
C/EBPalpha gene targeting constructs and uses thereof
Field of the invention The present invention relates
to DNA constructs encoding C/EBPalpha (C/EBPa) and to
the use of said constructs for the inhibition or
prevention of tumours. The invention further relates
to the preparation of knock-in nonhuman mammals and
hepatocytes expressing exogenous C/EBPa under the
control of a tumour-specific promoter. Background of
the invention The murine CCAAT/enhancer binding
protein a (C/EBPa) is a 395 amino acid transcription
factor encoded by a single-exon gene (Christy, R. J.,
et al., 1991, Proc. Natl. Acad. ScL USA 88:2593-2597).
This heat-stable transactivator is highly expressed in
hepatic and adipose tissues but is detectable at lower
levels in the brain, gut, and lungs (Birkenmeier, E.
H., et al., 1989, Genes Dev. 3:1146-1146; Friedman, A.
D., et al., 1989, Genes Dev. 3:1314-1322; Johnson, P.
F., et al., 1987, Genes Dev. 7:133-146). A member of
the bZIP family of proteins, C/EBPa recognizes and
binds to specific DNA sequences through a basic
DNA-binding domain 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/EBP a 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 246:91 - 916;
McKnight, S. L., et al., 1989, Genes Dev.
3:2021-2024).Two important functions had long been
ascribed to C/EBPa based on numerous in vitro studies.
The first is that of a transcriptional regulator that
induces cellular growth arrest and terminal
differentiation in hepatocytes and adipocytes
(Freytag, S. . and Geddes, T. J., 1992, Science
256:379-382; 



Mischoulon, D., et al., 1992, MoI. Cell. Biol.
72:2553-2560). The second is that of a regulator that
transactivates energy-related genes to establish and
maintain energy homeostasis (Kaestner, K. H., et al.,
1990, Proc. Natl. Acad. ScL USA 87:251-255; Park, E.
A., et al., 1990, MoI. Cell. Biol. 70:6264-6272;
McKnight, S. L , et al., 1989, Genes Dev.
3:2021-2024). Early investigations into the functions
of C/EBPg had identified an inverse correlation
between its expression and cellular proliferation.
Work in 3T3-L1 adipoblasts demonstrated that premature
expression of C/EBP a could induce cellular growth
arrest and terminal differentiation (Umek, R. M., et
al., 1991, Science 257:288-292; Freytag, S. . and
Geddes, T. J., 1992, Science 256:379-382).
Observations in rat primary hepatocytes and partial
hepatectomies revealed a greater than 80% drop in
C/EBP a transcripts as the cells progressed into the
growth phase (Mischoulon, D., et al., 1992, MoI. Cell.
Biol. 72:2553-2560.). Western analyses showed cultured
hepatoma cells to contain approximately 5% o f the
amount of C/EBP a as the normal rat liver (Friedman,
A. D., et al., 1 989, Genes Dev. 3:1314-1322).
Proliferation of hepatoma cells and transformed
hepatocytes is inhibited by transfection of
constitutively expressing C/EBP a genes (Hend
ricks-Taylor, L. R. and Darlington, G. J.,1995,
Nucleic Acids Res. 23:4726-4733; Diehl, A. M., et a!.,
1996,J. Bio. Chem. 277:7343- 7350). Other in vitro
experiments showed C/EBP a 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)which binds and transports long chain fatty
acids in adipocytes, stearoyl acyl- CoA desaturase 1
(SCD1) which desaturates fatty acids for transport and
storage in adipocytes, the insulin-responsive glucose
transporter (GLUT4) which controls entry of glucose
into adipocytes for lipogenesis, and
phosphoenolpyruvate carboxykinase (PEPCK) which is a
key enzyme involved in gluconeogenesis (Kaestner, K.
H., et al., 1990, Proc. Natl. Acad. ScL USA
87:251-255; Park, E. A., et al., 1990, MoI. Cell.
Biol. 70:6264-6272). The ability of C/EBP a to
transactivate these genes led to the proposal that its



primary function is that of a regulator of energy
metabolism (McKnight, S. L., et al., 1989, Genes Dev.
3:2021-2024). The principal organ involved in the
maintenance of energy homeostasis in mammals is the
liver. Hepatic C/EBPa mRNA is detectable on the
thirteenth day of the twenty-one day mouse gestation
period; it rises by day 17 and reaches a maximum near
the time of birth (Birkenmeier, 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
prenatal term coincides with the initiation of hepatic
glycogen storage. Rodents, in a time frame analogous
to humans, gain the capacity to synthesize 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). 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 energyrelated
liver enzymes, PEPCK, tyrosine aminotransferase (TAT),
acetyl-CoA carboxylase, albumin, glucose-6-phosphatase
(G Pase), and glycogen synthase (Park, E. A., et al.,
1992, J. Biol. Chem. 267:613-619; Grange, T., etal.,
1991, Nucleic Acids Res. /9:131-139.; Tea, H. J., et
al., 1994, J. Biol. Chem. 269:1 0475-10484; Wang N.
D., et al., 1995, Science 269:1108-1112). Members of
the C/EBP family of transcription factors have been
implicated in the transactivation of these genes. US
5,545,563 ("563) discloses a vector for transient
transfection in mammals expressing C/EBP a under the
control of exogenous CMV or other exogenous
tumour-specific promoter. '563 further discloses a
replacement or insertion vector, capable of expressing
a mutant C/EBPa, for the preparation of knockout (or
deletion) animals, which possess predetermined
mutations and alleles in their chromosomal C/EBPa
genes. According to this method, the naturally present
gene sequence of a cell of the animal is replaced with
an analog 



sequence capable of causing the expression of an
analog C/EBPa that is a sequence which has been
altered compared to the naturally occurring C/EBPa.
The hepatocytes of the knock-out animal prepared with
the method disclosed in US 5,545,563 are prone to
immortalization and accordingly the animals are
predisposed to cancer. Other knock-out mice have been
disclosed in the art (Wang, N. D., et al., 1995,
Science 269:1108-1 12) 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, theirhepatocytes have been shown to be
prone to tumourigenesis (Soriano, H. E., et al., 1998,
Hepatology 27:392-401). Accordingly, these knock-out
animals are not useful for producing, or for testing,
potential therapeutic applications of
C/EBPa-expressing cells and tissues. Another problem
associated with the US 5,545,563 disclosure is its
suggestion to express C/EBPa under the regulation of
the a-fetoprotein (AFP) promoter in a mammalian
vector. Because the normal regulation of AFP is
complex and its complete array of regulatory sequences
may not be known for some time to come, expression
systems that rely o n the use of cloned AFP promoter
DNA run the risk of rendering inaccurate AFP
regulation. Unintended gene expression is a risk
inherent in all current gene therapy strategies. t
would therefore b e desirable to identify and provide
new and different means for the generation of
tumour-resistant cells and animals which could be
useful in the treatment of tumours. Summary of the
inve ntion 



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 DNA molecule encoding
the C/EBP ; and a second region having homology with a
region within the gene locus. The DNA molecule
encoding the C/EBPa and a second region of homology is
positioned downstream of the tumour-specific promoter
sequence. Such a construct allows the expression of
the exogenous C/EBPa under the control of the
endogenous tumour-resistant promoter of a host cell or
animal, for example a mammal. The DNA construct
according to the invention allows the expression of
C/EBPa derived from any organism, preferably a mammal,
such as human or non-human C/EBP a. For example, a
mouse C/EBPa. Preferably, the first region has
homology with an endogenous tumour-specific promoter
of a gene locus, which is activated in liver and lung
tumours. More preferably, the first region is
homologous with an endogenous mammalian a- fetoprotein
(AFP) promoter of the AFP gene locus and the second
region is homologous with a region within the AFP gene
locus. The second region being downstream of the AFP
promoter. Accordingly, a n 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: (i) a first region having
homology with an endogenous AFP promoter gene sequence
of the AFP locus; (ii) a DNA molecule encoding the
C/EBPa gene; and 



a second region having homology with a region within
the endogenous AFP gene locus.The first and second
regions of homology with the endogenous tumourspecific
promoter (for example AFP promoter) of the AFP locus
and within the tumour-specific promoter gene locus are
also indicated as "upstream" and "downstream"
sequence, 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
promoter locus (for example, into the AFP locus). The
invention also provides an expression vector
comprising the DNA construct. Another aspect of the
invention relates to host cells comprising the DNA
construct or the expression vector. The host cell may
be a procaryotic cell. n particular, a mammal cell.
For example, a human or non-human animal hepatocyte or
pneumocyte. The human or non-human animal cell in
which the DNA construct is inserted becomes a
tumour-resistant cell. Accordingly, the present
invention provides tumour-resistant cell(s),
preferably hepatocyte(s) or pneumocyte(s), which can
be used in therapy. For example, tumourresistant
hepatocytes, hepatocyte aggregates or hepatocyte
grafts according to the invention can be administered
to an area in need of transplant 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 with8 the
DNA construct and/or vector of the invention.
Preferably, such transfected 



