
Transgenic Animals for Assessing Drug Metabolism and
Toxicity The present invention relates to transgenic
non-human animals, tissues or cells derived therefrom
and methods of producing them. The transgenic
non-human animals or tissues or cells derived
therefrom provide a system capable of expressing human
proteins responsible for drug metabolism in place of
the homologous endogenous non-human animal proteins
and for the controlled expression of human genes
introduced into the animal so that the expression of
the human genes is regulated in a manner more closely
analogous to that seen in vivo in humans. The
transgenic nonhuman animals or tissues or cells
derived therefrom are for use, especially but not
exclusively, in assessing xenobiotic or drug
metabolism, toxicity or other properties or functions
of the introduced human proteins such as metabolism
and/or biosynthesis of endogenous compounds.
Background to the Invention A significant proportion
of therapeutic drug candidates fail to become
marketable drugs because of adverse metabolism or
toxicity discovered during clinical trials. These
failures represent a very significant waste of
development expenditure and consequently there is a
need for new technologies that can more reliably,
quickly and economically predict at the pre-clinical
development stage the metabolic and toxicological
characteristics of drug candidates in man. At present,
most pre-clinical metabolic and toxicity testing of
drug candidates relies on laboratory animals, human
and/or mammalian cell lines and/or tissues in culture.
However, none of these methods is completely reliable
in predicting metabolism or toxicity in a human
subject. Metabolic and toxicological data from animals
can differ significantly from that obtained from a
human subject due to species differences in the
biochemical mechanisms involved. In addition,
interpretation of data derived from in vitro human
cell cultures or isolated human tissue studies can be
problematic since such systems are not available for
all organs and tissues or they fail to retain the same
metabolic characteristics as they possess in vivo. It
is known in the prior art that the metabolism,
distribution and toxicity of most drugs depends on
their interactions with four distinct main classes of
proteins: a) Phase-1 drug-metabolising enzymes, such
as the cytochromes P450 which generally add or expose
polar groups on the xenobiotic molecule; b) Phase-2
drug-metabolising enzymes, such as transferases, in
particular the glucuronyl transferases, glutathione
transferases, sulphonyl transferases and acetyl
transferases which conjugate the polarised xenobiotic
molecule to a hydrophilic group thereby facilitating
its subsequent excretion;c) Drug transporter proteins,
such as the ATP-binding cassette proteins which
include the multi drug resistance proteins (MDRs) and
multi-drug resistance-associated proteins (MRPs) and
the organic anion transporting polypeptides (OATPs)
which facilitate the transport of drugs and other
xenobiotic molecules across plasma membranes; d)
Transcription factors, such as the pregnane X receptor
(PXR) and the constitutive androstane receptor (CAR)
which regulate the transcription of genes encoding
proteins of the preceding classes, in particular the
cytochromes P450. Variation between species is known
in each of these protein classes both with respect to
the multiplicity of proteins within each class, the
function of the proteins themselves and with respect
to genetic regulation of their expression. It is known
from WO2004/007708 how to produce non-human transgenic
animals expressing functioning human P450s in which
the functions of endogenous cytochromes P450 have been
annulled by deletion of individual P450 genes or by
deletion of the cytochrome P450 reductase gene
encoding the enzyme on which the function of all
cytochromes P450 depends. However, the described
animal model has limitations in that not only are the
introduced P450s restricted to particular organs or
tissues of the non-human animal but also there is no
provision to regulate expression of the human P450s in
a manner that is analogous to that seen in the human.
One of the prior art models is also limited in that
additional modifications are needed to provide
cytochrome P450 reductase activity to the introduced
human P450s without reactivating endogenous nonhuman
P450s. A yet further disadvantage resides in the lack
of provision to reproduce human phase-2 metabolism,
thus the system is unable to provide an entire
metabolic profile. It is also known from the prior art
to humanise the induction characteristics of
cytochromes P450 in the mouse by expressing human PXR
(Xie et al, Nature VoI 406, 435-9, 2000) or human CAR
(Zhang et al, Science VoI 298, 422-4, 2002) in a mouse
wherein the mouse PXR gene and/or mouse CAR gene
respectively have been deleted. While such animals
demonstrate induction patterns of endogenous P450s
that reproduce those seen in the human they have
undesirable characteristics because the cytochromes
P450 whose expression is regulated analogously to the
human are still non-human cytochromes P450. A further
disadvantage is that because the PXR or CAR genes
themselves are not regulated as they are in the human
by virtue of the transgene being driven by a
heterologous tissue-specific promoter (albumin
promoter), over-expression of the heterologous gene
can occur which can have the result that a normal
metabolic pathway is bypassed. Moreover, the PXR and
CAR transgenes are derived from a cDNA rather than a
genomic clone, thus the transgenic non-human animals
consequently lack the sequences necessarycorrectly to
reproduce all the transcriptional and
post-transcriptional regulation of PXR or CAR
expression hence their expression is restricted to the
liver and may not be of a physiological level. In
addition these models do not encode for splice
variants of the human gene. Another drawback of 



the PXR/CAR models is that they are unsuitable to
combine with modifications of other genes within one
animal since the humanisation of each gene is achieved
by two independent genomic alterations: (i) knock-out
of the endogenous gene (ii) transgenesis with the
human orthologue under control of the albumin promoter
at a different genomic location. Ma et al. (Drug Metab
Dispos. 2007 Feb;35(2): 194-200) introduced the
complete human PXR gene, including 5' and 3' flanking
sequences, into PXR knock-out mice by bacterial
artificial chromosome (BAC) transgenesis. They
observed selective expression of human PXR in the
liver and intestine. Treatment of PXR-humanised mice
with PXR ligands mimicked the human response, as both
hepatic and intestinal Cyp3all mRNA and protein were
strongly induced by rifampicin, a human-specific PXR
ligand, but not by pregnenolone 16a-carbonitrile
(PCN), a rodent-specific PXR ligand. In wild-type
mice, Cyp3al 1mRNA was strongly induced by PCN, but
not by rifampicin. There is therefore a need for
improvements in animal models of human metabolism that
can control expression of the human genes introduced
into the animal so that their expression is regulated
in a manner more closely analogous to that seen in
humans. There is also a need for more aspects of the
human metabolic pathway to be reproduced. Effective
animal models of human metabolism require not only
expression of the relevant human proteins but also
annulment of the functions of the homologous
endogenous proteins. One reason why the present
invention embodies a surprising advance over the prior
art is that many prior art researchers appear to be of
the view that the problem posed by the need for models
of drug metabolism is already solved. For example, Xie
and Evans (2002, DDT7, p509) state that humanising PXR
is "one of the rare examples where replacing a single
transcriptional regulator allows conversion of
species-specific gene regulation". Furthermore, it is
evident that workers have turned their attention to
techniques that differ markedly to those that utilise
transgenic animal systems. For example, attempts are
being made to humanise the mouse liver as an organ by
using human hepatocytes, the aim being to obtain a
mouse model for drug metabolism in humans. This work
is labour-intensive though, and in the inventors'
opinion is of dubious relevance to the situation in
reality. The present invention is the first
methodology that takes into account all of the
problems that prior art systems suffer from and that
seeks to resolve these problems in a practical manner.
Theinventors have recognised that in order to provide
transgenic non-human animal models with humanised drug
metabolism pathways that overcome the undesirable
features of the animal models described in the prior
art a number of criteria should ideally be satisfied:
a) Regulation of the expression of introduced human
proteins such that patterns of expression in the human
are reproduced; b) Expression of multiple human
proteins so that multiple aspects of human metabolism
are reproduced; c) Annulled expression or function of
multiple endogenous genes so that interference from
nonhuman metabolic pathways on the functions of
introduced human proteins is significantly reduced. In
the present invention, we provide methods of producing
non-human animal cell and non-human transgenic animals
that incorporate at least some if not all of these
desired qualities. Such nonhuman animal cell and
non-human transgenic animals possess desirable
characteristics not available in the prior art in that
they can model entire human pathways of xenobiotic
metabolism rather than just individual elements of
pathways and that such models are provided for all
tissues and organs. This is achieved through the
application of technical approaches hitherto not
available in the prior art with respect to obtaining
regulation of transgene expression analogous to that
seen in human cells through the use of extensive
regulatory DNA sequences and with respect to annulment
of endogenous metabolic pathways through deletion or
gene exchange. A number of relevant human proteins are
expressed in a single animal. STATEMENT OF THE
INVENTION The present invention provides transgenic
non-human animals, tissues, cells derived therefrom,
nucleic acid targeting vectors, and methods as set
forth in the claims and herein below. In general terms
the present invention provides a non-human animal,
tissue or cells derived therefrom incorporating at
least one human DNA sequence encoding at least one
transcription factor under control of a transcription
factor promoter and whose endogenous equivalent genes
have optionally been annulled, the non-human animal,
tissue or cells derived therefrom further
incorporating at least one or more of the following
further human DNA sequences selected from the group
comprising: (i) a DNA sequence encoding a phase- 1
drug-metabolising enzyme; (ii) a DNA sequence encoding
a phase-2 drug-metabolising enzyme; and/or(iii) a DNA
sequence encoding a drug transporter protein; and
whose endogenous equivalent gene or genes have
optionally been annulled. Throughout the specification
and the claims which follow, unless the context
requires otherwise, the word "comprise", or variations
such as "comprises" or "comprising" will be understood
to imply the inclusion of a stated integer or group of
integers but not the exclusion of any other integer or
group of integers. Reference herein to "endogenous
equivalent gene" of the non-human animal is intended
to include 



a gene or genes whose expression product retains the
same, similar or identical function as the human
counterpart gene. For example, the human transcription
factor gene known as PXR (NR112 nuclear receptor
subfamily 1, group I, member 2), Entrez GenelD: 8856,
has a murine counterpart of the same name whose Entrez
GenelD is 18171. The proteins encoded by these genes
have an equivalent function in the organisms from
which they are derived. Generally, the introduced
transcription factor gene, the phase- 1
drug-metabolising enzyme gene, the phase-2
drug-metabolising enzyme gene and/or the drug
transporter protein gene will share a degree of
homology with the endogenous gene with which it is
equivalent. Preferably, the degree of homology will be
greater than 30%, greater than 40%, greater than 50%,
greater than 60%, greater than 70%, greater than 80%,
greater than 90%, or even greater than 95%. In the
case of drug-metabolising enzyme genes, equivalence
between genes can be assessed by a combination of
substrate specificity, mode of regulation (for
example, by transcription factors or exogenous drugs),
sequence homology and tissue distribution. Certain
genes have exact equivalents; examples of such genes
are CYP2E1, CYPlAl, CYP1A2. CYP2B6 and CYP2D are
examples where there is only one gene in the human,
but numerous equivalent genes in the mouse. There are
four CYP2C genes in the human, and numerous equivalent
genes in the mouse. In such circumstances, preferably
at least one, more preferably two, three, four, five
or more or even all of the equivalent murine genes are
annulled. CYP3A4 is an example where there is no
obvious orthologue in the mouse, but Cyp3al 1 could be
considered at least one equivalent mouse gene because
of its hepatic expression, mode of regulation and
sequence homology. Reference herein to "annulled" is
intended to include silencing or deletion or rendering
inactive so that the non-human animal's endogenous
equivalent gene is unable to express the gene
product(s), at least not to any level that is
significant to the drug metabolism process. For
instance, the expression level of an annulled gene may
be less than 20%, preferably less than 10%, more
preferably less than 5%, more preferably less than 2%,
even more preferably 1% or less of the wildtype
expression level. The expression of an annulled gene
may preferably be decreased to the point at which it
cannot be detected. Although annulling the non-human
animal's endogenous equivalent gene(s) is preferred,
in some embodiments the non-human animal's endogenous
equivalent gene(s) are not annulled. For example,
human DNA sequences encoding proteins involved in drug
metabolism may be inserted into the mouse Rosa26
locus, which does not itself result in silencing,
deletion or rendering inactive of a mouse gene
involved in drug metabolism. In particular, a first
aspect of the present invention provides a non-human
animal, tissue or cells derived therefrom
incorporating at least one human DNA sequence encoding
the transcription factor PXR (i.e., the pregnane X
receptor), wherein said human DNA sequence comprises
least part of intron 6 and/or intron 7 of the human
PXR gene. Partial genomic sequences In the prior art
techniques disclosed to date, researchers have
generated transgenic models that incorporate human
genes into non-human systems, notably the mouse.
However, in devising these systems, little attention
has been paid to retaining the context of the human
gene as it exists in its natural state. Generally,
cDNA sequences have been used in the prior art rather
than respecting the intron/exon structure of the human
gene, e.g. by incorporating at least one intron of the
human gene. This means that any splice variants that
might naturally be generated, cannot form. Splice
variants are important for a number of reasons. First,
they may have a function. Second, they may have a
dominant negative effect, for example, by binding to
their usual protein partners and altering biological
effects of the protein. Third, they may sequester
ligand. A system that accurately reflects the in vivo
situation therefore preferably mirrors the balance of
splice variants that exist in any biological system.
Using cDNA also means that mRNA levels are
artificially generated and may not reflect the reality
of the natural physiological situation. In contrast,
the present invention attempts to mirror the in vivo
situation by providing the human gene in its entirety
where this is possible. This means that the
intron-exon junctions are retained as in the natural
system so that splicing events can happen exactly as
in the natural situation. Where, perhaps because of
the length of a gene, it is not simple to transpose
the entire human gene into a transgenic system, the
invention seeks to use a combination of cDNA and
genomic DNA in its constructs so that important
intron-exon boundaries, where the majority of splicing
events occur, are retained.Thus, the human DNA
sequence encoding a transcription factor,
drug-metabolizing enzyme or drug transporter protein
can be a partial human genomic gene sequence or a
complete human genomic gene sequence. According to the
invention, therefore, where it is known that the
majority of splice variants occur as a result of
splicing variation within a particular intron, this
intron is preferably incorporated as genomic DNA in
the construct, while less influential intronic
sequences are not retained. This has the result that
levels of functional mRNA and functional protein
mirror the levels that are found in vivo in response
to exposure to a particular drug or drug cocktail.
This is what is ideally required for a
physiologically-relevant model. Accordingly, whilst
cDNA sequences may be used, in preference to these
sequences, the invention may use a combination of cDNA
and genomic sequences from the gene that is to be
humanised. 



