgcc cagtcatagc cgaatagcct ctccacccaa

Lol aa e afiga oo P A ind Thb kot of oaims 1-5
aaaagcdriffoptid esctanaf claigs6tcctc actacttctg

gaat agct ca gaggccgagg 4200 cggcctcggce ctctgcat aa.
at aaaaaaaa ttagtcagcc atggggcgga gaat gggcgg 4260

t t
ottuct on THETEHCab ST RoREDEY, TEHEE" Bbrises

ct gct ggggangmmnglggmacametpialalearrmom diuénict g a combination

ctaattgﬁg tgcatgcttt .gcatacttct gcctgctggg gagcct gggg
4440 a ’faca ccct aactga. cacacattcc acagctggtt cttt

cgcct caggactctt 4500 cctttttcaa taattctcta gcactttgta
gaccaggctg gcctcgaact cagaaatccg 4560 cctgcctctg

c@Bcccg‘H@@ apnstryghtafaclaiggt gbgen the aectaraot ctajupst 6t7cder use in
4620 gqt.at cttega cttaagcatt ctatatactg ttgaagacca

ggt at a 8 gtggt ag 4680 atagatttag atgtaatgta.

attttatgta agaggcttat aaaataacag cagtgttcaa 4740

24, Use of the DNA construct of claims 1-5 or the vector of claims 6-7 for
the preparation of a pharmaceutical composition for the treatment of
any one or a combination of: symptoms associated with glycogen-

insufficiency and treatment of cancer.

25.  The use of claim 24, wherein the symptoms associated with glycogen-
insufficiency are displayed in a human premature infant or a premature

non-human animal.



cacaatcaat tttggatgtg ttccatgctc aatttttttt tgatattaat
tatttagtag 4800 ggtctcatgt ctagttcttc gggttgacag

waasasoait ttcactctca atctttttaa 4860 aagt gctBEX/SG2004/000364
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tgttcgactc tctggaaagc ctaatgtgaa caggccgact gtagcat aat

492 0 tatgtccaaa gctactaaat gaagccattt tgaatattat

act gt gaggg agccaagtag 4980 taaggggacc tgaaagat ga.

gtattagtac taagtctgca actgatca ctggttaact 50405/8
ttgttcctta atttttcagt gtccccaagt gtaaaattaa gatgtctgga
caggtggttc 5100 ctaacaactt ggcagttcta agacttcatg

gcttgggttt aaattccaca acgattgctt 5160 tcccggttaa

agig;Cct CRed utgiof eRMfER4-25 wherelin tHeceqitddr ¢t lghaaganba-human
5220 ctcccagtgc gtgacggaga agaatgtgct tagcatgtaa

gttt cgcanig a?r@égtcallg pro@ce-elgva gvelggfgé’f caga

gat aagt ct a ggcaaccgaa tgtgaggttt gaaattacag 5340

gagcaaattg ggcagcttta aggctttgct tgtgctgaat atcacactga

t e cadlled usd @ citimsacP6 cwhgtaim feghtmihagatongiagman animal was
tcgactccct ttagtga ttagttgcta 5460 gagcggccga .

ccgt agRRB @35@8@?%“3@%@2@% IB{&&QB’%&&%&%@E@Q'E?%%a

5520 cccaggcctg gaatgtttcc acccaatgtc gagcagtgtg

gttttgcaag aggaagcaaa 5580 aagcctctcc acccaggcct

gt gt The usec of atdigis 248%c vdwreire the deary ob6vM-human animal

tcttgtcatt, ggcgaattgg aacacgcaga tgcagt cggcacagt
cccaggt @nglg% @880% E%t%n%ﬁ'é’g g?if%&fq%@ t%g&\gg%@‘?'d%"g%ped lung
cgaacacgggegcgaccct gc agcgacccgc 5760 ttaacagcecjt

caacagcgtg ccgcacatct tggtggcgtg aaactcccgc acctcttcgg
5820 ccagcgcctt gtagaagcgc gtatggcttc gtaccccggce

CaEa00FRS Gl 988kD: P05 C0ARRRA0R: JRARHLRE fither comprises

gcagcaagéselarating joaagaticit glustdgdevsiopead haigtissuescgct ac
tgcgggttta 6000 tatagacggt ccccacggga tggggaaaac
caccaccacg caactgctgg tggccctggg 6060 ttcgcgcgac

gi(%(gt COh ?ro@é@st & ?ﬁg@dgtg:gﬁggicgﬁggggﬁm@ g6 4 ;égﬂ98&98u lture or

tt'’ccgagaca at cgc cac acaacacc
ct t gaccgedt girgpdsingttice 8143 @fgccggggac gcggceggt gg

et gec%0 CgeReaet S AR RSP C e uncona
cacat gcccc 6P @ehss @EBPd%rB?éiﬁ,%‘é%&n%ErhE%ﬁnging:

ccatcccatc gccgccttcc tgtgctaccc 6360 ggccgcgcec
taccttat gg gcagcanagéicst. cegios ahgdogghguotalemyytwith an endogenous

e ooco: ¢ BB e AR 4080 3E6pace of = gone
ct ggccaaac gccagcgige: cggcgagegy cttgacctgg ctatgetgge
0540 a DNA molecule encoding C/EBPa, the DNA molecule
located 3' of the first region; and
a second region having homology with a region within the
gene locus, the second region located 3' of the DNA
molecule; and
administering the construct to an isolated cell, cell culture or

graft.