pluripotent embryonic or adult stem cells are
cultivated and differentiated into tumour-resistant
hepatocytes or pneumocytes. The invention provides a
process for preparing a hepatocyte graft for ,
administration to an area in need of transplant,
wherein the process comprises making the hepatocytes
of the graft tumour-resistant by transfecting these
hepatocytes with the DNA construct. Also provided is a
method for transplanting hepatocytes, hepatocyte
aggregates or hepatocyte grafts, comprising preparing
hepatocytes, hepatocyte aggregates or hepatocyte
grafts transfected with the DNA construct, and
transplanting the prepared transfected hepatocytes,
hepatocyte aggregates or hepatocyte grafts to an area
in need of transplant. The invention also relates to
bioreactors, preferably, bioartificial livers,
comprising the use of the tumour-resistant cells
according to the invention. A further aspect of the
invention is a knock-in non-human animal transfected
or modified with the DNA construct according to the
invention. n such a knock-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 be used in
blastocyst microinjections to produce chimeric animals
that can propagate the modified allele.Alternatively,
somatic cells of an animal could be modified in
culture by transfection with the DNA construct of the
invention and used as donors for nuclear transfer to
generate viable animals carrying the modified allele.
Also provided are tumour-resistant cells isolated from
these knock-in nonhuman animals. Such tumour-resistant
cells are preferably tumour-resistant 



hepatocytes or pneumocytes isolated from these
knock-in animals. These tumour-resistant hepatocytes
can be used to populate bioartificial livers that
provide essential liver function for patients with
liver failure. The present invention also provides a
method for in vivo screening and/or modulation of
tumours comprising administering one or more
carcinogens to a non-human animal transfected with the
DNA construct of the invention and identifying the
tumours which are inhibited or suppressed by the
expression of transgenic C/EBPa. The invention further
provides a method for in vitro tumour screening
comprising: 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 for10 artificial C/EBPa expression is
only necessary until the host's own endogenous C/EBPa
expression becomes activated. A still further aspect
is a method of treating cancer in human or non-human
animals whose cells produce elevated levels of AFP
comprising treating the human or animal cancer with
the circular form of the DNA construct of the
invention. The invention also provides a
pharmaceutical preparation comprising the construct of
the invention and, optionally, a pharmaceutical^
acceptable carrier and/or diluent. Further, the
invention relates to the use of a DNA construct and or
vector 



according to the invention for the manufacturing of a
pharmaceutical preparation for use in medicine. For
example, for the treatment of symptoms associated with
glycogen-insufficiency in a human premature infant or
premature non-human animal; and for the treatment of
cancer in humans or non-human animals whose cells
produce elevated levels of AFP (treating the human or
non-hurnan animal cancer with the circular form of the
DNA construct of the invention). Brief description of
the figures Figure 1 is an illustration of the
AFP-C/EBP a gene targeting construct. The C/EBPa
transgene is striped. The stippled regions represent
the homologous sequences that help mediate homologous
recombination. The D tag is an artificially inserted
sequence containing a HinDIII restriction enzyme site;
it assists in differentiating transcripts produced by
the transgene from endogenous C/EBPa mRNA.11 Figure 2
shows a restriction enzyme map of the AFP-C/EBP a gene
targeting plasmid. * - indicates approximate location
of restriction enzyme site. Figure 3A-C is the
sequence of the AFP-C/EBP a gene targeting plasmid.
The letter "N" denotes undetermined sequence. Sequence
data for the AFP upstream and downstream sequences was
obtained from GenBank NCBI (National Center for
Biotechnology Information) to synthesize PCR probes
used to screen a 129SvJ murine genomic lambda-phage
library purchased from Stratagene. Nucleotides 1-5548
comprises the upstream promoter and regulatory
sequences of AFP (also shown in SEQ D NO:1).
Nucleotides 8707-9612 comprises the AFP downstream
gene sequence starting from the inside of intron 1 up
to part of intron 3 (also shown in SEQ D NO:2). The
section of nucleotides 757-4285 represents the
subsection of the AFP gene that has not been
sequenced. Figure 4 is a schematic of the process used
to create the C/EBP gene knock-in mouse. Figure 5 is a
restriction enzyme map of the wildtype C/EBPa allele
and the 



knock-in allele. The .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/EBP a 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 (Kl C/EBPa)
gene as compared to normal C/EBPa expression.12 Figure
8 shows a graph of real-time PCR data illustrating the
expression profiles of C/EBPa and glycogen synthase
(GS) in knock-in (Kl) and wildtype mice. The data
shows early and higher expression of Kl C/EBPa as well
as higher expression of K l GS in comparison to
wildtype mice. Figure 9 shows that mRNA levels of
C/EBPa were higher in the livers of knock-in versus
wildtype mice between 12.5 and 15.5 days of
gestational age. Figure 10 shows that mRNA levels of
glycogen synthase were higher in the livers of
knock-in versus wildtype mice between 12.5 and 15.5
days of gestational age. Figure (A, B, C, D) shows
liver sections of mice at 15.5 days gestational age.
Slides treated with or without Diastase were stained
with PAS. A) Kl PAS - the pink hue (darker cells)
shows the presence of hepatic glycogen in the knock-in
liver, B) Kl PAS Diastase - diastase has cleared the
slide of glycogen, C) WT PAS - wildtype animals have
not yet deposited glycogen at this time point, D)WT
PAS Diastase 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 carcinogen13 treated knock-in mice (C and
D) exhibit smaller and fewer tumour growths than the
wildtype 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 (i.e., into the host
cell environment or into the knock-in organism)
exogenous C/EBP . Preferably, the DNA construct
according to the invention is a DNA construct for the
expression of a functional C/EBPa comprising, in a 5 t
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; (ii) a DNA molecule encoding C/EBPa; and
(iii) a second region having homology with a region
within the gene locus. 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 expression 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.14 The construct of the present invention
produces results that are particularly advantageous
over the construct suggested in the prior art. For
example, the vector suggested by US 5,545,563 which
relies on expression from a cloned exogenous promoter
has the problem of lacking the complete set of
regulatory elements leading to imprecise gene
expression. The DNA molecule can be any gene molecule
from any organism encoding any C/EBPa known in the art
or any derivative or mutation thereof. Examples of
known C/EBP a genes are for example those disclosed in
the 



NCBI UniGene web page (http://www.ncbi.nlm.nih.gov/).
For example, but not limited to, C/EBPa genes of Mus
musculus, UniGene cluster Mm.34537; Homo sapiens,
UniGene cluster Hs.76171; Rattus norvegicus, Unigene
cluster Rn.22163 (all of them herein incorporated by
reference). The human C/EBPa gene has also been
disclosed in US 5,545,563 (herein incorporated by
reference). Sequence data for the AFP upstream and
downstream sequences was obtained from GenBank NCBI
(National Center for Biotechnology Information) to
synthesize PCR probes used to screen a 129SvJ murine
genomic lambdaphage library purchased 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. t is within the knowledge of a
skilled person in the art how to prepare 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/EBPa.15
The C/EBPa gene used in the preparation of the DNA
construct can be isolated according to a variety of
standard techniques, for example, isolated from human
or animal cDNA libraries. Human or animal cDNA
libraries can be obtained from any human o r animal
cell, for example, from a hepatoma or other cell that
actively expresses C/EBPa. The DNA molecule may be
cloned into any suitable prokaryotic or eukaryotic
vector and the vectors then are screened using a probe
whose sequence is the same as, or complementary to,
that of the desired C/EBP a or to a fragment thereof.
Suitable vectors, as well as the methods for
performing such hybridization screenings are
described, for example, in Sambrook, J. and Russel
D.W., In: Molecular Cloning A Laboratory Manual, 3nd
Edition, (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. (2001), herein incorporated by 



reference). Alternatively, amplification procedures,
such as PCR are used to facilitate the isolation of
the C/EBPa-encoding DNA. PCR methods are reviewed by
Love, S. e al., 992, Neuropath. Appl. Neurobiol.
18:95-1 1. According to another alternative, synthetic
chemical methods may be used to synthesize the C/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. Within 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 (5 ) of the coding sequence. For the
second region of homology (the16 region within the
gene locus), it is convenient to use a homologous
sequence that is at least 500 base-pairs long or
longer. The purpose of the two homologous regions is
to allow DNA cross-over events to insert construct
sequences into the genome. The greater the length of
homology, the more efficient gene targeting should be.
For the invention's construct, particular care was
taken to retain the portion of AFP's intron 1 sequence
believed to contain additional AFP gene regulatory
elements. The first and second regions can be chosen
to have homology to suitable endogenous mammalian
promoters (i.e. promoters that are more active in
tumour cells than in non-tumour cells). Examples of
such a promoter include, the a-fetoprotein (AFP)
promoter, the amylase promoter, the cathepsin E
promoter, the M1 muscarinic receptor promoter, the
gamma-glutamyl transferase promoter, the CMV promoter
or the like. Preferably, the first and second regions
of the DNA construct have homology with the AFP
promoter and a region within the AFP locus. The first
and second regions of homology with the endogenous
tumourspecific 