When a combination of cDNA and genomic sequences is
used, the human DNA sequence contains some but not all
of the introns and exons of the human gene. A number
of non-human animal models involving constructs
comprising a combination of human cDNA and genomic
sequences have been generated by the inventors.For
example, in the case of a transgenic animal expressing
the human PXR gene, it is disclosed in WO 2006/064197
that due to the large size of more than 35kb of the
human PXR gene, the intron-exon structure between
exons 4 and 6 is preferably maintained, since most
splice variants are observed in this genomic region,
since it is located within the ligand-binding domain
{e.g. see Figure 2). This advantageously retains the
sequence where most splice variants are observed and
is conveniently located within the ligand-binding
domain. However, it has now been found that in the
case of a transgenic animal expressing the human PXR
gene, a human DNA sequence encoding the transcription
factor PXR preferably comprises least part of intron 6
and/or intron 7 of the human PXR gene. Thus, exons 6
and 8 and/or exons 7 and 8, or preferably exons 6, 7,
and 8 are not fused to create a partial cDNA sequence.
This avoids the problem of unforeseen cryptic splice
sites which may be created when in such a partial cDNA
sequence, e.g., at the junction between fused exons 7
and 8. Such cryptic splice sites may lead to the
creation of aberrant splice variants, the presence of
which may attenuate the expression of the functional
human PXR protein in the non-human animal, tissue or
cells derived therefrom, or otherwise prevent optimal
humanisation of PXR expression. The expression of
human DNA sequences comprising at least part of intron
6 and/or intron 7 of the human PXR gene is thus
advantageous, because such expression of PXR most
accurately reflects the expression levels, including
the detailed distribution of splice variants, found in
humans.The data presented in Example 5 (Part A) and in
Figure 85 show that mouse expressing a human DNA
sequence encoding PXR (i.e., having a huPXR genotype)
comprising introns 4, 5, 6 and 7 was yet more
sensitive to rifampicin than a mouse expressing a
human DNA sequence containing only introns 4 and 5,
consistent with the higher sensitivity of humans to
rifampicin, compared to mice. Preferably, a human DNA
sequence encoding PXR according to the present
invention comprises at least part of introns 4, 5, 6,
and/or 7 of the human PXR gene. It is preferred that
introns 4, 5, 6 and 7 are all retained. Such a human
DNA is exemplified by the huPXR sequence of SEQ ID
NO:2. In other preferred embodiments, the intron-exon
structure between exons 4 and 8 of the human PXR gene
is maintained (cf. SEQ ID NO:2, and see, e.g. Figure
62). In other preferred embodiments, a human DNA
sequence encoding PXR according to the present
invention further comprises at least part of intron 2,
intron 3 and/or intron 8 of the human PXR gene,
and/or, moreover, the intron-exon structure between
exons 2 and 9 of the human PXR gene is maintained
(e.g. see Figure 64 and cf. SEQ ID NO:3). In certain
preferred embodiments, the invention thus provides
non-human animal, tissue or cells according to claim
1, wherein said human DNA sequence comprises a
sequence that is at least 50%, preferably 60%, 70%,
80%, 90%, or 95% identical to the sequence of SEQ ID
NO:2 or the sequence of SEQ ID NO:3. These sequences
are described in more detail herein below. Another
example is provided by the case of the humanization
cassette preferably used for CYP3A4: this may contain
the 13kb human CYP3A4 promoter, exon 1 and intron 1 as
in the normal genomic constitution and a human cDNA
consisting of exons 2-13 (e.g. see Figure 9). Another
example is provided by the case of the humanization
cassette preferably used for CYP2C9: this may contain
the 12kb human CYP2C9 promoter, a human cDNA of exons
1-4, intron 4 and a cDNA of exons 5-9 (e.g. see Figure
10). Another example is provided by the case of the
humanization cassette preferably used for PPARa: this
may maintain the intron-exon structure between exons 3
and 8 of the human PPARagene, e.g. by including at
least part of intron 5 and/or intron 6 (see Figure
68). Complete genomic sequences Complete genomic DNA
sequences may be used. For instance, in the case of a
transgenic animal expressing the human CAR gene, the
relatively small size of the human CAR, which
comprises roughly 7kb from exon 2-9, makes it simple
to retain the complete genomic structure in the
targeting vector. The construct should preferably
retain the intron-exon structure between exons 2and 9.
This advantageously retains the complete genomic
structure within the targeting vector and permits
coverage of all splice variants of human CAR.
Preferably, the genomic human CAR sequence is fused to
the translational start site of the mouse CAR gene.
The human CAR sequence then contains all genomic
sequences of exons 1-9. The 5' and 3'UTRs may be human
or may be retained from the mouse genome. All other
parts of the coding sequences of the mouse CAR gene
can be deleted. Use of complete genomic gene sequences
may conveniently be achieved by use of a cluster of
human DNA sequences, as described in more detail
elsewhere herein (e.g. see Figures 72, 74 and 75).
When a complete genomic DNA sequence is used, the
human DNA sequence will contain all of the introns and
exons of the human gene, and may optionally further
comprise some or all of the regulatory sequences
normally associated with the human gene (as described
in more detail elsewhere herein). Preferably, the
human DNA sequence encoding PXR according to the
invention is inserted into the 



mouse PXR locus, such that expression of human PXR is
under the control of the mouse PXR promoter.
Preferably, the human DNA sequence encoding PXR
according to the invention is incorporated in a
non-human animal, tissue or cells derived therefrom,
which non-human animal, tissue or cells further
comprise at least one of any one or more of the
following human DNA sequences encoding:: (i) a further
transcription factor (ii) a phase-1 drug-metabolising
enzyme; (iii) a phase-2 drug-metabolising enzyme;
and/or (iv) a drug transporter protein. According to
the invention, any further transcription factor,
phase- 1 drug-metabolising enzyme; phase-2
drug-metabolising enzyme; and/or drug transporter
protein may be used, depending on the indended use of
the non-human animal, tissue or cells. Preferably, the
further transcription factor, phase- 1
drug-metabolising enzyme; phase-2 drug-metabolising
enzyme; and/or drug transporter protein is/are defined
as set forth in the claims and herein below.
Transcription factorsPreferably, the human DNA
encoding a transcription factor is selected from the
group comprising the pregnane X receptor (PXR, also
known as the steroid and xenobiotic receptor SXR) and
the constitutive androstane receptor (CAR) or
multiples thereof or a combination thereof. Animals
and cells according to this aspect of the invention
are advantageous for the reasons described in detail
above. For example, recent evidence further supports
the contention that the ligand binding domains of the
murine and human CAR proteins are divergent relative
to other nuclear hormone receptors, resulting in
species-specific differences in xenobiotic responses
(Huang et al., 2004, Molecular endocrinology
18(10):2402-2408). Results reported in this paper
demonstrate that a single compound can induce opposite
xenobiotic responses via orthologous receptors in
rodents and humans. Transgenic mice for human CAR have
been created and are described in the examples
included herein. Detailed investigations of the
induction of drug metabolism pathways in CAR humanised
and knock-out mice have been performed. Various
different experimental approaches have confirmed that
non-human transgenic animals that are humanised with
respect to CAR, or which do not express any CAR
(knock-out), can readily be obtained using the methods
and strategies described herein. Transgenic mice for
human PXR have been created and are described in the
examples included herein. Human PXR is found to be
expressed in both the liver and GI tract of mice in
the predicted manner at levels equivalent to those of
the endogenous mouse gene. In this way, typical
problems faced by conventional techniques of this
type, such as over- or under-expression are avoided.
Furthermore, currently available humanised PXR models
use the albumin promoter to drive human PXR which has
been crossed into a PXR-null background. Therefore,
PXR is expressed at very high levels in this model and
there is no PXR in any tissue other than the liver.
This severely compromises the use of this model to
understand the role of hPXR in controlling gene
expression in the GI tract or at the blood brain
barrier or, indeed, in any other tissue. In this
model, the PXR protein has also been shown to be
functional as the mice are responsive to compounds
such as rifampicin and TCPOBOP that are known to
induce gene expression via this pathway. Strain
differences between wild type and the humanised mice
have been demonstrated. For example, the humanised
mice are shown to be more responsive to compounds such
as rifampicin, that are known to be more active to
hPXR. Humanised PXR animals thus demonstrated an
altered sensitivity to rifampicin relative to the wild
type. Furthermore, there was clearly greater
background P450 enzyme activity as measured by
16-betahydroxylation of testosterone and
7-benzyloxyquinoline demethylation between wild type
andhumanised PXR mice. In experiments using the
inducing agent TCPOBOP, the hepatic microsomal
metabolism of testosterone was measured. Again clear
differences between the wild type and the humanised
PXR animals were observed. In particular, the
7-alpha-hydroxylation of testosterone was
constitutively higher in the huPXR animals relative to
the wild types. Consistent with the strain differences
in wild type and human PXR, there were marked
differences in the sensitivity of the mouse lines to
induction by TCPOBOP. In the case of testosterone 16-
alpha-hydroxylation, this activity was significantly
induced in wild type animals but not in humanised PXR
animals. Of particular interest was the observation
that the induction of testosterone
16-beta-hydroxylation was much more marked in wild
type than in huPXR animals. Indeed, at a dose of
lmg/kg, induction of testosterone
16-beta-hydroxylation was approximately 6- fold in
wild type animals but only 1.7-fold in the huPXR
animals. This again demonstrates a reduced sensitivity
of the humanised mice relative to controls. Detailed
investigations of the induction of drug metabolism
pathways in PXR humanised and knock-out mice have been
performed. Various different experimental approaches
have confirmed that non-human transgenic animals that
are humanised with respect to PXR, or which do not
express any PXR (knock-out), can readily be obtained
using the methods and strategies described herein. 