31. The process of claim 30, wherein the cell or cell culture is

hepatocyte(s) and/or pneumocyte(s) and the insertion of the construct



cgcgattcgc cgcgtttacg ggctgcttgc caatacggtg cggtatctgce
agggcggcgg 6600 gtcgtggcgg gaggattggg gacagcectttc

wWQo@gacygrc gt gccgcccc agggt gccga 6660 gccccagegrSG2004/000364
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aacgcgggcc cacgacccca tatcggggac acgttattta ccctgtttcg
6720 ggcccccgag ttgectggecc ccaacggcga cctgtacaac
gtgtttgcect gggccttgga 67806/ 8 cgtcttggecc aaacgcctcc
gtcccatgca cgtctttatc ctggattatdy accaatcgcc 6840
cgccggct gc cgggacgccc tgctgcaact tacctccggg atgatccaga
cccacgtcac 6900 caccccaggc tccataccga cgatctgcga
cctggcgcge acgtttgcac gggagatggg 6960 ggaggct aac

t gaaac agadifyaag@aonRepatobpetddaationapht @egeytetd)dasgdender the
7020 t aaaaagaca gaat aaaacg cacgggtgtt gggtcgtttg

ttcat a@@@gtczqy@{g? 26gHr rregmasy g)g’gmmg'g@ats gt

cgat acccca ccgagacccc attggggcca atacgcccgcec 7140
gtttcttcct tttccccacc ccacccccca agttcgggtg aaggcccagg

g8RCyCaURe prodissaat oilaings BOFUC aAggent compabingc administering the
cgggccccgt gggtta ac gtcccc 7260 cat ggggaat

ggttt aﬂ'@@@t‘%"dg‘? agagﬁtmegl%g%&y{q {285t t gcgt ggggt cagt ¢

7320 cacgactgga ctgagcagac agacccatgg tttttggatg

gcctgggcat ggaccgcatg 7380 tactggcgcg acacgaacac

c 88gcgtittegptapgss gif calaines 80634; dgdherccaropdasiag préparing hepatocyte
ccaccgcgc atttctggc gccgcg C gaactaaacc tgactacgga
cggccg@g‘éigo @@%G%@é&#@aattcg ccctatagtg

agtcgtatta cgcgcgctca ctggccgtcg 7560 ttttacaacg

tcgt gact gg gaaaaccctg gcgttaccca acttaatcgc cttgcagcac

76830 atldecpricess afcdaiyes §§-Fygtfadheryeempeasgiagguepgring hepatocyte
caccgatc ccttcee 7 agttgcgcag cctgaat ggc

gaat gg Oﬁ@?%@?‘fg ga{g&g‘ttttgt taaaattcgc 7740

gttaaatttt tgttaaatca gctcattttt taaccaatag gccgaaatcg
gcaaaatccc 7800 ttataaatca aaagaat aga ccgagat agg

gBbgagtidia pr@ﬁ@@%@@@t&lmgg’%@é\a@g@fem gredtds etqaaft or allograft.
aagaacgt gg actccaacgt caaagggcga aaaaccgtct atcagggcga

7920 tggcccacta cgtgaaccat caccctaatc aagttttttg

936t c gadyogtorghagtamadpock-e8Omantiraalatogprisingr thea@NA construct of
ggagcccccg attta ct tgac a_ag gcgaa 8040

cot ggc&é@g‘%ﬁféﬁ"gggbﬁ‘%g%gggg‘gﬁ‘%é%cgggc gct agggege

t ggcaagt gt 8100 agcggtcacg ctgcgcgtaa ccaccacacc

cgccgcecgett aatgcgccgc tacagggcgc 8160 gt caggtggce

adirt t t ddeymagaamabobdgin goantbheozin the maynmiahis a mauseaaat

8220 acattcaaat atgtatccgc tcatgagaca ataaccctga

taaatgcttc aataatattg 8280 aaaaaggaag agt at gagta

t t3gaacatid nigtafndl @@ aifild 86137C Gihdreint #RCa68stAAdGs transcribed in

the fetal liver at an earlier point than normal.