gene (for example AFP) will preferably flank the DNA
molecule encoding C/EBPa. These first and second
regions are also indicated as "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 1.17 Suitable C/EBPa and AFP
sequences can be prepared from Stratagene's Mouse
Lambda Genomic Library - 129SvJ (Catalog #946313). The
fetal oncoprotein, a-fetoprotein (AFP), is synthesized
primarily in the embryonic liver and yolk sac (Sellem,
C. H., et al., 1984, Dev. Biol. /02:51-60; Dziadek, M.
A. and Andrews, G. K., 1983, EMBO J. 2:549-554). AFP
messenger RNA is detectable in the hepatic primordia
which form on the 10th day of the 21-day mouse
gestation period (Dziadek, M. A. and Andrews, G. K.,
1983, EMBO J. 2:549-554; Kaufman, M. H., 1992, The
Atlas of Mouse Development. London: Academic Press).
Expression peaks in the fetal liver by the 19th day
and decreases to negligible amounts after birth
(Sellem, C. H., et al., 1984, Dev. Biol. /02:51-60).
The AFP prenatal expression pattern precedes fetal
C/EBPa expression in the liver by 2-3 days where
C/EBPa mRNA is detectable on day 13, peaks near the
time of birth, and then also drops after birth
(Birkenmeier, E . H., et al., 1989, Genes Dev.
3:1146-1146; Kuo, C. F., et al., 1990, Dev.
/99:473-481). AFP transcription normally remains off
in the adult; in contrast, C/EBPa transcription rises
to a maximum again as the animal enters the 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,
MoI. Cell. Biol. /2:2553-2560; 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 the18 regulatory elements of
the AFP gene in order to enlist C/EBP as an inhibitor
of tumour growth during chemically induced
carcinogenesis. According to a preferred embodiment,
the first and second regions of the DNA construct of
the invention have homology with the endogenous human
or animal AFP promoter of a gene locus and with a
downstream sequence region within the gene locus.
Accordingly, with standard gene targeting techniques,
a single-copy of the exogenous C/EBPa transgene is
placed under the control of the endogenous mammal,
human or non-human animal, tumour-specific promoter
(ex. AFP promoter) to create a cell or a knock-in
non-human animal capable of producing exogenous C/EBPa
at a time different from the endogenous C/EBPa. For
example, when the exogenous C/EBPa transgene is placed
under the control of the endogenous AFP gene promoter
to create, for example, a C/EBPa gene knock-in mouse
strain, the exogenous C/EBPa is transcribed
specifically in the fetal liver at a time point
earlier than normal as well as in developing liver
tumour cells. The DNA construct of the invention
preferably further comprises at least one selectable
marker gene sequence. 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 G41 . 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 thymidine kinase), the
nptll gene (Thomas, K. R. et a!., 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 detectable19 marker gene may bq any gene
which can complement for a recognizable cellular
deficiency. Most preferably, the DNA construct may
contain flanking gene sequences capable of "negative
selection" as well as "positive selection," such as
the tk gene that encodes thymidine kinase, or the hprt
gene that encodes hypoxanthine phosphoribosyl
transferase. Cells expressing active thymidine kinase
are able to grow in media containing HATG, but are
unable to grow in media containing nucleoside analogs
such as 5-azacytidine (Giphart-Gassler, M . et al.,
1989, Mutat. Res. 214:223-232). Cells containing an
active HSV-tk gene are incapable of growing in the
presence of gancyclovir or similar agents
(Giphart-Gassler, M. et al., 1989, Mutat. Res.
214:223-232). Cells which express an active HPRT
enzyme are unable to grow in the presence of certain
nucleoside analogs (such as 6- thioguanine,
8-azapurine, and the like), but are able to grow in
media supplemented with HAT (hypoxanthine,
aminopterin, and thymidine). Conversely, cells which
fail to express an active HPRT enzyme are unable to
grow in media containing HATG, but are resistant to
analogs such as 6- thioguanine, and the like
(Littlefield, J . W., 1964, Science 145:709-710). The
DNA construct according to the invention can be
introduced into a cell, for example a hepatocyte, a
proliferating somatic cell, a pluripotent stem cell or
an adult stem cell, by any 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 of20 these sequences are
present on the same targeting vector molecule, such
dual selection requires a recombinational event to
occur. The survivors of the 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
sequence has been introduced into the chromosomal
allele. After selection for cells which have
incorporated the desired DNA molecule (for example by
selection for G41 resistant cell), the cells are
cultured, and the presence of the introduced DNA
molecule is confirmed as described above. Any of a
variety of methods may be used to identify cells which
have undergone the desired recombinational event.
Direct screening of clones, use of PCR, use of
hybridization probes, etc., may all be employed for
this purpose. The DNA construct of the invention may
also comprise an identification (ID) tag, which is
used to differentiate transcripts produced by the
transgenic C/EBP from the endogenous C/EBP a mRNA, for
example, by introducing a novel restriction enzyme
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 D tag incorporating a
novel HinDIII site in one embodiment of the DNA
construct of the invention is shown in Figure . 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
prokaryotic or eukaryotic cell.21 Preferred
prokaryotic vectors include plasmids such as those
capable of 



replication in E. coli such as, for example, pBR322,
CoIEI , pSC101 , pACYC 184, piVX. Such plasmids are,
for example, disclosed by Sambrook, J. and Russel
D.W., 2001, In: Molecular Cloning, A Laboratory
Manual, 3rd Ed., Cold Spring Harbor Press, Cold Spring
Harbor, N.Y. Bacillus plasmids include pC194, pC221,
pT127, and the like if desired, yeast and fungal
vectors may be used. Examples of suitable yeast
vectors include the yeast 2-micron circle, the
expression plasmids YEP13, YCP and YRP, etc., or their
derivatives. Such plasmids are well known in the art
(Botstein, D., et al., 1982, Miami Wntr. Symp.
19:265-274). Examples of mammalian vectors are
disclosed by Sambrook, J. and Russel D.W., 2001 , as
above. The C/EBPa-encoding sequences may be expressed
in mammalian cells, using eukaryotic vectors
(especially, a eukaryotic viral or retroviral vector).
Typically, such vectors are designed to include a
prokaryotic replicon, and selectable marker, such that
the propagation of the vector in bacterial cells can
be readily accomplished. n order to replicate in
mammalian cells, however, the vectors will also
contain a viral replicon, such as the replicon of
Epstein-Barr virus, bovine papilloma virus,
parvovirus, 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/EBP a 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 APF NeoTK are shown
in SEQ D NO:1 and SEQ D NO:2.2 2 The DNA construct or
expression vector according to the invention allows
the positioning of the exogenous C/EBPa inside the
chromosome of the host cell, under the control of the
host cell endogenous tumour-specific promoter.
Preferably, the DNA construct comprises the upstream
and downstream 



regions homologous to the AFP promoter and gene locus.
Using standard gene targeting techniques, for example
as described in A. L. Joyner's Gene Targeting: A
Practical Approach, 1993, Oxford University Press, a
singlecopy of the exogenous C/EBPa transgene is placed
under the control of the endogenous human or animal
tumour-specific promoter (ex. AFP promoter) to create
a mammalian host cell or a knock-in non-human animal
capable of producing exogenous C/EBPa at a time
different from the endogenous C/EBPa. For example,
when the exogenous C/EBP a transgene is placed under
the control of the endogenous AFP gene to create, for
example, a C/EBPa gene knock-in mouse strain, the
exogenous C/EBP a is transcribed specifically in the
fetal liver at a time point earlier than normal as
well as in developing liver tumour cells. According to
another 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 construct 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/EBP a transgene 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/EBP a and inhibiting cell
proliferation. Accordingly, the23 exogenous C/EBPa
introduced into the host cells with the DNA construct
is only produced in transfected hepatocytes rendering
them less prone to tumourigenesis and carcinogenesis
than normal hepatocytes. Such tumourresistant cells
are useful for transplant or therapy. For example,
hepatocytes containing the C/EBP a knock-in allele
could be used to provide transplant patients with a
cell source that is more resistant to tumourigenesis
than normal liver cells and thus give the patient a
level of protection against future 