Transgenic animals (such as mice) and cells according
to the invention preferably demonstrate the functional
properties described above and in the examples herein.
For example, such cells and animals preferably do not
display induction of Cyp2blO activity in response to
rifampicin. However, such cells and animals do display
an induction effect for Cyp3al l , not only with
rifampicin but also for TCPOBOP. It will be
appreciated that other human DNA(s) encoding a
transcription factor may also be used in the present
invention providing that they are capable of
regulating a phase- 1 drug-metabolising enzyme, a
phase-2 drug-metabolising enzyme and/or a drug
transporter protein. Examples include PPARs (a, d and
g), NRF2, the Ah receptor, HNFl and HNF4. Targeting
strategies suitable for knock-in (humanisation) and
knock-out of PPARa and the Ah receptor are described
in more detail elsewhere herein (see Figures 68 and
69). Preferably, the human DNA encoding a
transcription factor comprises both the pregnane X
receptor (PXR) and the constitutive androstane
receptor (CAR). In this embodiment of the invention
the transgenic animal or tissue or cells derived
therefrom may be considered as "doublehumanised" for
these transcription factor genes. Such
double-humanised models are advantageous over models
that only incorporate a single gene (either PXR or
CAR) because many drug metabolising enzymes or drug
transporters possess elements that are responsive to
the binding of both CAR and PXR. Furthermore, the
numbers of PXR-responsive elements often differ from
the numbers of CAR-responsive elements and so
regulation by both transcription factors is generally
important. Consequently, models that take account of
the effects of both factors are preferable and more
closely mirror the physiological situation in vivo.
Mice transgenic for both human PXR and human CAR have
been created and are described in the examples
included herein. Preliminary studies have been
performed on the activity of these transcription
factors in combination, determined by measuring
barbiturate-induced sleeping time. Sleeping time has
been known for many years to be directly proportional
to the hepatic cytochrome P450 activity and this
activity can be at least in part ascribed to the P450
levels in the liver determined by CAR and PXR
function. Whereas wild type mice given a narcotic dose
of pentobarbitone slept for 2 1 minutes, the double
humanised mice for CAR and PXR slept for 34 minutes.
These mice therefore demonstrate a significant
difference to their wild type controls indicating that
the double humanised mouse has a marked difference in
its response to drugs relative to the wild type
animals. Detailed investigations of the induction of
drug metabolism pathways in PXR and CAR
doublehumanised and double-knock-out mice have been
performed. Various different experimental approaches
have confirmed that non-human transgenic animals that
are humanised with respect to both PXR and CAR, or
which do not express any PXR or CAR
(double-knock-out), can readily be obtained using the
methods and strategies described herein. Transgenic
animals (such as mice) and cells according to this
aspect of the invention preferably demonstrate the
functional properties described above. For example,
cells and animals transgenic for human PXR preferably
do not display induction of Cyp2blO activity in
response to rifampicin, but do display an induction
effect for Cyp3al 1, not only with rifampicin but also
for TCPOBOP. The inventors have also noted that the
capacity of promoters to induce enzyme expression is
different in different tissues. Accordingly, it is of
utmost importance for human transcription factors to
be used rather than endogenous transcription factors
from another animal. Furthermore, the regulatory
sequences of the transcription factors and the genes
that they regulate should mirror the natural
physiological situation as closely as possible. Thus,
regulatory sequences are preferably of human origin or
non-human animal origin. In more preferred
embodiments, the regulatory sequences are of human
origin or originate from the target non-human animal
(e.g. mouse). Thisenables the wild-type expression
pattern to be retained, as explained elsewhere
herein.The use of as many human transcription factors,
human drug metabolising enzymes and human drug
transporters as possible is important to ensure that
this happens. The ratio of protein levels that are
generated by a particular drug are also of significant
importance. For example, the action of mouse PXR
stimulates expression of different proteins than the
action of human PXR and at different levels. The
levels of a particular drug and its metabolites
depends crucially on which drug metabolising enzymes
and transporters are expressed and so, again, it is of
utmost importance for human transcription factors to
be used rather than endogenous transcription factors
from another animal. The use of human transcription
factors is also important from a toxicological
standpoint. For example, PXR is naturally regulated by
bile acids and other physiological compounds and toxic
conditions such as biliary necrosis and biliary
cholestasis can result from exposure to a particular
drug. It may therefore be that as a result of
differences between drug metabolism between human and
a test animal, a toxic effect will be. noted in that
animal that would not be evident in the human. The
regulatory sequences governing expression of the
transcription factor(s) may preferably be either of
human origin, or may originate from the target animal
species e.g. the mouse (as described in more detail
elsewhere herein). The genes that are inserted into
the transgenic model are preferably inserted at the
point in the genome where the endogenous equivalent
gene or gene cluster naturally occurs. This has the
advantage that the context of the gene locus is
retained, which means that the fidelity of 



transcription from this site is as close as possible
to the level of transcription that occurs in the wild
type system. The inventors have validated aspects of
drug metabolism pathways in transgenic animals (e.g.
huPXR, huCAR and huPXR/huCAR mice) using appropriate
assays as described elsewhere herein. The functional
properties displayed by the inventors' transgenic mice
in these assays reveal that the transgenic animals,
tissues and cells of the invention have significant
utility in analysis of drug metabolism and toxicity.
In some experiments, the inventors validated aspects
of drug metabolism pathways in transgenic animals
using inducers of the components of those pathways
that are known to act more potently in humans or in
mice, as summarised below: Inducer More potent
in:Rifampicin (Rif) human CITCO human Phenobarbital
(PB) mouse / human Dexamethasone (Dex) mouse
5-Pregnen-3b-ol-20-one-l 6a-carbonitrile (PCN) mouse
Clotrimazole mouse TCPOBOP mouse Species-specific
inducers of drug metabolism, such as those listed
above, may act primarily via CAR or PXR, or via both
PXR and CAR (e.g. see Figure 55). The species-specific
induction of CAR and PXR can be discriminated using
assays that allow a distinction to be made between
induction via PXR and incuction via CAR, such as by
measuing Cyp3al l or Cyp2blO levels or activity (e.g.
see Figure 48). An overview of the effects of the
inducers listed above on induction of Cyp3al 1 and
Cyp2blO in mice and humans is provided in Figures 55
and 56. Accordingly, the invention provides a
transgenic mouse, tissue or cells derived therefrom
incorporating a human DNA sequence encoding PXR under
the control of an endogenous promoter, and optionally
having its equivalent endogenous murine PXR genes
annulled, which mouse, tissue or cells: (i) is more
sensitive to rifampicin-mediated induction of the
expression and/or activity of a cytochrome P450 than
the corresponding wild-type mouse, tissue or cells
derived therefrom; and/or (ii) is less sensitive to
dexamethasone-mediated or pregnenolone-
16acarbonitrile-mediated or clotrimazole-mediated
induction of the expression and/or activity of a
cytochrome P450 than the corresponding wild-type
mouse, tissue or cells derived therefrom. Preferably,
the cytochrome P450 is a Cyp3a enzyme, such as Cyp3al
1. The invention also provides a transgenic mouse,
tissue or cells derived therefrom incorporating a
human DNA sequence encoding CAR under the control of
an endogenous promoter, and optionally having its
equivalent endogenous murine CAR genes annulled, which
mouse, tissue or cells: (i) is more sensitive to
CITCO-mediated induction of the expression and/or
activity of a cytochrome P450 than the corresponding
wild-type mouse, tissue or cells derived therefrom;
and/or(ii) is less sensitive to TCPOBOP-mediated
induction of the expression and/or activity of a
cytochrome P450 than the corresponding wild-type
mouse, tissue or cells derived therefrom. Preferably,
the cytochrome P450 is a Cyp2b enzyme, such as
Cyp2blO. Cytochrome P450 expression and activity
levels can be determined by appropriate assays, as
described elsewhere herein (see Figure 48). For
example, cytochrome P450 (e.g. Cyp3all or Cyp2blO)
expression levels can be determined by western
blotting. Cytochrome P450 activity can be determined
by a 7-ben2yloxyquinoline (BQ) activity assay (for
Cyp3a) or a pentoxyresorufin-Odeethylation (PROD)
activity assay (for Cyp2b). The invention also
provides a transgenic mouse, tissue or cells derived
therefrom that possesses a combination of the
functional properties mentioned herein. Thus, the
invention provides a transgenic mouse, tissue or cells
derived therefrom incorporating human DNA sequences
encoding PXR and CAR under the control of endogenous
promoters, and optionally having its equivalent
endogenous PXR and CAR genes annulled, which mouse,
tissue or cell: (i) is more sensitive to
rifampicin-mediated induction of the expression and/or
activity of a cytochrome P450 than the corresponding
wild-type mouse, tissue or cells derived therefrom; or
(ii) is less sensitive to dexamethasone-mediated or
pregnenolone- 16a carbonitrile-mediated or
clotrimazole-mediated induction of the expression
and/or activity of a cytochrome P450 than the
corresponding wild-type mouse, tissue or cells derived
therefrom; and (iii) is more sensitive to
CITCO-mediated induction of the expression and/or
activity of a cytochrome P450 than the corresponding
wild-type mouse, tissue or cells derived therefrom; or
(iv) is less sensitive to TCPOBOP-mediated induction
of the expression and/or activity of a cytochrome P450
than the corresponding wild-type mouse, tissue or
cells derived therefrom. The invention also provides a
transgenic mouse, tissue or cells derived therefrom
incorporating a 



human DNA sequence encoding PXR under the control of
an endogenous promoter, and optionally having its
equivalent endogenous PXR gene annulled, which
displays increased dexamethasonemediated
hepatotoxicity relative to the corresponding wild-type
mouse. Dexamethasone-mediated hepatotoxicity can be
determined by measuring ALT levels using an
appropriate assay and an appropriate dose of
dexamethasone (e.g. at least 20 mg/kg, at least 30
mg/kg, at least 40 mg/kg, atleast 50 mg/kg, or at
least 60 mg/kg. Suitable assays are described
elsewhere herein. Preferred transgenic (knock-in and
knock-out) mice containing altered transcription
factor genes are described in more detail elsewhere
herein. Ma et al. (Drug Metab Dispos. 2007 Feb;35(2):
194-200) introduced the complete human PXR gene,
including 5' and 3' flanking sequences, into PXR
knock-out mice by bacterial artificial chromosome
(BAC) transgenesis. They observed selective expression
of human PXR in the liver and intestine. Treatment of
PXR-humanised mice with PXR ligands mimicked the human
response, as both hepatic and intestinal Cyp3al l mRNA
and protein were strongly induced by rifampicin, a
human-specific PXR ligand, but not by pregnenolone
16a-carbonitrile (PCN), a rodent-specific PXR ligand.
In wild-type mice, Cyp3al 1mRNA was strongly induced
by PCN, but not by rifampicin. However, Ma et al.
relates exclusively to PXR humanisation, and
furthermore does not disclose or suggest many aspects
of the present invention, such as the use of mixed
cDNA/genomic constructs, comparison of different
transgenic non-human animals, use of reporter
constructs (see below) or expression of human
sequences under the control of non-human animal
regulatory sequences. Another drawback of the model
described by Ma et al. is that it is unsuitable to
combine with modifications of other genes within one
animal, because PXR humanisation is achieved by two
independent genomic alterations: (i) knock-out of the
endogenous PXR gene, and (ii) transgenesis with the
human PXR gene at a different genomic location.
Phase-1 drug-metabolising enzymes The invention
provides a non-human animal, tissue or cells according
to any one of the aspects of invention described
above, wherein the at least one phase-1
drug-metabolising enzyme is a cytochrome P450 isoform,
optionally selected from the group comprising CYPlA,
CYP3A, CYP2B, CYP2C, CYP2D, and CYP2E isoforms,
optionally selected from one or more of CYPlAl,
CYP1A2, CYP3A4, CYP3A5, CYP3A9, CYP2C8, CYP2C9,
CYP2B6, CYP2B10, CYP2C19, CYP2D6, CYP2E1, and/or the
human DNA sequence encoding a phase-1 drugmetabolising
enzyme comprises a cytochrome P450 gene cluster,
optionally selected from the CYP3A cluster, the CYP2D
cluster, the CYP2C cluster, and/or the CYPlA cluster.
Preferably, the human DNA encoding a phase-1
drug-metabolising enzyme is selected from the group
comprising the cytochromes P450, including but not
limited to CYPlA, CYP3A, CYP2B, CYP2C, CYP2D, and
CYP2E isoforms. Preferred isoforms are one or more of
CYPlAl, CYP1A2, CYP3A4, CYP3A5, CYP3A9, CYP2C8,
CYP2C9, CYP2B6, CYP2B10, CYP2C19, CYP2D6, and CYP2E1..
It will be appreciated that other DNAs encoding a
phase-1 drugmetabolising enzyme may also be included
in the present invention, providing that they are
capableof modifying a xenobiotic by adding or exposing
a polar group on the xenobiotic molecule. The choice
of human P450 isoforms for introduction into
P450-humanised non-human animals is predominantly
driven by the known relative importance of various
P450 isoforms in metabolism in the relevant tissue.
Thus, for example, to date the single most significant
P450 isoform recognised in the human liver is CYP3A4,
and so CYP3A4 is therefore probably the first human
P450 isoform of choice for P450 humanisation of liver.
The choice of human P450s for the multi-P450-
humanised mouse of the present invention is dictated
by the need of the user. In this respect it is
expected that any one or more of the following human
isoforms will be preferred: 3A4, 2D6, 2B6, 2C9, 2C19,
IAl, 1A2, 2C8. However, it will be appreciated that
the isoform(s) incorporated into the animal cell
is/are dependent on the user's requirement. In this
way, the humanised transgenic animal may be "designed"
to investigate the role of specific isoforms in the
metabolic process. According to the teaching of the
invention, single genes, gene clusters or combinations
of single genes or gene clusters may be replaced.
Whole gene clusters should preferably be replaced
where possible, rather than simply replacing
individual genes. This generates a situation in which
the ratios of the expression levels of genes in any
gene cluster are the same as the ratios in which these
genes are expressed in vivo. This is a phenomenon that
has not received attention in the prior art. The
CYP3A, CYP2C, CYP2D and CYPlA clusters are preferred
clusters of phase- 1 drugmetabolising enzymes for
replacement according to the present invention. One,
both CYP3A, CYP2C, any other combination, or even all
of these gene clusters may be replaced according to
the present invention. According to the invention,
therefore, partial, or preferably complete cascades of
genes that are implicated in a particular pathway may
preferably be replaced. This ensures that the partial
redundancy of gene function is retained and so, again,
the real physiological situation is mirrored. An
example can be provided by the CYP3A P450 cluster. In
humans, there are four functional genes in this
cluster, that have overlapping substrate specificity.
The CYP3A5 protein will, for example, metabolise
CYP3A4 substrates. Therefore, if one is attempting to
generate a model of drug metabolism, incorporating the
CYP3A5 gene in any state other than as part of its
entire gene cluster is distancing the generated model
from reality. In contrast, following prior art
teachings, were a researcher to decide that it might
be a good idea to generate an animal transgenic for
the CYP3A5 gene, he would only know to incorporate
this gene, 