39. The mammal of claims 36-38, wherein the construct expresses
C/EBPa mRNA prior to endogenous C/EBPa production.

40. A method for in vivo tumour screening comprising:
modifying a non-human animal to express the DNA construct of claims
1-5;
administering to the animal one or more carcinogens; and



attttgcctt cctgtttttg ctcacccaga aacgctggtg aaagt aaaag
at gct gaaga 8400 tcagttgggt gcacgagtgg gttacatcga

W@ei0gnatoes c aacagcggta agatccttga 84607/ 8 gagtPaT/8GL04/000364
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cccgaagaac gttttccaat gatgagcact tttaaagttc tgctatgtgg

8520 cgcggtatta tcccgtattg acgccgggca agagcaactc

ggt cgccgca tacactattc 8580 tcagaatgac ttggttgagt

act caccagt cacagaaaag catcttad®g at ggcat gac 8640

agt aagagaa ttatgcagtg ctgccataac catgagtgat aacactgcgg
ccaacttact 8700 tctgacaacg atcggaggac cgaaggagct

aaccgctttt ttgcacaaca tgggggatca 8760 tgtaactcgc

Ct t gat gfHrtingAg oGS Tramdeé Japiding ahepdiackaatianoats)asce hhibited
8820 tgacaccacg atgcctgtag caatgg aac _aacgttgcgc

aaact aghdéorauppeessast btiwcunstien of E/EBhetretalygc

aacaattaat agactggatg gaggcggata aagttgcagg 8940 a

cacttctg cgctcggccc ttccggetgg ctggtttatt gctgat aaat
cuggagThegmeisd of alxigt 40ofuritiec gogyirising: atddydating growth of one
act ggggcca gat ggtaagc cctcccgtat 906Q cgtagttatc

t acacg®E HPT§JHEI ™M gc aact at ggat gaacgaaat a gacagat cgc

912 tgagataggt gcctcactga ttaagcattg gtaactgtca

gaccaagttt actcatatat 918 actttagatt gatttaaaac

t 4Rat t & metladd fadaadfgo atnooagirganiag aooprising:924

tgataatct ¢, atgaccgpaa teccttaacg tgagtttt tccact ga .
cgtcag&&%‘gf ac‘é@@@%&ﬁ au& r@g@a Fg%ﬁtf% J: RSHrUEACF claims
tcctttyylst ctgcgegtaa tctgetgett 936 gcaaacaaaa :

aaaccaccgc taccagcggt ggtttgtttg ccggatcaag agctaccaac
942 t cadmmaﬁ@nremgggw@%borg%qﬂt@E@lﬁ%gnagﬁég@qga@%rcmogens, and

ccaaat a@%’ﬁif@f@ %féa gg ;ngr%Btu%cﬂch%QIgc i erk mg@\%cﬁ?ﬁour{sg o8 gi’nh ibited

acttcad ccgcctaca cgctct gctaa

t t accagingigorcd ispressed by s flatctien of YEBPLL prateingggt t gga
960 ct caagacga .tagttaccgg ataaggcgca gcggtcgggc
t gaacggggg gttcgtgcac S acagcccagc ttggagcgaa

CQAcct a¢ @Foéé%@%{i{ SR ukgfggtg\%%%trgEQ&Qﬂéi%§1 $/ 2he vect:tor of

agaaagcgtc acgcttcccg a agaaa ggcggacagg tatccggtaa
gcggcagtmimss-3, tynealt ajdaimgagetR acthe pluyrayeutical composition of
agggggaaac ¢ gtatc tttatagtc tcgqgttt ceacct ct .

Gact Lt £haBinta o eges Butice ok JugL guBse, comprising
gagcect a&cﬂﬁinﬁﬁéﬁ‘ﬁ% e BoRRARI OGS, BEN b taRfibsitionGhidtthelarea in
tttgctggce ttftgttcac atgttctttc ctgcgttatc ccctgattct

gt ggat aweed oft thetraaoyoali subjestt t gagt ga gct gat accg

ctcgccgcag ccgaacgacc gagcgcagcg agtcagtgag i oo

cgaggaagcg gaagagcgcc caatacgcaa accgcctctc cccgegegtt
ggrc9attkdimethod of claim 43, wherein the further comprising:

modifying hepatocytes to include the construct, vector, cell or
composition, wherein the modifying renders the hepatocytes tumor-
resistant; and

administering the hepatocyes to an area in need of transplant.

45.  The method of claim 44, wherein administering the hepatocytes further

comprises supplying an autograft or allograft.

46. The method of claims 43-45, further comprising preparing hepatocyte

aggregates.



ttaat gcagc tggcacgaca ggtttcccga ctggaaagcg ggcagt gagc
gcaacg aat 8/ 8 taatgtgagt tagctcactc attaggcacc
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48. The method of claim 47, wherein the mammal is born prematurely and

suffers from liver glycogen-insufficiency.

49. The method of claims 43-48, further comprising:
administering the construct, vector, cell or composition into the
mammal; and

treating liver glycogen insufficiency in the mammal.

50. The meth‘od of claims 43-47, wherein the mammal comprises a cancer,

and wherein the cancer produces elevated levels of AFP.

51. The method of claims 43-47, further comprising:
administering the construct into the mammal; and
treating a cancer in the mammal, wherein the cancer produces

elevated levels of AFP.

52. The method of claims.43-47, wherein the mammal exhibits one or more

conditions associated with underdeveloped lung tissue.

53. The method of claims 43-47, further comprising:
administering the construct into the mammal; and
treating one or more symptqms of underdeveloped lung tissue in the

mammal.

54. The method of claim 53, further comprising accelerating maturation of
underdeveloped lung tissues.
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55. The method of claims 43-53, wherein the mammal is a human or non-

human animal.