liver cancer. Additionally, the tumour-resistant
hepatocytes also can be used to populate bioartificial
liver systems. The tumour-resistant hepatocytes in
such a system would be less likely to secrete harmful
tumourigenic substances into the body of the patient
than non-transfected hepatocytes in traditional
bioartificial systems. The tumour-resistant host cell
of the invention may be a single cell, a cell culture,
a cell aggregate or a cell graft for transplant. The
tumour-resistant host cell may also be isolated from
knock-in non-human animals modified by the DNA
construct or expression vector of the invention as
disclosed below. The tumour-resistant host cell may
also be isolated from human or nonhuman animal
pluripotent embryonic (ES) or adult stem cells
transfected with 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 state or capable
of differentiating into a specific 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, Proceedings o f the National Academy of Sciences
of USA, Vol.92,24 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). They can also be used for the preparation
of transgenic animals, as explained below. The
invention provides a mammalian, human or non-human
animal, hepatocyte graft for administration to an area
in need of transplant, wherein the cells of the
hepatocyte graft are tumour-resistant cells and
comprise the DNA construct of the invention. The graft
may be an autograft or allograft. Also provided is a
process for preparing a hepatocyte graft for
administration 



to an area in need of transplant, wherein the process
comprises making the hepatocytes of the graft
tumour-resistant by transfecting these hepatocytes
with the DNA construct of the invention. Further, it
is provided a method for transplanting hepatocytes,
hepatocyte aggregates o r hepatocyte grafts,
comprising preparing hepatocytes, hepatocyte
aggregates or hepatocyte grafts modified with the DNA
construct of the invention, and transplanting the
modified prepared hepatocytes, hepatocyte aggregates
or hepatocyte grafts to an area in need 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. n fact, the inverse
relationship in gene activation between C/EBP and AFP
presents an ideal solution for artificially expressing
C/EBP 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, Biochem25 Biophys Res Commun.,
306(1):16-25). Because of insufficient quantities of
transplantable livers, alternatives for intact tissue
transplantation have been developed including cellular
hepatocyte transplantation (Ohashi K., et al., 2001 ,
J MoI Med, 79:617-630) and, for short durations, the
use of bioartificial livers. A major concern regarding
these alternatives is the potential of the cells in
these systems to undergo neoplastic transformation.
Transplanted hepatocytes that become malignant pose
obvious dangers to the recipient; malignant cells in
bioartificial livers also present serious problems as
tumourigenic factors may be secreted by these cells
into the body of the patient. To reduce these risks in
hepatocyte transplantation and bioartificial liver
systems, genetic modifications in hepatocytes that
minimize the occurrence of tumourigenesis are highly
desirable. According to a further aspect, it is
therefore provided tumour-resistant 



hepatocyte cultures or hepatocyte aggregates prepared
according to any embodiment of the invention for use
in bioartificial livers (also known as hepatocyte
bioreactors). Hepatocyte bioreactors or bioartificial
livers are known in the art (for example as disclosed
in US 5,270,192 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(r)), Vitagen;
HepatAssist 2000, Circle Biomedical; Bioartificial
Liver Support System (BLSS(r)), Excorp Medical, Inc.;
LIVERX2000 System, Algenix Inc.; Modular
Extracorporeal Liver System (MEL(r)), Charite Virchow
Clinic Berlin, etc.26 Tumour-resistant host cells,
preferably hepatocytes, transfected with the DNA
construct of the invention are preferably isolated
from knock-in animals prepared as described below.
Experimental results using cultured primary liver
cells derived from newborn knock-in mice indicate that
the cells experience a significantly greater degree of
growth inhibition than normal cells when exposed to
chemically induced DNA damage. DNA damage is one of
the initiators of HCC (Bralet M., et al., 2002,
Hepatology, 36(3):624-630). This observation suggests
that the cultured knock-in liver cells possess a
greater resistance to tumourigenesis than normal liver
cells. Another embodiment of the invention is to
provide a method for the treatment of symptoms in
premature human infants or premature animals
associated with liver glycogen-insufficiency. The
capacity to synthesize and store glycogen is one of
the hallmarks of mature hepatocytes. Normal
hepatocytes do not gain this ability until near the
time of birth. As described later, the present authors
have found that after 



birth, the C/EBP 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/EBP a 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 is27 specific to the fetal liver,
inadvertent transfection of non-liver cells would not
result in unwanted C/EBP expression. Also, the
AFP-C/EBP a construct of the invention can be used in
a new gene therapy strategy to combat hepatocellular
carcinoma in humans or animals. Transient transfection
of the DNA construct into patients with liver cancer
would suppress growth only of cancerous cells without
affecting normal cells because the majority of liver
cancer cells reactivate the AFP promoter while normal
cells do not. n order to provide a "gene therapy" for
the cancer, the DNA construct of the invention is
preferably introduced into a suitable vector, most
preferably, viral or retroviral vectors are employed
for this purpose. Examples of suitable vectors, in
addition to those identified above, are discussed by
Fletcher, F. A. et al., 1991 , J. Exper. Med.
174:837-845; M akel a, T. P. et al. , 1992, Gene
18:293-294; Porgador, A. et al., 1992, Cane. Res.
52:3679-3686; Yoshimura, K. et al., 1992, Nucl. Acids
Res. 20:3233-3240. The principles of gene therapy are
disclosed by Oldham, R. K. (In: 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, o r 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).28 Adenovirus vectors may
be employed to deliver the exogenous C/EBP - encoding
sequences to the liver (as by injecting such vectors
directly into the recipient's portal vein). The nature
of the blood flow to the liver makes it likely that
any vector delivered via the portal vein will come to
reside within the hepatocytes and tumours of the
liver, but is unlikely to extend outside of that organ
to other tissues. n sum, the vectors are likely to
become "trapped" in the liver tissue which serves as a
filter for the body. n a similar manner as above,
constructs containing a lung-specific promoter in
place of the AFP promoter can be used to accelerate
maturation of underdeveloped lung tissues leading to
improved survival and quality of life for these
infants as well as to treat pulmonary cancer in adult
human or animals. Some promoters which may be used in
conjunction with C/EBPa for inhibiting lung cancer
are: GRP (gastrin-releasing peptide), NSE (neuron
specific enolase), and CEA (carcinoembryonic antigen).
Another embodiment of the invention relates to the
preparation of knock-in non-human animals, preferably
mammals, transfected with the DNA construct 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
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/EBP a transgene under the
regulation of one of the two endogenous alleles of the
mouse AFP gene promoter. However, as already
mentioned, other29 tumour-specific promoters other
than the AFP promoter may be used. Also other knock-in
non-human animals other than mice can be created.
Knock-in non-human animals can be prepared according
to any standard technique known in the art. An outline
of an example of the preparation of knock-in mice is
shown in Figure 4. The DNA construct or expression
vector according to any embodiment of the invention
can be used for the preparation of non-human knock-in
animals. Preferably, the DNA construct and/or vector
is linearized and introduced into pluripotent
recipient cells (preferably embryonic stem ("ES")
cells), or equivalent (Robertson, E. J., In: Current
Communications in Molecular Biology, Capecchi, M. R.
(ed.), Cold Spring Harbor Press, Cold Spring Harbor,
N.Y. (1989), pp. 39-44, which reference is
incorporated herein by reference). The transfected
pluripotent cell may be cultured in vivo, in a manner
known in the art (Evans, M. J. et al., Nature
292:154-156 (1981)) to form a transgenic animal. Any
ES cell may be used in accordance with the present
invention. t 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, Cold30 Spring
Harbor, N.Y. (1989), pp. 39-44), or from the clonal
isolation of ES cells 



from the CCE cell line (Schwartzberg, P. A. et al.,
Science 246:799-803 (1989), which reference is
incorporated herein by reference). Such clonal
isolation may be accomplished according to the method
of E. J. Robertson (In: Teratocarcinomas and Embryonic
Stem Cells: A Practical Approach, (E. J. Robertson,
Ed.), IRL Press, Oxford, 1987) which reference and
method are incorporated herein by reference. The
purpose of such clonal propagation is to obtain ES
cells which have a greater efficiency for
differentiating into an animal. The DNA construct
comprising the exogenous C/EBP may be introduced into
the pluripotent cell by any method which allows the
introduced molecule to undergo recombination at its
regions of homology. After electroporation, the ES
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 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 sequence 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 of31 clones, use
of PCR, use of hybridization probes, etc., may all be
employed for this purpose. ES cells that have
undergone recombination may be used to produce the
knock-in non-human transgenic animals. The ES cells
are preferably cultured on stromal cells (such as STO
cells (especially SNC4 STO cells) and/or 



primary embryonic fibroblast cells) as described b E.
J. Robertson (In: Teratocarcinomas and Embryonic Stem
Cells: A Practical Approach, (E. J. Robertson, Ed.),
IRL Press, Oxford, 1987, pp 71-112), which reference
is incorporated herein by reference. The stromal
(and/or fibroblast) cells serve to eliminate the
clonal overgrowth of abnormal ES cells. n a preferred
embodiment, the present authors have used gene
targeting techniques to place a single-copy C/EBPa
transgene under the control of the endogenous mouse
-fetoprotein (AFP) gene promoter to create a C/EBPa
gene knock-in mouse strain. The transgene is expressed
in the fetal liver several days prior to endogenous
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/EBP a is known to be
necessary for maintaining the nontransformed hepatic
phenotype. Because the AFP promoter is reactivated in
hepatocellular carcinoma, where normal C/EBPa
expression is turned off, our32 knock-in mice gave us
a unique opportunity to test C/EBPa as an inhibitor of
liver tumour formation in vivo. This novel non-human
animal knock-in model may be used as an in vivo
platform for identifying the types of carcinogens and
the varieties of tumours that can be inhibited and
suppressed by expression of transgenic C/EBPa. More in
particular, these novel non-human animal knock-in
model or host cells, preferably hepatocytes or
pneumocytes obtained from such knock-in animal, may be
used as an in vivo platform for identifying the types
of carcinogens and the varieties o tumours that can be
inhibited and suppressed by expression of transgenic
C/EBPa. 