and would not think to incorporate the entire gene
cluster of which it forms a part. Furthermore, using
prior art techniques, it would insert at an arbitrary
site and not in its natural contextual position in the
genome. Worse still, its expression would be under the
direction of a strongpromoter specific for the liver.
This strategy would very likely generate a large
amount of CYP3A5 protein in the liver, and because of
the large amounts of protein provided, this protein
would metabolise substrates at a greater rate than
those on which it would act in vivo. For all these
reasons, the method of the invention is advantageous
over systems that have been described previously.
Preferably, the clusters of phase 1 drug metabolising
enzymes that are used for humanisation are the CYP3A
cluster and the CYP2C cluster. In view of the
redundancy in protein function between the human and
commonly used target transgenic animals such as the
mouse, humanisation for phase 1 drug metabolising
enzymes is preferably performed against a deleted
background in which only some (for example 1, 2, 3, 4
or 5), and preferably none of the target animal phase
1 drug metabolising enzymes are expressed at
significant levels. Preferred transgenic (knock-in and
knock-out) mice containing altered phase- 1
drug-metabolising enzyme genes are described in more
detail elsewhere herein. Phase-2 drug-metabolising
enzymes Preferably, the human DNA encoding a phase-2
drug-metabolising enzyme is selected from the group
comprising the glucuronyl transferases, for instance,
the UGTlA gene or gene cluster, the glutathione
transferases, for instance GST (glutathione
S-transferases), the sulphonyl transferases and the
acetyl transferases. It will be appreciated that other
DNAs encoding a phase-2 drugmetabolising enzyme may
also be included in the present invention providing
that they are capable of conjugating a product of
phase- 1 metabolism. Preferably, a cluster of phase 2
drug metabolising enzymes that is used for
humanisation is the UGTlA gene cluster. Preferred
transgenic (knock-in and knock-out) mice containing
altered phase-2 drug-metabolising enzyme genes are
described in more detail elsewhere herein. Drug
transporters Preferably, the human DNA encoding a drug
transporter protein is selected from the group
comprising the ATP-binding cassette proteins which
include but are not limited to the multi-drug
resistance proteins, for instance MDR-I and multi-drug
resistance-associated proteins (MRPs), for example,
MRPl and/or MRP2, or from the organic anion
transporting polypeptides (OATPs). It will be
appreciated that other DNAs encoding a drug
transporter protein may also be included in the
present invention providing that they are capable of
facilitating the transport of drugs and
otherxenobiotic molecules across plasma membranes.
Preferably, the multidrug resistance protein is MDRl.
Preferably, the multi-drug resistance-associated
protein is MRP2. Preferred transgenic (knock-in and
knock-out) mice containing altered drug transporter
protein genes are described in more detail elsewhere
herein. Regulatory sequences The present invention
resides in part in the humanisation of transgenic
non-human animal cell, tissue or animals especially
for transcriptional factor(s), wherein the
transcriptional factor transgenes are driven by
transcriptional factor promoters, that is to say they
are "knocked-in" rather than utilising heterologous
albumin/tissue specific promoters. Thus the animals of
the present invention are able to express the human
proteins at not only the appropriate physiological
levels but in all tissues, rather than just the liver
as is known from the prior art. It will be appreciated
that any human DNA sequences include coding sequences
for proteins selected from the group of classes of:
human phase- 1 metabolism enzymes; human phase-2
metabolism enzymes; human drug transporters; human
transcription factors, may ideally be operatively
linked to human regulatory DNA sequences. However, the
use of human regulatory sequences is not essential,
and other endogenous regulatory sequences can be used,
e.g. mouse sequences. Preferably, these human DNA
sequences of the above-described transcription factors
and other proteins are whole genes or are DNA
constructs comprising regulatory sequences that may
either be derived from humans or animals. In cases
where the regulatory sequences are not of human
origin, the regulatory sequences may be derived from
the target animal, for example, the mouse. By
regulatory sequences is meant to include any promoter
or enhancer sequences, 5' or 3' UTRs, poly-A
termination sequences or other DNA sequences, that are
necessary for transcription of the gene of interest or
which modulate expression of the gene of interest.
Transcripts used for insertion of human sequences are
preferably terminated by a poly A motif. Heterologous
promoters have generally been used in the prior art,
and those used (such as the albumin promoter) are
generally strong promoters, are ligand independent in
their action and are constitutively switched on. In
normal development, albumin is only expressed
neo-natally. This divorces the expression of the
protein encoded by the gene from the natural situation
in reality, in that the regulatory signals that direct
transcription of the gene and the subsequent
translation of the mRNA product are not retained in
the transgenic system. Researchers in the prior art
turned to theuse of such promoters for a variety of
reasons. Partly, it was felt necessary to do so
because the transcription signals provided by the
endogenous promoters were not deemed to be strong
enough. 



Furthermore, it was thought necessary to use promoters
that had been shown to be effective in the mouse. In
contrast, the invention preferably incorporates the
endogenous promoter with the human gene so that the
fidelity of wild type human expression is retained,
developmentally, temporally and in a tissue-specific
manner. By "endogenous promoter" is meant a promoter
that naturally directs expression of the gene of
interest. An endogenous promoter may thus be a human
promoter, or may alternatively be the promoter that is
endogenous to that introduced gene in the transgenic
animal subject. For example, in the case of transgenic
mice, the expression of the human gene may be directed
by the endogenous mouse promoter for that gene. Thus,
it is not essential to insert a human regulatory
sequence, e.g. a human promoter. By incorporation of
all of the 5' upstream sequence that is necessary for
promoter activity, preferably including any enhancers,
it has been found that it is not in fact necessary to
use strong, constitutive promoters; as in the natural
situation, the endogenous promoter, in its entirety,
is perfectly capable of directing expression of the
relevant protein in a physiologically relevant manner.
An example is provided by the CYP3A4 gene, which
possesses strong enhancer elements up to 13kb upstream
of the transcription initiation point. Whilst
incorporation of all this sequence allows the
appropriate mechanism of transcription to occur,
omission of these upstream sequences leads to a system
in which incomplete or insufficient regulatory
sequences are present to allow the fidelity of gene
expression to be retained. In some embodiments of the
invention, use of the non-human animal's endogenous
regulatory sequences may be preferred. Such
embodiments allow expression of human DNA sequences
under the control of the non-human animal's endogenous
regulatory sequences, such that the components of the
non-human animal's gene expression pathway (e.g.
regulatory sequences, transcription factors) can
interact. Such embodiments may more closely mirror the
in vivo situation in humans in some cases, e.g. where
the relevant human regulatory sequence is not capable
of interacting with the non-human animal's
transcription factors, or said interaction does not
provide a relevant level of expression of the human
DNA sequence. There are disclosed herein embodiments
in which a human DNA sequence is expressed under the
control of mouse promoter. Thus, the invention also
provides a transgenic non-human animal (e.g. mouse),
tissue or cells derived therefrom incorporating a
human DNA sequence encoding a protein involved in drug
metabolism, wherein said human DNA sequence is
operatively linked to an endogenous regulatory
sequence of the nonhuman animal, and the endogenous
equivalent gene in the non-human animal is optionally
annulled. One result of using promoters such as the
albumin promoter that were exclusively used in the
prior art is that the effects of expression of a gene
can only be monitored in a particular tissue - in the
case of the albumin promoter, this is the liver. Prior
art workers were not discouraged by this limitation,
because the liver was generally viewed as being the
only important tissue for studying drug metabolism,
and therefore only expression in the liver was
desired. Expression elsewhere in tissues other than
the liver was seen as artefactual and therefore a
hindrance to an effective model rather than being in
any way advantageous. Another drawback of the prior
art systems based on the use of the albumen promoter
is that for that system to work, a murine PXR null
background is required. This means that PXR is not
expressed anywhere other than from the transgene in
the liver, which has very wide-ranging effects on drug
metabolism; such a mouse no longer reflects the
natural tissue distribution of a natural mouse. The
inventors are of the view that the liver is not the
only important tissue for drug metabolism.
Accordingly, what the prior art workers perceived as
an advantage, i.e. that exclusive liver-specific
expression enabled an accurate assessment of the real
physiological situation, the inventors see as a
distinct disadvantage because other potentially
important tissues are ignored. The invention allows a
global, holistic snapshot to be obtained of the drug
metabolism process. Use of the endogenous promoter
also carries other advantages with it. In particular,
the fidelity of developmental expression is retained.
Whereas prior art systems have used liver-specific
promoters that sponsor liver expression exclusively,
the use of the natural endogenous promoter ensures
that the protein is expressed in the tissues in which
it naturally occurs, and not only in the adult animal,
but also at each developmental stage. This also
carries with it the advantage that the transgenic
animals are more likely to be viable and thus useful
as drug screens and in the development of downstream
crosses. It also allows the animals to be used to
screen for teratogenic effects of a test compound, as
placental expression of transcription factors and drug
metabolising enzymes is retained. Furthermore, the
inventors have also noted the existence of a potential
"repression" effect whereby a particular drug compound
reduces the level of a particular drug transporter or
metabolising enzyme and so alters the rate or pathway
of disposition. For example, were the levels of human
CYP3A4 to decrease, for example as a result of
repression of mouse PXR rather than the conventional
human transcription factor partner, then an
alternative pathway of disposition may be exaggerated.
This would give a misleading impression of the enzyme
levels that are induced by aparticular drug in an
organism. It would also give a misleading impression
of the rate and type of metabolism that would operate
in the human on exposure to that particular drug. The
inventors have also noted that the duration of induced
expression by a particular drug is of great
importance. For example, some drugs that are
candidates for use in humans may not be 