The host cells, i particular hepatocytes or
pneumocytes, derived from this knock-in non-human
animal may also be used as an in vitro assay for
carcinogens that are susceptible to C/EBPa treatment.
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., e 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 .33 The knock-in
non-human animal according to the invention may be
used to supply liver cells that are highly resistant
to tumourigenesis for use in models testing hepatocyte
transplantation and for populating bioartificial liver
systems. One common concern regarding both hepatocyte
transplantation and bioartificial livers is the
potential of their cells to undergo neoplastic
transformation. The presence of the C/EBPa transgene
in the hepatocytes would greatly reduce the risk of
this complication. Accordingly, it is provided: a
non-human knock-in animal modified with the DNA
construct or expression vector of the invention; a
non-human knock-in animal, wherein the animal's
endogenous tumour-specific promoter transcribes the
exogenous C/EBPa transgene specifically in the fetal
liver at a point earlier than normal; a knock-in
animal, wherein the tumour-specific promoter is AFP; a
knock-in animal, wherein the exogenous C/EBPa
transgene expresses C/EBPa mRNA prior to endogenous
C/EBPa production; a tumour-resistant cell isolated
from the knock-in animal according to the 



invention; a tumour-resistant cell isolated from the
knock-in animals, wherein the tumour-resistant cell is
a hepatocyte or pneumocyte; a human or animal
pluripotent embryonic 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.34 Said medical or
pharmaceutical composition may be used for any medical
treatment, and in particular for any of the treatments
indicated, such as but not limited to: the treatment
of cancer, preferably for the treatment of cancer in a
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 a human or animal. The invention further relates to
the use of any DNA construct and/or vector according
to the invention for the preparation of a medical or
pharmaceutical composition for the treatment of (but
not limited to): the treatment of cancer, preferably
for the treatment of cancer in human or animal whose
cancer cells produce elevate levels o f AFP; the
treatment of symptoms associated with liver
glycogen-insufficiency in a human premature infant or
a premature animal; the treatment o f conditions
associated with underdeveloped lung tissue in human or
animal. Having now generally described 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.,35 Molecular
Cloning, A Laboratory Manual, 3rd edition, 2001 , Cold
Spring Harbor Laboratory Press) were used to build the
AFP-C/EBP a gene targeting construct detailed in
Figures 1-3. A 5.5kb EcoRI-Taql fragment of the AFP
promoter and upstream sequence was spliced onto the
Nrul-Spel C/EBP gene sequence in a pBlueScript vector.
An extra T nucleotide at position 5549 was retained
between the AFP fragment and the C/EBP a fragment
which facilitated the construction process. An
oligonucleotide sequence containing the HinDIII
identification tag and two polyadenylation signals was
ligated into the Spel site at the end of the C/EBPa
gene sequence from position 7021-7056. A PGKneo
expression cassette containing the neomycin gene and a
PGK promoter (purchased from 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 Sad digestion was blunt-end
ligated downstream of the neomycin cassette to provide
sufficient homologous sequence to promote efficient
gene targeting into the AFP locus. MCMk 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 (25mg/ml) was linearized using EcoRI and
electroporated into mouse embryonic stem cells (1.8x1
6 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 (2mmol/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 founder36 mice carrying the altered
allele in their germ cells. The founders were bred to
produce gene targeted knock-in mice. The complete
process for generating the knock-in mice is shown in
Figure 4. The wildtype C/EBP a gene locus and the
expected knock-in gene locus are illustrated in Figure
5. A C/EBPa probe would be expected to detect DNA
fragments of different sizes in wildtype versus
knock-in mice (as illustrated). Southern blots probed
with a C/EBPa sequence demonstrated the presence of
the altered allele in the knock-in mice (Figure 6).
Under Pstl digestion, knock-in mouse DNA shows an
extra 1kb C/EBPa fragment that is absent in the
wildtype animal. Under Hindlll digestion, the extra
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/EBP a mRNA have been assessed by
using real-time PCR in a LightCycler. Oligonucleotide
primers used were 5'- TGGACAAGAACAGCAACGAGTA-3' (SED D
NO:3) and 5'- GCAGTTGCCATG GCCTTGA-3 (SEQ D NO:4).37
We found C/EBPa mRNA in the knock-in mice to be
detectable earlier and at higher amounts than in the
wildtype animals (Figure 8). 



Additionally, to evaluate the functionality of the
newly expressed transgene, we measured the levels of
glycogen synthase mRNA also using real-time PCR.
Oligonucleotide primers used were 5'-
CCATGAACAGCAAGGGTTGTAA-3' (SEQ D NO:5) and 5'-
TGGAAGTGGGCAACCACATA-3' (SEQ D NO:6). C/EBPa mRNA
levels were determined to be between 100% to 300%
higher in the knock-in mice from 12.5 - 15.5 days of
gestation than in the wildtype and glycogen synthase
mRNA was 25%-50% higher over the same time period
(Figure 9). Earlier studies had shown C/EBPa to be a
transcriptional activator of the glycogen synthase
gene (Wang, N. D., et al., 1995, Science 269:1108-1
12). Glycogen synthase mRNA 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 1). Under
PAS staining, glycogen produces a pinkish hue, which
is seen as darker cells in Figure 1A. Figure shows
that glycogen is present in the liver of the knock-in
mouse fetus at 5.5 days gestational age. Diastase
treatment digests away any glycogen that may be
present on the slide. Figure B 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 C (PAS staining) and D (PAS-diastase)
show that wildtype fetal38 livers at 15.5 days
gestational age do not normally contain detectable
glycogen. Example 3 Resistance to tumourigenesis We
further verified that our genetic modification could
confer upon hepatocytes a degree of resistance to
tumourigenesis. 



We exposed cultures of primary hepatocytes derived
from 18.5 day old mouse fetuses to 3.2mlv1
n-nitrosopiperidine, a genotoxic agent. Fetal livers
were minced with a scalpel under sterile conditions in
calcium-free Earle's Balanced Salt Solution
(Gibco-BRL) containing 50mmol/L EDTA to obtain tissue
fragments. These tissue fragments were then incubated
in Earle's Balanced Salt Solution with calcium
(Gibco-BRL) and 0.02mg/ml soybean trypsin inhibitor
(Sigma) and .6mg/ml collagenase (Sigma) and incubated
at 37 C, 5% 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 10mg diethylnitrosamine (DEN) per gram
of body weight, we were able to observe39 the effects
of our transgene o n the development of liver tumours
in live animal models. DEN is another genotoxic agent
known to produce hepatocellular carcinomas (Bralet,
M., e al., 2002, Hepatology 36(3):624-630). The mice
were maintained on a 12 hour light and hour dark daily
cycle and had unrestricted access to food and water.
Figure 14 shows that while the wildtype livers (A, B)
contained many tumourous growths, knock-in livers (C,
D) had dramatically fewer tumours. A visual survey of
the liver surfaces for nodules and tumours revealed
markedly fewer numbers in the knock-ins ( 9.8 + 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.40 Claims . A DNA construct comprising: a
first region having homology with an endogenous
tumourspecific promoter gene sequence of a gene locus;
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;
wherein the construct is operable to express a
functional C/EBPa protein. 2. The construct of claim
1, wherein the DNA molecule encodes human C/EBPa. 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
AFP gene locus. 5. The construct of claims 1-4,
further comprising a selectable marker, and
identification tag, or a combination thereof. 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 D NO:1; and a DNA molecule having the
sequence of SEQ D NO:2.41 8. A host cell comprising
the construct of claims 1-5 and/or the vector of
claims 6-7. 9. The host cell of claim 8, wherein the
host cell is present in a cell culture. 10. The host
cell of claims 8-9, wherein the host cell is a mammal
hepatocyte or pneumocyte. 