metabolised efficiently in the mouse. This means that
such a drug remains present at a systemically high
concentration for a significant period. This means
that transcription factors such as PXR will remain
activated for this period, being constantly activated
for this period. Associated levels of drug
metabolising enzymes, drug transporters and other such
enzymes will as a result also be highly expressed
during the entire period that the drug remains in the
animal. This clearly is misleading and in contrast to
the equivalent situation in the human where the
metabolism of the drug may be significantly more
efficient. Using the human promoter rather than the
mouse promoter may be preferable to drive the
expression of transcription factors, phase 1 drug
metabolising enzymes, phase 2 drug metabolising
enzymes, and/or drug transporters, as it allows the
idiosyncrasies of the human expression system to be
retained. Again using the example of the mouse CYP3A
genes, these have a different number of PXR and CAR
response elements to the number that is present in the
human CYP3A4 gene. Were the equivalent mouse promoter
to be used, then the response to transcriptional
activation of PXR by exposure of the animal to drug
would be correspondingly different to the response
that is evident in a human system. It is also true
that in many cases, the benefit of using the human
promoter is that a true mouse orthologue does not
exist. This would then lead to greater or lesser
production of the drug metabolising protein in
response to a particular drug, so potentially
exaggerating or diminishing the role of that protein
in the metabolism of that drug. For example, in a
particular mouse system known in the prior art, it may
be that because of inappropriately high levels of
expression of CYP3A4, driven by an inappropriate
promoter, the tested drug is metabolised too quickly
for any potentially beneficial effect to be evident.
This is of course misleading. In contrast, using the
natural human promoter means that, following this
example, the appropriate amount of CYP3A4 would be
produced in response to drug activation, and
furthermore, would be produced in the correct tissue.
The natural physiological response to a particular
drug will then be mimicked, in terms of the amount of
CYP3A4 that is produced, not only in the liver, but
also, say, in the gastro-intestinal tract. If the drug
is in fact a substrate for CYP3A4, then it will be
metabolised at a rate and in a manner that mirrors the
situation in the human. In contrast, a prior art
method that uses an albumin promoter to direct
expression of inappropriately large amounts ofCYP3A4
will distort the role of this protein and give
misleading results. For instance, the drug might in
fact only be a weak substrate for CYP3A4, but will
nevertheless be metabolised aggressively if high
amounts of the protein are present. Thus, regulatory
sequences are preferably of human origin or non-human
animal origin. In more preferred embodiments, the
regulatory sequences are of human origin or originate
from the target non-human animal (e.g. mouse). This
enables the wild-type expression pattern to be
retained (developmentally, temporally and spatially).
As a result, the human protein is produced in the
correct place at the correct time. This imparts a
realism to the model that is simply not possessed in
the prior art systems. Preferred constructs In some
circumstances, the target gene and the human
incorporated gene may share a leader sequence. This
may be achieved by retaining at least one intron from
the target non-human animal gene in the construct,
which usually results in a better expression. This
strategy also ensures that the gene product will be
guided to the right intracellular location. The human
leader sequence might be able to fulfil that function
as well, but it is often safer to use the mouse leader
instead. For instance, in the case of MRP2, the
"leader sequence" of the mouse protein, which is
encoded by exon 1, may be retained. The human cDNA
without sequences from exon 1 is then introduced into
exon 2 of the mouse genomic sequence. The original
splice sites for mouse intron 1 will be retained, so
that this construct encodes a fusion protein of amino
acids from mouse exon 1 and human exons 2-32. This
construct ensures a high level of expression and also
that the MRP2 is guided to its correct location, the
plasma membrane. In other cases, the incorporated
human gene may be brought under control of the
promoter of the appropriate target animal gene. For
example, in the case of MDRl, the cDNA of human MDRl
may be fused to the translational start site of the
corresponding mouse genes (Mdrla or Mdrlb). In the
example of PXR, a hybrid of human PXR cDNA and genomic
sequences may be fused to the translational start site
of the mouse PXR gene, whereby the mouse Start-ATG is
retained. In the case of CAR, the human sequence may
be fused to the translational start site of the mouse
CAR gene. As explained above, the use of a partial or
complete human genomic DNA sequence provides
significant advantages, e.g. by permitting production
of splice variants. Thus, in a further aspect the
invention provides a transgenic non-human animal,
tissue or cells derived therefrom incorporating a
human DNA sequence encoding a protein involved in
drugmetabolism under the control of an endogenous
regulatory sequence, wherein the human DNA sequence
comprises at least one intron, such that at least one
splice variant is produced when the human DNA sequence
is transcribed in the transgenic non-human animal,
tissue or cells derived therefrom. In this aspect of
the invention, the endogenous equivalent gene encoding
the protein in the non-human animal is optionally
annulled. In some embodiments of this aspect of the
invention, the protein involved in drug metabolism is
a transcription factor, a phase- 1 drug-metabolising
enzyme, a phase-2 drug-metabolising enzyme 



and/or a drug transporter protein as described
elsewhere herein. In other embodiments of this aspect
of the invention, the protein involved in drug
metabolism is a phase- 1 or phase-2 drugmetabolizing
enzyme, as described elsewhere herein. In other
embodiments of this aspect of the invention, the
protein involved in drug metabolism is a drug
transporter protein as described elsewhere herein. As
explained above, whole gene clusters should preferably
be replaced where possible, rather than simply
replacing individual genes, because the resulting drug
metabolism pathways more closely resemble the in vivo
situation in humans. Thus, in a further aspect the
invention provides a transgenic non-human animal,
tissue or cells derived therefrom incorporating a
human DNA sequence encoding a cluster of proteins
involved in drug metabolism under the control of
endogenous regulatory sequences. In this aspect of the
invention, a corresponding cluster of endogenous
equivalent genes is optionally annulled. In preferred
embodiments of this aspect of the invention, the
intron-exon structure of the human DNA sequence is
maintained (i.e. genomic sequences rather than cDNA
sequences are used, as described elsewhere herein).
The invention provides non-human animals, tissue or
cells derived therefrom into which a human DNA
sequence encoding a protein involved in drug
metabolism has been inserted, and in which an
endogenous gene encoding a protein involved in drug
metabolism is optionally annulled. However, non-human
animals, tissues or cells derived therefrom in which
an endogenous gene for a protein involved in drug
metabolism has been annulled, and which do not further
comprise a human DNA sequence encoding a protein
involved in drug metabolism are also useful in the
invention. Such "knock-out" non-human animals, tissues
or cells are particularly useful in parallel with the
"knockin" (humanised) non-human animals, tissues or
cells of the invention, because comparison of
experimental data generated using knock-in and
knock-out mice can reveal further useful information
regarding pathways of drug metabolism. Thus, in a
further aspect the invention provides a method for
investigating xenobiotic metabolismor toxicity,
comprising the use of: (i) a non-human animal, tissue
or cells derived therefrom incorporating a human DNA
sequence encoding a protein involved in drug
metabolism under the control of an endogenous
regulatory sequence and optionally having its
endogenous equivalent gene annulled; (ii) a
corresponding non-human animal, tissue or cells
derived therefrom whose endogenous equivalent gene has
been annulled but which does not incorporate a human
DNA sequence encoding the protein involved in drug
metabolism; and (iii) optionally a corresponding
wild-type non-human animal, tissue or cells derived
therefrom. Preferred non-human animals of type (i)
include those specified elsewhere herein {e.g. those
having the genotype huPXR, huCAR, huPPARa, huAhR,
huCYP3A4, huCYP3A cluster, huCYP2C9, huCYP2C cluster,
huCYP2D6, huCYPlAl/lA2, huUGT, huMDRl/mdrla ,
huMDRl/mdrlb , huMDRl/mdrla^/mdrlb , or huMRP2).
Preferred non-human animals of type (ii) include those
specified elsewhere herein {e.g. those having the
genotype koPXR, koCAR, koPPARa, koAhR, koCyp3al l ,
koCyp3a cluster, koCyp2c cluster, koCyplal/Cypla2,
koCyp2d cluster, or koUGT). Thus, such methods may
involve e.g., comparing drug metabolism in (i) a
non-human animal with the genotype huPXR, and (ii) a
non-human animal with the genotype koPXR (and
optionally (iii) a wild-type non-human animal).
Preferably, such methods comprise the use of: (i) two
or more, three or more, four or more, or five or more
non-human animals, tissues or cells derived therefrom
incorporating respectively two or more, three or more,
four or more, or five or more human DNA sequences
encoding different proteins involved in drug
metabolism under the control of endogenous regulatory
sequences, each non-human animal, tissue or cells
optionally having its endogenous equivalent gene
annulled; (ii) two or more, three or more, four or
more, or five or more corresponding non-human animals,
tissues or cells derived therefrom whose endogenous
equivalent genes have been annulled but which do not
incorporate human DNA sequences encoding the relevant
drug metabolism proteins; and (iii) optionally a
corresponding wild-type non-human animal, tissue or
cells derived therefrom. Such methods may involve
e.g., comparing drug metabolism in (i) non-human
animals with thegenotypes huPXR, huCAR, huCYP2C
cluster, huUGT, and (ii) non-human animals with the
genotypes koPXR, koCAR, koCyp2c cluster, koUGT (and
optionally (iii) a wild-type non-human animal). In
other methods of the invention wherein different
transgenic non-human animals are compared, the
effect(s) of different regulatory sequences are
investigated. Thus, in a further aspect the invention
provides a method for investigating xenobiotic
metabolism or toxicity, comprising the use of: (i) a
first non-human animal, tissue or cells derived
therefrom incorporating a human DNA sequence encoding
a protein involved in drug metabolism under the
control of an endogenous human regulatory sequence,
the non-human animal, tissue or cells optionally
having its endogenous equivalent gene annulled; 



(ii) a second non-human animal, tissue or cells
derived incorporating a human DNA sequence encoding a
protein involved in drug metabolism under the control
of an endogenous nonhuman animal regulatory sequence,
the non-human animal, tissue or cells optionally
having its endogenous equivalent gene annulled; (iii)
optionally a corresponding non-human animal, tissue or
cells derived therefrom whose endogenous equivalent
gene has been annulled but which does not incorporate
a human DNA sequence encoding the protein involved in
drug metabolism; and (iv) optionally a corresponding
wild-type non-human animal, tissue or cells derived
therefrom. For example, drug metabolism can be
compared between (i) a first non-human animal with the
genotype huPXR, wherein the human DNA sequence
encoding PXR is under the control of an endogenous
human regulatory sequence, and (ii) a second non-human
animal with the genotype huPXR, wherein the human DNA
sequence encoding PXR is under the control of an
endogenous non-human animal regulatory sequence (and
optionally (iii) knock-out and/or (iv) wild-type
nonhuman animals). Such methods enable subtle
differences in gene regulation and expression levels
between humans and model organisms (e.g. mice) to be
elucidated. Other comparative methods are possible.
The skilled person will readily be able to select an
appropriate 'panel' of non-human animals, tissues or
cells derived therefrom as disclosed herein. The type
and number of non-human animals, tissues or cells
required for comparison will depend on the type of
analysis required (e.g. depending on the drug
metabolism pathway of interest and/or the drug of
interest). The invention provides transgenic non-human
animals, tissues or cells derived therefrom of various
genotypes (see elsewhere herein). The invention
provides a tool kit fromwhich the skilled person can
select the tools required for the desired analysis.
Thus, the invention provides a method for
investigating xenobiotic metabolism or toxicity,
comprising the use of at least two, at least three, at
least four, at least five, at least six, at least
seven, at least eight, at least nine, or at least ten
types of non-human animal, tissue or cells derived
therefrom, wherein each type of non-human animal,
tissue or cells comprises a different genetic
modification (e.g. knock-in, knock-out, altered
regulatory sequence) affecting the amino acid sequence
or expression of a protein involved in drug
metabolism. The 'holistic' methods disclosed herein,
in which multiple different types of transgenic
non-human animal, tissue or cells are compared, enable
a more rigorous analysis of drug metabolism and
toxicity than the prior art methods that involve use
of fewer types of transgenic non-human animal, tissue
or cell. The methods of the invention wherein
different transgenic non-human animals are compared
may involve administering the same drug at the same
dose to the different types of non-human animal (e.g.
"knock-in", "knock-out" and wild-type, human or
non-human regulatory sequences) and comparing the
metabolism or toxicity of that drug between the
different animals. Transgenic animals In preferred
embodiments of the present invention as described
above and below, the transgenic non-human animal and
tissues or cells derived therefrom is preferably a
mouse but may be another mammalian species, for
example another rodent, for instance a rat, hamster or
a guinea pig, or another species such as a monkey,
pig, rabbit, or a canine or feline, or an ungulate
species such as ovine, caprine, equine, bovine, or a
non-mammalian animal species. More preferably, the
transgenic non-human animal or mammal and tissues or
cells are derived from a rodent, more preferably, a
mouse. Although the use of transgenic animals poses
questions of an ethical nature, the benefit to man
from studies of the types described herein is
considered vastly to outweigh any suffering that might
be imposed in the creation and testing of transgenic
animals. As will be evident to those of skill in the
art, drug therapies require animal testing before
clinical trials can commence in humans and under
current regulations and with currently available model
systems, animal testing cannot be dispensed with. Any
new drug must be tested on at least two different
species of live mammal, one of which must be a large
non-rodent. Experts consider that new classes of drugs
now in development that act in very specific ways in
the body may lead to more animals being used in future
years, and to the use of more primates. For example,
as science seeks to tackle the neurological diseases
afflicting a 'greying population', it is considered
that we will need a steady supply of monkeys on which
to test the safety and effectiveness of the
next-generation pills.Accordingly, the benefit to man
from transgenic models such as those described herein
is not in any limited to mice, or to rodents
generally, but encompasses other mammals including
primates. The specific way in which these novel drugs
will work means that primates may be the only animals
suitable for experimentation because their brain
architecture is very similar to our own. The invention
aims to reduce the extent of attrition in drug
discovery. Whenever a drug fails at a late stage in
testing, all of the animal experiments will in a sense
have been wasted. Stopping drugs failing therefore
saves test animals' lives. Therefore, although the
present invention relates to transgenic animals, the
use of such animals should reduce the number of
animals that must be used in drug testing programmes.
An advantage of the present invention is that it
avoids problems of species divergence between the
human and other mammals that have conventionally been
used as test models. One example is provided by the
family of peroxisome proliferator activated receptors
(PPARs), to which various drugs were in the past
developed as hypolipidaemia agents. The development of
these drugs was stopped, as they were identified in
mouse models to be epigenetic carcinogens. It
eventually turned 