. The host cell of claims 8-1 , wherein the host cell
is a human or mouse cell. 12. The host cell of claims
8-1 wherein the host cell is a tumour-resistant cell.
13. The host cell of claims 8-12, wherein the host
cell is a hepatocyte and/or pneumocyte suitable for
grafting in an area in need of transplant. 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.42 17. The cell of
claims 14-16, wherein the cell is a pluripotent,
embryonic, or adult stem cell. 18. The cell of claims
14 and 16-17, wherein the cell is a human cell. 19.
The cell of claims 14-18, wherein the cell is derived
from a stem cell. 20. A hepatocyte bioreactor
comprising the construct of claims 1-5 and/or the
vector of claims 6-7. 21. A pharmaceutical composition
comprising the construct of claims 1-5 and/or the
vector of claims 6-7. 22. The pharmaceutical
composition of claim 21, further comprises a
pharmaceutically acceptable carrier, a diluent, or a
combination thereof. 23. The construct of claims 1-5
or the vector of claims 6-7 for use in medicine. 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
glycogeninsufficiency and treatment of cancer. 



25. The use of claim 24, wherein the symptoms
associated with glycogeninsufficiency are displayed in
a human premature infant or a premature non-human
animal.43 26. The use of claims 24-25, wherein the
cancer is in human or non-human animal whose cells
produce elevated levels of AFP. 27. The use of claims
24-26, wherein the human or non-human animal was born
prematurely and suffers from liver
glycogen-insufficiency. 28. The use of claims 24-25,
wherein the human or non-human animal exhibits one or
more conditions associated with underdeveloped lung
tissue. 29. The use of claims 24-25, wherein the
treatment further comprises accelerating maturation of
underdeveloped lung tissues. 30. A process for
introducing a construct into an isolated cell, cell
culture or graft comprising the steps of: preparing a
DNA construct operable to express functional mammalian
C/EBP protein, the construct comprising: a first
region having homology with an endogenous tumour-
specific promoter gene sequence of a gene locus; 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 construct44
modify the hepatocyte(s) and/or pneumocyte(s) to
render the hepatocyte(s) and/or pneumocyte(s)
tumour-resistant. 



32. The process of claims 30-31, further comprising
administering the hepatocyte and/or pneumocyte to a
graft. 33. The process of claims 30-31, further
comprising preparing hepatocyte and/or pneumocyte
aggregate(s). 34. The process of claims 30-33, further
comprising preparing hepatocyte and/or pneumocyte
grafts. 35. The process of claims 30-34, wherein the
graft is autograft or allograft. 36. A non-human
knock-in mammal comprising the DNA construct of claims
1-5 and/or the vector of claims 6-7. 37. The mammal of
claim 36, wherein the mammal is a mouse. 38. The
mammal of claims 36-37, wherein the construct is
transcribed in the fetal liver at an earlier point
than normal. 39. The mammal of claims 36-38, wherein
the construct expresses C/EBP 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; and45
identifying one or more tumours, wherein the tumour(s)
is inhibited and/or suppressed by the function of
C/EBPa protein. 41. The method of claim 40, further
comprising modulating growth of one or more tumours.
42. A method for in vitro tumour screening comprising:
modifying a cell or cell culture to express the DNA
construct of claims 1-5; 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. 43. A process for introducing the construct
of claims 1-5, the vector of claims 6-7, the cell of
claims 8-19 or the pharmaceutical composition of 



claims 21-22 into an area in need of a mammal subject,
comprising administering the construct, vector, cell
or composition into the area in need of the mammal
subject. 44. The method of claim 43, wherein the
further comprising: modifying hepatocytes to include
the construct, vector, cell or composition, wherein
the modifying renders the hepatocytes tumorresistant;
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.46 47. The method of claims 43-46, further
comprising preparing hepatocyte grafts. 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 method
of claims 43-47, wherein the mammal comprises a
cancer, and wherein the cancer produces elevated
levels of AFP. 5 . 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 symptoms of underdeveloped lung
tissue in the mammal. 54. The method of claim 53,
further comprising accelerating maturation of
underdeveloped lung tissues.47 55. The method of
claims 43-53, wherein the mammal is a human or
nonhuman animal.1/8 SEQUENCE LISTING <110> National
University of Singapore <120> C/EBPalpha 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>
Artificial <220> <223> 1-757 comprising of upstream
region of AFPalphaNeoTK <400> 1 aattcaggtg gctcacagca
tactaggatg tgagggcgca tgggaagcac cgtgaggaaa 60
cgatctaaag agcgttagac gttgtcagag agggacgttc tccagtgagc
acttgggtac 120 acacacagac aattatatga tctgtacctt
gaagagtagt ggtaagattt gataagcatt 180 gatgggtaag
gcactagaaa tgtaagaact gtgctttcag ggacacatat ttgcacacac
240 acacacacac acacacacac acaaaggatc ctgaaagagt
gaaagtcatt ttctgctaac 300 tcacatgtgc agtttaactg
tacattttaa atataccagt cctaagaatg gtgatattta 360
ctctcatctt tttagaaata tttgtagcca cccagcactt aggatacatc
attccacctc 420 cacacgaatg*tacacttgag gagaggtatt
gtttctgtga tacaaatgat aaaatccaga 480 ttcagtcata
ttacattatt tgctgaatgt cgtatggcaa gcaacgggca caagcaagat
540 



tagcatcttt ttgatggcag agttcagttt accgggtcac attgtacctg
ggaagattca 600 aggatttatg gaaaaagtca acaacaggag
tcagagcagc ccggaaaagc atggactctg 660 tacttaagga
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 comprising the downstream sequence of
AFPalphaNeoTK <400> 2 ttatcaacac tttattttga ggacagaaag
aaagtgcagg tacagtttga aaatatggtc 60 atactggggt
gtttgttttc ccattttcta ttactaatat attatgggaa tctttccatt
120 gcattaaatg ttactctatg aactaggttt gatcgtagta
ctcccctcca ttttatgagt 180 acactatatt ttctagtgta
agttatttgt ttttataatc acatctttaa cataaccgct 240
cctaggctct gcgatggctc agtagttaag ggcacctttc tgctcttcca
gaggacctgg 300 gttcaatttt cagtgcccac atggcagctc
acaaccatct gtaactctag ttccagggga 360 tccaatatcc
tcttcagacc tcttcaggaa acagctatgc acatagcaca caggcatatg
420 ttcaaccaaa acactgaaac acataaaaga aatgtttaaa
gaatgaattt aaaaaaataa 480 aaaataaact caactacata
tgaagcctta gcaaacatgt ctggacctct agacacacag 540
actctgacac gccaacgtct gagttctagt ttcgatacgc actgggaagt
tttaaaagtt 600 ttccatcaac tctaatgtgt agagaaatgg
aaactatcat agactctacg gcattgaggg 660 tgaaggtatg
agtgaagcac tcttagggtc agaagtatgt cagtgcccat ttgttgctgt
720 tagcatcatc atcttagggc ttgagaggat gttgcagctg
acccatgcac ctgtgacata 780 catatggaat tattctttgg
cacataaaat tagaatggga gctggctcat caggttttgt 840
gctgtaagtt ttctatgtta aaccagatgc gatacactaa ataaaataaa
atatacttga 900 ccgatggttt tgagcgaaat aataactgga
taatcaagaa atatatccac taatgaatag 960 cctgactact
gaaacaattt gttcagtgcc tagcatatgg tgtgcatttt attatttctt
1020 tcaaaaagaa tgtatttgga gttacatagt aagtctgcta
ccttttcttt atggctatat 1080 ctatgtctta tgttgagatg
aatgaattat tcttcagggg aaataatcta tttgaacagt 1140 



ttagatggtg aagaacattt gcagcatttg caacjattttt
ttccactctg aagtggtctt 1200 tgtccttgaa cataggatac
aagtgacccc tgctctgtta attattggca aattgcctaa 1260
cttcaacgta aggaaataga gtcatatgtt tgctcactga aggttactag
ttaacaggca 1320 tcccttaaac aggatataaa aggacttcag
caggactgct cgattcgcga cccgaagctg 1380 cgcgggcgcg
agccagttgg ggcactgggt gggcggcggc gacagcggcg ccacgcgcag
1440 gctggaggcc gccgaggctc gccatgccgg gagaactcta
actcccccat ggagtcggcc 1500 gacttctacg aggtggagcc
gcggcccccg atgagcagtc acctccagag ccccccgcac 1560
gcgcccagca acgcccgcct ttggctttcc ccggggcgcg ggccccgcgc
cgcccccagc 16203/8 cccacctgcc gccccggagc cgctgggcgg
atctgcgagc acgagacgtc tatagacatc 1680 agcgcctaca
tcgacccggc cgccttcaac gacgagttcc tggccgacct cttccagcac
1740 agccgacagc aggagaaggc caaggcggcg gcgggccccg
cgggtggcgg cggtgacttt 1800 gactacccgg gagccccggc
gggccccggc ggcgcggtca tgtccgcggg ggcgcacggg 1860
ccccctcccg gctacggctg tgcggcggcc ggctacctgg acggcaggct
ggagcccctg 1920 tacgagcgcg tcggggcgcc cgcgctacgg
ccgctggtga tcaaacaaga gccccgcgag 1980 gaggacgagg
cgaagcagct ggcgctggcc ggcctcttcc cctaccagcc accgccgcca
2040 ccgccaccgc cgcacccgca cgcgtctccc gcgcacctgg
ccgcccccca cttgcagttc 2100 cagatcgcgc actgcggcca
gaccaccatg cacctacagc ctggccaccc cacaccgccg 2160
cccacgcccg tgcccagccc gcacgctgcg cccgccttgg gtgctgcggg
cctgcctggc 2220 cccgggagcg cgctcaaggg cttggccggt
gcgcaccccg acctccgcac gggaggcggc 2280 ggcggtggca
gcggtgccgg tgcgggcaaa gccaagaagt cggtggacaa gaacagcaac
2340 gagtaccggg tacggcggga acgcaacaac atcgcggtgc
gcaagagccg agataaagcc 2400 aaacaacgca acgtggagac
gcaacagaag gtgctggagt tgaccagtga caatgaccgc 2460
ctgcgcaagc gggtggaaca gctgagccgt gaactggaca cgctgcgggg
catcttccgc 2520 cagctgcctg agagctcctt ggtcaaggcc
atggcaactg cgcgtgaggc gcgcggctgc 2580 gggaccgcct
tgggccggcc ccctggctgg agacccagag gatggtttcg ggtcgctgga
2640 tctctaggct gcccgggccg cgcaagccag gactaggaga
ttccggtgtg gcctgaaagc 2700 ctggcctgct ccgcgtgtcc
cctcccttcc tctgagccgg actcggtgcg tctaagatga 2760
gggagtcagg dcgtggtggt ttctccttga gaccgagaga cttttccgcg
gagctgagct 2820 gggggcccgg cagtactagt aagcttaata
aaaacagaca ataaaagaat tggcctgccg 2880 ccccgacgtt
ggctgcgagc cctgggcctt cacccgaact tggggggtgg ggtggggaaa
2940 



aggaagaaac gcgggcgtat tggccccaat ggggtctcgg tggggtatcg
acagagtgcc 3000 agccctggga ccgaaccccg cgtttatgaa caaa
gaccc aacaccgtgc gttttattct 3060 gtctttttat tgccgtcata
gcgcgggttc cttccggtat tgtctccttc cgtgtttcag 3120
ttagcctcc cctagggtgg gcgaagaact ccagcatgag atccccgcgc
tggaggatca 3180 tccagccggc gtcccggaaa acgattccga
agcccaacct ttcatagaag gcggcggtgg 3240 aatcgaaatc
tcgtgatggc aggttgggcg tcgcttggtc ggtcatttcg aaccccagag
3300 tcccgctcag aagaactcgt caagaaggcg atagaaggcg
atgcgctgcg aatcgggagc 33604/8 ggcgataccg taaagcacga
ggaagcggtc agcccattcg ccgccaagct cttcagcaat 3420
atcacgggta gccaacgcta tgtcctgata gcggtccgcc acacccagcc
ggccacagtc 3480 gatgaatcca gaaaagcggc cattttccac
catgatattc ggcaagcagg catcgccatg 3540 ggtcacgacg
agatcctcgc cgtcgggcat gctcgccttg agcctggcga acagttcggc
3600 tggcgcgagc ccctgatgct cttcgtccag atcatcctga
tcgacaagac cggcttccat 3660 ccgagtacgt gctcgctcga
tgcgatgttt cgcttggtgg tcgaatgggc aggtagccgg 3720
atcaagcgta tgcagccgcc gcattgcatc agccatgatg gatactttct
cggcaggagc 3780 aaggtgagat gacaggagat cctgccccgg
cacttcgccc aatagcagcc agtcccttcc 3840 cgcttcagtg
acaacgtcga. gcacagctgc gcaaggaacg cccgtcgtgg
ccagccacga 3900 tagccgcgct gcctcgtctt gcagttcatt
cagggcaccg gacaggtcgg tcttgacaaa 3960 aagaaccggg
cgcccctgcg ctgacagccg gaacacggcg gcatcagagc agccgattgt
4020 ctgttgtgcc cagtcatagc cgaatagcct ctccacccaa
gcggccggag aacctgcgtg 4080 caatccatct tgttcaatca.
tgcgaaacga tcctcatcct gtctcttgat cgatctttgc 4140
aaaagcctag gcctccaaaa. aagcctcctc actacttctg
gaatagctca gaggccgagg 4200 cggcctcggc ctctgcataa.
ataaaaaaaa ttagtcagcc atggggcgga gaatgggcgg 4260
aactgggcgg agttaggggc gggatgggcg gagttagggg cgggactatg
gttgctgact 4320 aattgagatg catgctttgc: atacttctgc
ctgctgggga gcctggggac tttccacacc 4380 tggttgctga
ctaattgaga tgcatgcttt gcatacttct gcctgctggg gagcctgggg
4440 actttccaca ccctaactga. cacacattcc acagctggtt cttt
cgcct caggactctt 4500 cctttttcaa taattctcta gcactttgta
gaccaggctg gcctcgaact cagaaatccg 4560 cctgcctctg
cctcccgagt gctgggatta aaggtgtgcg ccaccacacc cggctctcca
4620 ggtatcttga cttaagcatt ctatatactg ttgaagacca
ggtatagatc taagtggtag 4680 atagatttag atgtaatgta.
attttatgta agaggcttat aaaataacag cagtgttcaa 4740 



cacaatcaat tttggatgtg ttccatgctc aatttttttt tgatattaat
tatttagtag 4800 ggtctcatgt ctagttcttc gggttgacag
aaataacatt ttcactctca atctttttaa 4860 aagtgctaat
tgttcgactc tctggaaagc ctaatgtgaa caggccgact gtagcataat
492 0 tatgtccaaa gctactaaat gaagccattt tgaatattat
actgtgaggg agccaagtag 4980 taaggggacc tgaaagatga.
gtattagtac taagtctgca actgatcatt ctggttaact 50405/8
ttgttcctta atttttcagt gtccccaagt gtaaaattaa gatgtctgga
caggtggttc 5100 ctaacaactt ggcagttcta agacttcatg
gcttgggttt aaattccaca acgattgctt 5160 tcccggttaa
aatcctcact tgtccaagtc tgttttcctt tcagcttcca cgttagattc
5220 ctcccagtgc gtgacggaga agaatgtgct tagcatgtaa
gtttcgcttc catcaatgtg 5280 ctgcagaaat ggcgtgcaga
gataagtcta ggcaaccgaa tgtgaggttt gaaattacag 5340
gagcaaattg ggcagcttta aggctttgct tgtgctgaat atcacactga
taagcaacat 5400 gtttaacttc ggtcaacgct ttagatcgag
tcgactccct ttagtgaggg ttaattgcta 5460 gagcggccga
ccgtagagtc gagcagtgtg gttttcaaga ggaagcaaaa agcctctcca
5520 cccaggcctg gaatgtttcc acccaatgtc gagcagtgtg
gttttgcaag aggaagcaaa 5580 aagcctctcc acccaggcct
ggaatgtttc cacccaatgt cgagcaaacc ccgcccagcg 5640
tcttgtcatt ggcgaattgg aacacgcaga tgcagtcggg gcggcgcggt
cccaggtcca 5700 cttcgcatat taaggtgacg cgtgtggcct
cgaacaccga gcgaccctgc agcgacccgc 5760 ttaacagccjt
caacagcgtg ccgcacatct tggtggcgtg aaactcccgc acctcttcgg
5820 ccagcgcctt gtagaagcgc gtatggcttc gtaccccggc
catcagcacg cgtctgcgtt 5880 cgaccaggct gcgcgttctc
gcggccatag caaccgacgt acggcgttgc gccctcgccg 5940
gcagcaagaa gccacggaag tccgcccgga gcagaaaatg cccacgctac
tgcgggttta 6000 tatagacggt ccccacggga tggggaaaac
caccaccacg caactgctgg tggccctggg 6060 ttcgcgcgac
gatatcgtct acgtacccga gccgatgact tactggcggg tgctgggggc
6120 ttccgagaca atcgcgaaca tctacaccac acaacaccgc
cttgaccagg gtgagatatc 6180 ggccggggac gcggcggtgg
taatgacaag cgcccagata acaatgggca tgccttatgc 6240
cgtgaccgac gccgttctgg ctcctcatat cgggggggag gctgggagct
cacatgcccc 6300 gcccccggcc ctcaccctca tcttcgaccg
ccatcccatc gccgccttcc tgtgctaccc 6360 ggccgcgccja
taccttatgg gcagcatgac .cccccaggcc gtgctggcgt
tcgtggccct 6420 catcccgccg accttgcccg gcacaaacat
cgtgttgggg gcccttccgg aggacagaca 6480 catcgacccjc
ctggccaaac gccagcgccc cggcgagcgg cttgacctgg ctatgctggc
6540 