out that that the difference in toxicity between
species could be attributed to differences in levels
of PPARa in the liver. The phenomenon apparent in the
mouse does not occur in humans, because of lower
levels of PPARa protein that are present in the liver.
There are very clear advantages to models that exhibit
bonafide levels of protein expression that reflect
those present in the human body. Preferably, the human
DNA sequences are each independently linked to human
or non-human animal regulatory DNA sequences (e.g. the
endogenous human or non-human promoter). This linkage
is distinct from the prior art and provides the
advantage of improvement over prior art models as this
further advances the mirroring of an in vivo human
situation. A particular advantage of the humanised
transgenic animals, cells and tissues, of the present
invention is that they combine the benefits of normal
experimental animal models with those of human cell or
tissue culture in a single system. This system or
humanised transgenic animal will provide the
pharmaceutical industry with an improved alternative
for use in all pre-clinical metabolism, toxicity and
drug disposition studies. Cells Another aspect of the
invention relates to cells, modified so as to possess
properties according to any one of the above-described
aspects of the invention. Hepatocytes and neuronal
cells are preferred cell types according to the
present invention. The cells may be animal cells,
includingmammalian cells, such as non-human cells or
rodent cells, more specifically, mouse cells. Cells
according to this aspect of the invention may be
created from transgenic animals according to the
invention using standard techniques, as will be clear
to the skilled reader, imbued with knowledge of the
present invention. Suitable methods are described in
many standard laboratory manuals, such as Davis et
al., Basic Methods in Molecular Biology (1986);
Sambrook Molecular Cloning; A Laboratory Manual, Third
Edition (2000); Ausubel et al., 1991 [supra]; Spector,
Goldman & Leinwald, 1998). In one aspect, such cells
may be non-human animal cells, such as mouse cells,
generated according to any one of the above-described
aspects of the invention. One preferred method of
generating such cells is to cross a humanised mouse,
as described above, with SV40 immortalised mouse (for
example, the immorta-mouse (Taconix). Cells may
subsequently be isolated from such animals according
to well known techniques in the art. In contrast to
prior art transgenic systems, which used the albumin
promoter that is only active in the liver and thus
only able to generate hepatocytes, cells from
transgenic animals generated according to the present
invention may be of a diverse selection of different
cell types, including cells of significant importance
to pharmacokinetics analyses, such as hepatocytes and
neuronal cells. Stem cells isolated from transgenic
animals according to the invention, with properties as
described above are also useful aspects of the present
invention. Such cells may be pluripotent, or partially
differentiated. Stem cells may be adult stem cells or
embryonic stem cells. More generally, stem cells
employed may be from a post-embryonic developmental
stage e.g. foetal, neonatal, juvenile, or adult. Stem
cells isolated in this manner may be used to generate
specific types of cells such as hepatocytes and
neuronal cells. Such cells also form an aspect of the
present invention. Preferred selections of replaced
genes According to a further aspect of the invention,
there is provided a non-human animal, tissue or cells
derived therefrom incorporating: (i) at least one
human DNA sequence encoding a transcription factor;
and (ii) at least one human DNA sequence encoding a
drug transporter protein; and whose endogenous
equivalent genes have optionally been annulled. The
inventors are of the view that in the case of models
of drug metabolism, it is important to generate
animals that are not just transgenic for particular
drug metabolising enzymes, but also to incorporate in
these models, proteins that are transporters of drugs
i.e. drug transporter proteins.For example, many
compounds that activate PXR, the nuclear transcription
factor, are also substrates for MDRl and are thus
transported out of cells by this protein. Therefore,
in order to create a faithful model of the in vivo
situation, animals must preferably be transgenic for
drug transporter proteins, otherwise a misleading
impression will be obtained of the intracellular
effects of any particular concentration of drug. Of
the drug transporter proteins, MDRl is preferred. In
the case of prior art transgenic mice models, of
course, the redundancy of drug transporters that is
generated by the presence of both mdrla and mdrlb can
generate misleading results and so preferably, both
these mouse genes should be knocked out and replaced
with the human mdrl gene. The expression of genes
encoding drug transporter proteins such as MDRl is
also activated by the PXR-based signalling system.
Accordingly, because the expression of the phase I,
phase II and drug transporter genes is linked by PXR,
in addition to the fact that the products of these
genes have varied effects on the levels and metabolism
of drugs and their metabolites, the integrity of co
ordinated regulation that is maintained according to
the present invention is extremely advantageous,
particularly when compared to prior art systems.
Preferably, when a non-human animal according to the
invention incorporates a human DNA sequence encoding
the transcription factor PXR, the human DNA sequence
encoding PXR comprises at least part of intron 6
and/or intron 7 of the human PXR gene, or is
additionally 



characterised as described in more detail herein above
and in the claims. In addition, MDR is expressed at a
significant degree in the gastro-intestinal (GI) tract
and in the environment of the blood-brain barrier.
Since both the GI tract and the blood brain barrier
are significant sources of drug transport into the
blood stream, the presence of physiologically-relevant
MDR expression levels imparts an important aspect of
the drug metabolism process to the drug model and in
demonstrating pharmacological activity. The presence
of MDR in the GI tract, for example, can render
orally-delivered drug not bioavailable. MDR is very
important for drug transport both in an out of the
brain. MDR also transports drugs from somatic cells in
the liver into the bile. Other preferred combinations
of drug metabolism genes are listed as follows.
According to a further aspect of the invention, there
is provided a non-human animal, tissue or cells
derived therefrom incorporating: (i) at least one
human DNA sequence encoding a transcription factor;
and (ii) at least one human DNA sequence encoding a
phase- 1 drug-metabolising enzyme;and/or (iii) at
least one human DNA sequence encoding a drug
transporter protein; and whose endogenous equivalent
genes have optionally been annulled. According to a
further aspect of the invention, there is provided a
non-human animal, tissue or cells derived therefrom
incorporating: (i) at least one human DNA sequence
encoding a transcription factor; and (ii) at least one
human DNA sequence encoding a phase-2
drug-metabolising enzyme; and/or (iii) at least one
human DNA sequence encoding a drug transporter
protein; and whose endogenous equivalent genes have
optionally been annulled. According to a further
aspect of the invention, there is provided a non-human
animal, tissue or cells derived therefrom
incorporating: (i) at least one human DNA sequence
encoding a transcription factor; (ii) at least one
human DNA sequence encoding a phase- 1
drug-metabolising enzyme; (iii) at least one human DNA
sequence encoding a phase-2 drug-metabolising enzyme;
and (iv) at least one human DNA sequence encoding a
drug transporter protein; and whose endogenous
equivalent genes have optionally been annulled.
Preferably, these aspects include any one or more of
the features hereinbefore described. In preferred
embodiments of these aspects, one or more of the human
DNA sequences is a partial or complete genomic
sequence as described elsewhere herein. According to a
yet further aspect of the invention there is provided
a non-human animal, tissue or cells derived therefrom
incorporating human DNA sequences encoding a PXR and a
CAR transcription factor and at least one human DNA
sequence encoding a phase- 1 drug-metabolising enzyme
and at least one human DNA sequence encoding a phase-2
drug-metabolising enzyme and at least one human DNA
sequence encoding a drug transporter protein, wherein
the endogenous equivalent genes in the non-human
animal, tissue or cells have optionally been
annulled.According to a yet further aspect of the
invention there is provided a non-human animal, tissue
or cells derived therefrom incorporating: (i) a human
DNA sequence encoding a PXR and/or a CAR
transcriptionfactor; (ii) a human DNA sequence
encoding the CYP3A4 enzyme; and (iii) a human DNA
sequence encoding the MDRl protein. This aspect of the
invention is of particular utility in that the CYP3A4
enzyme is of particular importance in the GI tract and
therefore an animal humanised for this isoform will be
of importance in investigating the role of drug
metabolism in drug bioavailability in the gut. In
addition, as set out above, the MDRl protein is known
to be expressed at the blood-brain barrier and when
incorporated into the above described humanised mouse
will provide a truly representative scenario of the
uptake of drugs/xenobiotics into and out of the brain
in man. According a yet further aspect of the
invention there is provided a non-human animal, tissue
or cells derived therefrom incorporating: (i) a human
DNA sequence encoding a PXR and/or a CAR transcription
factor; (ii) a human DNA sequence encoding the CYP3A4
enzyme; (iii) a human DNA sequence encoding the UGTlA
enzyme; and (iv) a human DNA sequence encoding the
MDRl protein. According a yet further aspect of the
invention, there is provided a non-human animal tissue
or cells derived therefrom incorporating (i) a human
DNA sequence encoding the transcription factor PXR;
(ii) a human DNA sequence encoding the transcription
factor CAR; (iii) a human DNA sequence encoding the
transcription factor AhR; and (iv) a human DNA
sequence encoding the transcription factor PPARa..
Non-human animal humanised for PPARa, and preferably
additionally humanised for further transcription
factors and/or phase- 1 and/or phase 2
drug-metabolising enzymes and/or drug 



transporter proteins are particularly advantageous for
use in assessing, monitoring or investigating
non-genotoxic carcinogenic (hyperplastic) effects.
Preferably, when said non-human animal humanised for
PPARa also incorporates a human DNA sequence encoding
the transcription factor PXR, the human DNA sequence
encoding PXR comprises at least part of intron 6
and/or intron 7 of the human PXR gene, or is
additionaly characterised as described in more detail
herein above and in the claims.Other preferred
combinations include combinations of a PXR and/or a
CAR transcription factor, a human DNA sequence
encoding the MDRl protein and one or more of: CYP2A9,
the CYP3Acluster, the CYP2C-cluster and UGT or the
UGTO-cluster. Particularly preferred transgenic
non-human animals, tissues and cells of the invention
have a genotype as specified in the following list.
The prefix "hu" refers to humanisation of the relevant
endogenous non-human animal gene, and the prefix "ko"
refers to a knock-out of the relevant endogenous
non-human animal gene. Unless otherwise required by
the context, references to genes and genotypes herein
that are in capitals (e.g. CYP3A4) refer to a human
gene or gene cluster (and possibly also to a gene or
gene cluster in a non-human animal), whereas
references to genes and genotypes not in capitals
(e.g. Cyp3al 1) refer to a gene or gene cluster in a
non-human animal (e.g. mouse). Transcription Factors
huPXR; koPXR; huCAR; koCAR; huPPARa; koPPARa; huAhR;
and koAhR. Drug-Metabolizing Enzymes huCYP3A4;
koCyp3al 1; huCYP3A cluster; koCyp3a cluster;
huCYP2C9; huCYP2C cluster; koCyp2c cluster; huCYP2D6;
koCyp2d cluster; huCyp2d cluster; huCYPlAl/1 A2
(meaning both CYPlAl and CYP1A2 are humanised);
koCyplal/Cypla2 (meaning both Cyplal and Cypla2 are
knocked out); huUGT; huUGTIA; huUGTIA cluster; huGST
and koUGT. Drug Transporter Proteins huMDRl/mdrla ;
huMDRla; koMDRla; huMDRl/mdrlb ; huMDRlb; koMDRlb;
huMDR1/mdr1a'Vmdr1b ; huMDRla/huMDRlb (/.e.,
huMDRla/b); koMDRla/koMDRlb; huMRP2; huBCRP (the
transmembrane ABC-type half-transporter ABCG2) koMRP2.
Particularly preferred transgenic non-human animals,
tissues and cells of the invention incorporate a
combination of two or more of the genotypes described
herein, some examples of which are specified in the
following list, wherein the symbol "/" indicates a
combination of relevant genotypes. Complex Genotypes
huPXR/huCAR; koPXR/huCAR; huPXR/koCAR; koPXR/koCAR;
huPXR/huCAR/huAhR/huPPARa; koPXR/koCAR/koAhR/koPPARa;
huCyplA cluster/huAhR; huCYP2C9/huPXR; koCyp2c
cluster/huPXR; huCYP2D6/huPXR; 