cgcgattcgc cgcgtttacg ggctgcttgc caatacggtg cggtatctgc
agggcggcgg 6600 gtcgtggcgg gaggattggg gacagctttc
ggggacggcc gtgccgcccc agggtgccga 6660 gccccagagc
aacgcgggcc cacgacccca tatcggggac acgttattta ccctgtttcg
6720 ggcccccgag ttgctggccc ccaacggcga cctgtacaac
gtgtttgcct gggccttgga 67806/8 cgtcttggcc aaacgcctcc
gtcccatgca cgtctttatc ctggattacg accaatcgcc 6840
cgccggctgc cgggacgccc tgctgcaact tacctccggg atgatccaga
cccacgtcac 6900 caccccaggc tccataccga cgatctgcga
cctggcgcgc acgtttgcac gggagatggg 6960 ggaggctaac
tgaaacacgg aaggagacaa taccggaagg aacctgcgct atgacggcaa
7020 taaaaagaca gaataaaacg cacgggtgtt gggtcgtttg
ttcataaacg cggggttcgg 7080 tcccagggct ggcactctgt
cgatacccca ccgagacccc attggggcca atacgcccgc 7140
gtttcttcct tttccccacc ccacccccca agttcgggtg aaggcccagg
gctcgcagcc 7200 aacgtcgggg cggcaggcct gccatagcca
cgggccccgt gggttaggga cggggtcccc 7260 catggggaat
ggtttatggt tcgtgggggt tattattttg ggcgttgcgt ggggtcagtc
7320 cacgactgga ctgagcagac agacccatgg tttttggatg
gcctgggcat ggaccgcatg 7380 tactggcgcg acacgaacac
cgggcgtctg tggctgccaa acacccccga cccccaaaaa 7440
ccaccgcgcg gatttctggc gccgccggac gaactaaacc tgactacgga
cggccgccac 7500 cgcggtggag ctccaattcg ccctatagtg
agtcgtatta cgcgcgctca ctggccgtcg 7560 ttttacaacg
tcgtgactgg gaaaaccctg gcgttaccca acttaatcgc cttgcagcac
7620 atcccccttt cgccagctgg cgtaatagcg aagaggcccg
caccgatcgc ccttcccaac 7680 agttgcgcag cctgaatggc
gaatggaaat tgtaagcgtt aatattttgt taaaattcgc 7740
gttaaatttt tgttaaatca gctcattttt taaccaatag gccgaaatcg
gcaaaatccc 7800 ttataaatca aaagaataga ccgagatagg
gttgagtgtt gttccagttt ggaacaagag 7860 tccactatta
aagaacgtgg actccaacgt caaagggcga aaaaccgtct atcagggcga
7920 tggcccacta cgtgaaccat caccctaatc aagttttttg
gggtcgaggt gccgtaaagc 7980 actaaatcgg aaccctaaag
ggagcccccg atttagagct tgacggggaa agccggcgaa 8040
cgtggcgaga aaggaaggga agaaagcgaa aggagcgggc gctagggcgc
tggcaagtgt 8100 agcggtcacg ctgcgcgtaa ccaccacacc
cgccgcgctt aatgcgccgc tacagggcgc 8160 gtcaggtggc
acttttcggg gaaatgtgcg cggaacccct atttgtttat ttttctaaat
8220 acattcaaat atgtatccgc tcatgagaca ataaccctga
taaatgcttc aataatattg 8280 aaaaaggaag agtatgagta
ttcaacattt ccgtgtcgcc cttattccct tttttgcggc 8340 



attttgcctt cctgtttttg ctcacccaga aacgctggtg aaagtaaaag
atgctgaaga 8400 tcagttgggt gcacgagtgg gttacatcga
actggatctc aacagcggta agatccttga 84607/8 gagttttcgc
cccgaagaac gttttccaat gatgagcact tttaaagttc tgctatgtgg
8520 cgcggtatta tcccgtattg acgccgggca agagcaactc
ggtcgccgca tacactattc 8580 tcagaatgac ttggttgagt
actcaccagt cacagaaaag catcttacgg atggcatgac 8640
agtaagagaa ttatgcagtg ctgccataac catgagtgat aacactgcgg
ccaacttact 870O tctgacaacg atcggaggac cgaaggagct
aaccgctttt ttgcacaaca tgggggatca 876O tgtaactcgc
cttgatcgtt gggaaccgga gctgaatgaa gccataccaa acgacgagcg
882O tgacaccacg atgcctgtag caatgg aac aacgttgcgc
aaactattaa ctggcgaact 888O acttactcta gcttcccggc
aacaattaat agactggatg gaggcggata aagttgcagg 894O a
cacttctg cgctcggccc ttccggctgg ctggtttatt gctgataaat
ctggagccgg 900Q tgagcgtggg tctcgcggta tcattgcagc
actggggcca gatggtaagc cctcccgtat 906Q cgtagttatc
tacacgacgg ggagtcaggc aactatggat gaacgaaata gacagatcgc
912 tgagataggt gcctcactga ttaagcattg gtaactgtca
gaccaagttt actcatatat 918 actttagatt gatttaaaac
ttcattttta atttaaaagg atctaggtga agatcctttt 924
tgataatctc atgaccaaaa tcccttaacg tgagttttcg ttccactgag
cgtcagaccc 930 cgtagaaaag atcaaaggat cttcttgaga
tccttttttt ctgcgcgtaa tctgctgctt 936 gcaaacaaaa
aaaccaccgc taccagcggt ggtttgtttg ccggatcaag agctaccaac
942 tctttttccg aaggtaactg gcttcagcag agcgcagata
ccaaatactg tccttctagt 94B gtagccgtag ttaggccacc
acttcaagaa ctctgtagca ccgcctacat acctcgctct gctaatcctg
ttaccagtgg ctgctgccag tggcgataag tcgtgtctta ccgggttgga
96O ctcaagacga .tagttaccgg ataaggcgca gcggtcgggc
tgaacggggg gttcgtgcac S acagcccagc ttggagcgaa
cgacctacac cgaactgaga tacctacagc gtgagctatg 972
agaaagcgcc acgcttcccg aagggagaaa ggcggacagg tatccggtaa
gcggcagggt 97S cggaacagga gagcgcacga gggagcttcc
agggggaaac gcctggtatc tttatagtcc tgtcgggttt cgccacctct
gacttgagcg tcgatttttg tgatgctcgt caggggggcg 99O
gagcctatgg aaaaacgc a gcaacgcggc ctttttacgg ttcctggcct
tttgctggcc ttttgctcac atgttctttc ctgcgttatc ccctgattct
gtggataacc gtattaccgc ioo ctttgagtga gctgataccg
ctcgccgcag ccgaacgacc gagcgcagcg agtcagtgag ioo
cgaggaagcg gaagagcgcc caatacgcaa accgcctctc cccgcgcgtt
ggccgattca 



ttaatgcagc tggcacgaca ggtttcccga ctggaaagcg ggcagtgagc
gcaacg aat8/8 taatgtgagt tagctcactc attaggcacc
ccaggcttta cactttatgc ttccggctcg 10260 tatgttgtgt
ggaattgtga gcggataaca atttcacaca ggaaacagct atgaccatga
10320 ttacgccaag cgcgcaatta accctcacta aagggaacaa
aagctgggta ccgggccccc 10380 cctcgaggtc gacggtatcg
ataagcttga tatcg 10415 <210> 3 <211> 22 <212> DNA
<213> Artificial <220> <223> Oligonucleotide primer 1
<400> 3 tggacaagaa cagcaacgag t a 22 <210> 4 <211> 1
<212> DNA <213> Artificial <220> <223> Oli onucle
<400> 4 gcagttgcca tggccttga 19 <210> 5 <211> 22 <212>
DNA <213> Artificial <220> <223> Oligonucleotide
primer 3 <400> 5 ccatgaacag caagggttgt aa 22 <210> 6 



<211> 20 <212> DNA <213> Artificial <220> <223>
Oligonucleotide Primer 4 <400> 6 tggaagtggg caaccacata
20 