huCyp2d cluster/huPXR/huCAR; huCYP3A4/huPXR; koCyp3al
1/huPXR; huCYP3A4/koCyp3al 1/huPXR; koCyp3a
cluster/huPXR; huMDRl/mdrla'/huPXR;
huMDRl/mdrlb'VhuPXR; huMDR1/mdr 1a'Vmdr1b'/huPXR;
huPXR/huCAR/huMDR 1a/b; huPXR/huCAR/koMDRl a/b;
huMRP2/huPXR; huCYP3A cluster/huPXR/huCAR;
huCYP3A4/huPXR/huCAR; huCYP3A4/koCyp3al l/huPXR/huCAR;
huCYPSA cluster/huMDRl/mdrla'Vmdrlb'VhuPXR/huCAR;
huCYP3A cluster/huMDRl/mdrla /7mdrlb
/7huUGT/huMRP2/huPXR/huCAR; huCYP3A cluster/huCYP2C
cluster/huMDRl/mdrla /7mdrlb /7huPXR/huCAR; huCYP3A
cluster/huCYP2C cluster/huMDRl/mdrl a /7mdrlb
/7huUGT/huMRP2/huPXR/huCAR; huCYP2C
cluster/huPXR/huCAR; huCYP2C9/huPXR/huCAR;
huUGT/huPXR/huCAR;huUGT/huMRP2/huPXR/huCAR; huMDRl/mdr
1a /mdr1b^/huPXR/huCAR; and huMRP2/huPXR/huCAR.
Transgenic non-human animals, tissues and cells having
a combination of two or more genetic manipulations as
described herein are particularly preferred, because
the drug metabolism pathways in those non-human
animals, tissues and cells more closely resemble the
in vivo situation in humans. Such non-human animals,
tissues and cells may incorporate 2 or more, 3 or
more, 4, or more 5 or more, 6 or more, 7 or more, 8 or
more, 9 or more, or 10 or more of the genetic
manipulations as described herein. Suitable methods
and targeting vectors for generating the transgenic
non-human animals, tissues or cells of the invention
are described elsewhere herein, and specific targeting
strategies are described in the Examples herein and
schematically illustrated in the Figures. Each of the
specific targeting strategies and targeting vectors
described and illustrated herein forms a further
aspect of the invention. Thus, the invention provides
a method of introducing into a non-human animal cell
at least one human DNA sequence encoding a protein
involved in drug metabolism using a targeting strategy
or targeting vector(s) substantially as described
herein or substantially as depicted in the Figures
herein. In particular, the invention provides a
transgenic mouse, tissue or cells derived therefrom
comprising one or more of the following features: A.
Transcription FactorsPHARMACEUTICAL COMPOSITIONS AND
METHOD FOR TREATING ACUTE MANIA FIELD OF THE INVENTION
The present invention relates to use of
(thio)-carbamoyl-cyclohexane derivatives, particularly
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}- N N-dimethylcarbamoyl-cyclohexylamine and
pharmaceutically acceptable salts thereof in the
manufacture of a medicament for the treatment of acute
mania. Furthermore, the present invention relates to
the treatment of acute mania through the
administration of (thio)- carbamoyl cyclohexane
derivatives, particularly trans-4-
{2-[4-(2,3-dichlorophenyl)-piperazin- 1-yl] -ethyl -N
N-dimethylcarbamoyl-cyclohexylamine and
pharmaceutically acceptable salts thereof. BACKGROUND
OF THE INVENTION Bipolar disorder in the United States
affects 5.7 million adults or about 2.6% of the
population 18 years of age and older in any given year
and has considerable economic impact on our society.
In a 1991 study conducted by the US National Institute
of Mental Health, an estimated annual cost of $45
billion was attributed to bipolar disorder in the
United States alone (Wyatt R J, Henter L, SOc.
Psychiatry Psychiatr. Epidemiol, 30(5), 213-9, 1995).
In the year 2000, this disorder ranked as the fifth
leading cause of disability in adults between the ages
of 15 and 44 (World Health Organization, World Health
Report 2001, "Mental Health: New Understanding, New
Hope." http://www.who.int/whr/2001/en/2001). Bipolar
disorder is a complex, chronic illness causing
dramatic mood swings and unusual shifts in energy and
behavior, ultimately resulting in functional
impairments; it is associated with significant
morbidity and mortality. It manifests itself as
alterations in mood and energy from euphoria and
excitability to depression and psychomotor retardation
(Goodwin and Jamison, 1990 (Goodwin FK, Jamison KR.
In: Manic-depressive illness. New York: Oxford
University Press, 642-647, 1990), and is associated
with significant morbidityand mortality. Suicide rates
within this population are among the highest of all
psychiatric illnesses (Mller-Oerlinghausen et al,
Lancet, 359 (9302), 241-7, 2002). Bipolar disorder is 



treated in phases, with each phase presenting its own
set of challenges to the treating physician. Bipolar
mania accounts for one in seven psychiatric
emergencies. Acute manic and mixed episodes are
frequently associated with severe behavioral,
physical, functional, and cognitive disturbances, all
of which can have important personal and social
consequences. For the most part, bipolar mania
constitutes a medical emergency requiring a hospital
admission to ensure the immediate safety of the
patient or others and rapid symptomatic relief (Keck,
British MedicalJournal, 327 (7422), 1002-3, 2003). A
variety of pharmacological agents are currently
available for the management of acute mania, including
mood stabilizers, anticonvulsants, and antipsychotics,
all of which can be used as monotherapy or in
combination regimens hi recent years, the atypical
antipsychotics (eg, olanzapine, risperidone,
quetiapine, ziprasidone, aripiprazole) have been
approved for mania in bipolar disorder. First- and
second-generation antipsychotics are used in the acute
setting in combination with mood stabilizers to
achieve a more rapid control of symptoms in severely
agitated patients whose treatment also necessitates
hospitalization. Compared to conventional agents, the
side effect profile of atypical antipsychotics is more
favorable. However, the atypicals have been associated
with an increased risk of metabolic side effects,
including body weight gain, dyslipidemia, glucose
intolerance, and type II diabetes. Because of this
increased risk, the FDA requires a warning label for
diabetes on all atypical antipsychotics. Other side
effects commonly associated with currently available
treatment options for acute mania in bipolar patients
include tremors, psychomotor slowing, cognitive
impairment, exacerbation of agitation, nephrotoxicity,
altered thyroid function, and sexual dysfunction.
Therefore, despite substantial advances in the
pharmacological treatment of bipolar disorder,
treatment needs are still not met by currently
available therapies and only a low percentage of
patients persistently benefit from treatment (Sachs,
J. CHn. Psychopharmacol., 23 (3 Suppl 1), S2-8, 2003).
A significant percentage of patients do not fully
respond to these treatment options and continue to
experience subthreshold symptoms and even relapse.
This is attributed partly to the lack of efficacy of
currently available medications, the production of
intolerable side effects, and the increasing
therapeutic costs (especially with use ofcombination
regimens). These drawbacks limit their applicability
and result or contribute to patient noncompliance. The
optimum acute and long-term treatment strategies for
acute bipolar mania are not yet established. More
effective therapies with improved side effect profiles
are still needed to enhance acute, as well as
long-term, outcomes in these patients without the
possibility of inducing depression or rapid cycling.
U.S. Patent Publication No. 2006/0229297 discloses
(thio) carbamoyl-cyclohexane derivatives that are D3
and D2 dopamine receptor subtype preferring ligands,
having the formula (I): wherein R1, R , X, and n are
as defined therein. Hungarian Patent Application No.
P0700339 discloses salts of trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin- 1-yl]-ethyl}
-N^-dimethylcarbamoyl-cyclohexylamine. One particular
compound disclosed therein is
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-
ethylJ-N N-dimethylcarbamoyl-cyclohexylamine
hydrochloride, which is also known as trans-l
{4-[2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-ethyl]-c
yclohexyl}-3,3-dimethyl-urea hydrochloride, the
structural formula for which is shown below: These
(thio)-carbamoyl-cyclohexane derivatives are orally
active and very potent dopamine D3/D2 receptor
antagonists, which bind with significantly higher
potency to D3 than D2 receptors.. The D3 receptor
antagonism is about one order of magnitude greater
than the D receptor antagonism, which is believed to
counteract some of the extrapyramidal side effects
produced by D2 receptor antagonists. Some compounds
e.g. trans-4-{2-[4-(2,3- dichlorophenyl)-piperazin-
1-yl] -ethyl}-N
N-dimethylcarbamoyl-cyclohexylaminehydrochloride have
another unique feature which is that in vivo it acts
as a "dopamine system stabilizer." hi this regard, it
has preferential dopaminergic actions in the limbic
regions and displays both (partial) agonist and
antagonist activity on biosynthesis (and release)
modulating presynaptic D2 receptors depending on the
functional status of the particular dopaminergic
system. In addition to the increased relative affinity
for dopamine D3 to D2 trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin- 1-yl]-ethyl}-N
N-dimethylcarbarnoyl-cyclohexylamine hydrochloride has
a low potency at other receptor sites such as the 5-HT
C, histamine Hi, and adrenergic receptor sites, which
suggest a lower potential for side effects such as
extrapyramidal symptoms (EPS) and body weight gain.
Trans-4-{2-[4-(2,3-dichlorophenyl)-
piperazin-l-ylJ-ethylJ-N.N-dimethylcarbamoyl-cyclohexy
lamine hydrochloride also has considerable affinity
for, and is a partial agonist at, the serotonin 5-HT1A
receptors, indicating that it may be effective in
treating the depressive symptoms associated with
bipolar disorder. SUMMARY OF THE INVENTION The present
invention relates to use of
(thio)-carbamoyl-cyclohexane derivatives of formula
(I), particularly
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,Ndimethylcarbamoyl- cyclohexylamine and
pharmaceutically acceptable salts thereof in the
manufacture of a medicament for the treatment of acute
mania. Furthermore, the present 



invention relates to the treatment of acute mania
through the administration of (thio)- carbamoyl
cyclohexane derivatives of formula (I), particularly
trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine and pharmaceutically acceptable
salts thereof. DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to use of
(thio)-carbamoyl-cyclohexane derivatives of formula
(I)(I) wherein R1 and R2 are each, independently
hydrogen, alkyl, alkenyl, aryl, cycloalkyl, aroyl, or
R1 and R form a heterocyclic ring with the adjacent
nitrogen atom; X is O or S; n is 1 or 2; and/or
geometric isomers and/or stereoisomers and/or
diastereomers and/or salts and/or hydrates and/or
solvates and/or polymorphs thereof in the manufacture
of a medicament for the treatment of acute mania. In
certain embodiments, when R1 and/or R2 represent
alkyl, the alkyl moiety is a substituted or
unsubstituted saturated hydrocarbon radical which may
be straight-chain or branched-chain and contains about
1 to about 6 carbon atoms (particularly, 1 to 4 carbon
atoms), and is optionally substituted with one or more
C1-6 alkoxycarbonyl, aryl (e.g., phenyl) or (Ci-6
alkoxycarbonyl)-C -6 alkyl groups, or combinations
thereof. In additional embodiments, R1 and R2 form a
heterocyclic ring with the adjacent nitrogen atom,
which may be a saturated or unsaturated, optionally
substituted, monocyclic or bicyclic ring, which may
contain further heteroatoms selected from O, N, or S.
For example, the heterocyclic ring can be pyrrolidine,
piperazine, piperidine or morpholine. In additional
embodiments, when R1 and/or R2 represent alkenyl, the
alkenyl moiety may have 2 to 7 carbon atoms and 1 to 3
double bonds. In additional embodiments, when Ri
and/or R represent aryl, the aryl moiety may be
selected from an optionally substituted mono-, bi- or
tricyclic aryl, such as, but not limited to, phenyl,
naphthyl, fluorononyl, or anthraquinonyl group (e.g.,
phenyl or naphthyl). The aryl moiety may be
substituted with one or more Ci-6 alkoxy, trifluoro-C
1-6 alkoxy, C1-6alkoxycarbonyl, C1-6 alkanoyl, aryl,
C1-6 alkylthio, halogen, cyano groups or combinations
thereof. In additional embodiments, when R1 and/or R2
represent cycloalkyl, the cycloalkyl moiety may be
selected from an optionally substituted mono-, bi- or
tricyclic cycloalkyl group, such as cyclohexyl or
adamantyl. In additional embodiments, when R1 and/or
R2 represent aroyl the aryl moiety therein is as
defined above, e.g., phenyl. Pharmaceutically
acceptable salts include those obtained by reacting
the main compound, functioning as a base with an
inorganic or organic acid to form a salt, for example,
salts of hydrochloric acid, sulfuric acid, phosphoric
acid, methane sulfonic acid, camphor sulfonic acid,
oxalic acid, maleic acid, succinic acid, citric acid,
formic acid, hydrobromic acid, benzoic acid, tartaric
acid, fumaric acid, salicylic acid, mandelic acid, and
carbonic acid. Pharmaceutically acceptable salts also
include those in which the main compound functions as
an acid and is reacted with an appropriate base to
form, e.g., sodium, potassium, calcium, magnesium,
ammonium, and choline salts. Those skilled in the art
will further recognize that acid addition salts of the
claimed compounds may be prepared by reaction of the
compounds with the appropriate inorganic or organic
acid via any of a number of known methods.
Alternatively, alkali and alkaline earth metal salts
can be prepared by reacting the compounds of the
invention with the appropriate base via a variety of
known methods. The following are further examples of
acid salts that can be obtained by reaction with
inorganic or organic acids: acetates, adipates,
alginates, citrates, aspartates, benzoates,
benzenesulfonates, bisulfates, butyrates, camphorates,
digluconates, cyclopentanepropionates,
dodecylsulfates, ethanesulfonates, glucoheptanoates,
glycerophosphates, hemisulfates, heptanoates,
hexanoates, fumarates, hydrobromides, hydroiodides,
2-hydroxyethanesulfonates, lactates, maleates,
methanesulfonates, nicotinates,
2-naphthalenesulfonates, oxalates, palmoates,
pectinates, persulfates, 3-phenylpropionates,
picrates, pivalates, propionates, succinates,
tartrates, thiocyanates, tosylates, mesylates and
undecanoates. In one embodiment, the pharmaceutically
acceptable salt is a hydrochloride salt.Some of the
compounds useful in the present invention can exist in
different polymorphic forms. As known in the art,
polymorphism is an ability of a compound to
crystallize as more than one distinct crystalline or
"polymorphic" species. A polymorph is a solid
crystalline phase of a compound with at least two
different arrangements or polymorphic forms of that
compound molecule in the solid state. Polymorphic
forms of any given compound are defined by the same
chemical formula or composition and are as distinct in
chemical structure as crystalline structures of two
different chemical compounds. The use of such
polymorphs is within the scope of the present
invention. Some of the compounds useful in the present
invention can exist in different solvate forms.
Solvates of the compounds of the invention may also
form when solvent molecules are 



incorporated into the crystalline lattice structure of
the compound molecule during the crystallization
process. For example, suitable solvates include
hydrates, e.g., monohydrates, dihydrates,
sesquihydrates, and hemihydrates. The use of such
solvates is within the scope of the present invention.
Furthermore, the present invention particularly
relates to the use of trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine and pharmaceutically acceptable
salts thereof, more particularly to the use of
trans-4-{2-[4-(2,3- dichlorophenyl)-piperazin- 1-yl]
-ethyl}-T^N-dimethylcarbamoyl-cyclohexylamine
hydrochloride in the manufacture of a medicament for
the treatment of acute mania. Furthermore, the present
invention relates to a method of treating acute mania
by administering to a patient in need thereof, an
therapeutically effective amount of a compound of
formula (I) and/or geometric isomers and/or
stereoisomers and/or diastereomers and/or salts and/or
hydrates and/or solvates and/or polymorphs thereof as
the active ingredient. Furthermore, the present
invention relates to a method of treating acute mania
by administering to a patient in need thereof,
particularly a therapeutically effective amount of
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,N-dimethylcarbamoylcyclohexylamine or a
pharmaceutically acceptable salt thereof, more
particularly a therapeutically effective amount of
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}- N N-dimethylcarbamoyl-cyclohexylamine
hydrchloride, as active ingredient.The active
ingredient can normally be administered in a daily
dosage regimen (for an adult patient) of, for example,
an oral dose between 0.1 mg and 500 mg, preferably
between 10 mg and 400 mg, e.g. between 10 mg and 250
mg or an intravenous, subcutaneous, or intramuscular
dose of between 0.1 mg and 100 mg, preferably between
0.1 mg and 50 mg, e.g. between 1 and 25 mg. In certain
embodiments, the active ingredient is administered in
an amount of about 0.1 mg, about 0.2 mg, about 0.3 mg,
about 0.4 mg, about 0.5 mg, about 1 mg, about 1.5 mg,
about 2 mg, about 2.5 mg, about 3 mg, about 3.5 mg,
about 4 mg, about 4.5 mg, about 5 mg, about 5.5 mg,
about 6 mg, about 6.5 mg, about 7 mg, about 7.5 mg,
about 8 mg, about 8.5 mg, about 9 mg, about 9.5 mg,
about 10 mg, about 10.5 mg, about 11 mg, about 11.5
mg, or about 12 mg. In yet further embodiments, the
active ingredient is administered in an amount which
ranges between any two of these dosage amounts. For
example, in one embodiment, the active ingredient is
administered in an amount from about 1.5 mg to about
12 mg. In another embodiment, the active ingredient is
administered in an amount from about 0.5 mg to about
12 mg In exemplary embodiments, the active ingredient
is administered in an amount of about 0.5 mg, about
1.0 mg, about 1.5 mg, about 3 mg, about 4.5 mg, about
6 mg, about 9 mg or about 12 mg, for example, in an
amount of about 1.5 mg, about 3 mg, about 6 mg, about
9 mg or about 12 mg. The desired dose may be
administered as one or more daily sub dose(s)
administered at appropriate time intervals throughout
the day, or alternatively, in a single dose, for
example, for morning or evening administration. For
example, the daily dosage may be divided into one,
into two, into three, or into four divided daily
doses. The duration of the treatment may be decades,
years, months, weeks, or days, as long as the benefits
persist. In one embodiment, the present invention
relates to a method of treating acute mania by
administering to a patient in need thereof about 0.5
mg trans-4-{2-[4-(2,3-dichlorophenyl)- piperazin-1-yl]
-ethyl -N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof.In one
embodiment, the present invention relates to a method
of treating acute mania by administering to a patient
in need thereof about 1.0 mg
trans-4-{2-[4-(2,3-dichlorophenyl)- piperazin-l
-ylj-ethyl -N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In one
embodiment, the present invention relates to a method
of treating acute mania by administering to a patient
in need thereof about 1.5 mg
trans-4-{2-[4-(2,3-dichlorophenyl)- piperazin-l
-ylJ-ethyl -N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In another
embodiment, the present invention relates to a method
of treating acute mania by administering to a patient
in need thereof about 3 mg trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin- 1-yl]-ethyl}-N
N-dimethylcarbamoyl-cyclohexylarnine or a
pharmaceutically acceptable salt thereof. In a further
embodiment, the present invention relates to a method
of treating acute mania by administering to a patient
in need thereof about 4.5 mg trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin- 1-yl]-ethyl}-N
N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In yet
another embodiment, the present invention relates to a
method of treating acute mania by administering to a
patient in need thereof about 6 mg trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin- 1-yl]-ethyl} -N
N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In another
embodiment, the present invention relates to a method
of treating acute 



mania by administering to a patient in need thereof
about 9 mg trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin- 1-yl]-ethyl} -N
N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof. In yet
another embodiment, the present invention relates to a
method of treating acute mama by administering to a
patient in need thereof about 12 mg
trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine or a pharmaceutically
acceptable salt thereof.In additional embodiments, the
active ingredient administered is trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylamine hydrochloride. In one
embodiment, the active ingredient is administered in
one or two divided daily doses. hi one embodiment, the
administration of the active ingredient provides
therapeutic effects in the treatment of acute mania
associated with bipolar disorder, e.g., acute mania
associated with bipolar I disorder. The compounds of
formula (I) can be administered alone or as an active
ingredient of a pharmaceutical composition. Numerous
standard references are available that describe
procedures for preparing various formulations suitable
for administering the compounds according to the
invention. Examples of potential formulations and
preparations are contained, for example, in the
Handbook of Pharmaceutical Excipients, American
Pharmaceutical Association (current edition);
Pharmaceutical Dosage Forms: Tablets (Lieberman,
Lachman and Schwartz, editors) current edition,
published by Marcel Dekker, Inc., as well as
Remington's Pharmaceutical Sciences (Arthur Osol,
editor), 1553-1593 (current edition) The mode of
administration and dosage forms is closely related to
the therapeutic amounts of the compounds or
compositions which are desirable and efficacious for
the given treatment application. Suitable dosage forms
include but are not limited to oral, rectal,
sub-lingual, mucosal, nasal, ophthalmic, subcutaneous,
intramuscular, intravenous, transdermal, spinal,
intrathecal, intra-articular, intra-arterial,
sub-arachinoid, bronchial, lymphatic, and
intra-uterille administration, and other dosage forms
for systemic delivery of active ingredients.
Formulations suitable for oral administration are
preferred. To prepare such pharmaceutical dosage
forms, the active ingredient, is intimately admixed
with a pharmaceutical carrier according to
conventional pharmaceuticalcompounding techniques. The
carrier may take a wide variety of forms depending on
the form of preparation desired for administration. In
preparing the compositions in oral dosage form, any of
the usual pharmaceutical media may be employed. Thus,
for liquid oral preparations, such as, for example,
suspensions, elixirs and solutions, suitable carriers
and additives include water, glycols, oils, alcohols,
flavoring agents, preservatives, coloring agents and
the like. For solid oral preparations such as, for
example, powders, capsules and tablets, suitable
carriers and additives include starches, sugars,
diluents, granulating agents, lubricants, binders,
disintegrating agents and the like. Due to their ease
in administration, tablets and capsules represent the
most advantageous oral dosage unit form. If desired,
tablets may be sugar coated or enteric coated by
standard techniques. For parenteral formulations, the
carrier will usually comprise sterile water, though
other ingredients, for example, ingredients that aid
solubility or for preservation, may be included.
Injectable solutions may also be prepared in which
case appropriate stabilizing agents may be employed.
In some applications, it may be advantageous to
utilize the active agent in a "vectorized" form, such
as by encapsulation of the active agent in a liposome
or other encapsulant medium, or by fixation of the
active agent, e.g., by covalent bonding, chelation, or
associative coordination, on a suitable biomolecule,
such as those selected from proteins, lipoproteins,
glycoproteins, and polysaccharides. Treatment methods
of the present invention using formulations suitable
for oral administration may be presented as discrete
units such as capsules, cachets, tablets, or lozenges,
each containing a predetermined amount of the active
ingredient as a powder or granules. Optionally, a
suspension in an aqueous liquor or a non-aqueous
liquid may be employed, such as a syrup, an elixir, an
emulsion, or a draught. A tablet may be made by
compression or molding, or wet granulation, optionally
with one or more accessory ingredients. Compressed
tablets may be prepared by compressing in a suitable
machine, with the active compound being in a
free-flowing form such as a powder or granules which
optionally is mixed with, for example, a binder,
disintegrant, lubricant, inertdiluent, surface active
agent, or discharging agent. Molded tablets comprised
of a mixture of the powdered active compound with a
suitable carrier may be made by molding in a suitable
machine. A syrup may be made by adding the active
compound to a concentrated aqueous solution of a
sugar, for example sucrose, to which may also be added
any accessory ingredient(s). Such accessory
ingredient(s) may include flavorings, suitable
preservative, 



agents to retard crystallization of the sugar, and
agents to increase the solubility of any other
ingredient, such as a polyhydroxy alcohol, for example
glycerol or sorbitol. Formulations suitable for
parenteral administration usually comprise a sterile
aqueous preparation of the active compound, which
preferably is isotonic with the blood of the recipient
(e.g., physiological saline solution). Such
formulations may include suspending agents and
thickening agents and liposomes or other
microparticulate systems which are designed to target
the compound to blood components or one or more
organs. The formulations may be presented in unit-dose
or multi-dose form. Parenteral administration may
comprise any suitable form of systemic delivery or
delivery directly to the CNS. Administration may for
example be intravenous, intra-arterial, intrathecal,
intramuscular, subcutaneous, intramuscular,
intra-abdominal (e.g., intraperitoneal), etc., and may
be effected by infusion pumps (external or
implantable) or any other suitable means appropriate
to the desired administration modality. Nasal and
other mucosal spray formulations (e.g. inhalable
forms) can comprise purified aqueous solutions of the
active compounds with preservative agents and isotonic
agents. Such formulations are preferably adjusted to a
pH and isotonic state compatible with the nasal or
other mucous membranes. Alternatively, they can be in
the form of finely divided solid powders suspended in
a gas carrier. Such formulations may be delivered by
any suitable means or method, e.g., by nebulizer,
atomizer, metered dose inhaler, or the like.
Formulations for rectal administration may be
presented as a suppository with a suitable carrier
such as cocoa butter, hydrogenated fats, or
hydrogenated fatty carboxylic acids.Transdermal
formulations may be prepared by incorporating the
active agent in a thixotropic or gelatinous carrier
such as a cellulosic medium, e.g., methyl cellulose or
hydroxyethyl cellulose, with the resulting formulation
then being packed in a transdermal device adapted to
be secured in dermal contact with the skin of a
wearer. hi addition to the aforementioned ingredients,
formulations of this invention may further include one
or more accessory ingredient(s) selected from
diluents, buffers, flavoring agents, binders,
disintegrants, surface active agents, thickeners,
lubricants, preservatives (including antioxidants),
and the like. The formulations of the present
invention can have immediate release, sustained
release, delayed-onset release or any other release
profile known to one skilled in the art. hi one
embodiment of the present invention,
trans-4-{2-[4-(2,3-dichlorophenyl)- piperazin-l -yl
-ethyl -N N-dimethylcarbamoyl-cyclohexylamine or a
pharmaceutically acceptable salt thereof is
administered as an adjunctive treatment to or in
combination with one or more additional therapeutic
agents. Definitions The term "pharmaceutically
acceptable" means biologically or pharmacologically
compatible for in vivo use in animals or humans, and
preferably means approved by a regulatory agency of
the Federal or a state government or listed in the
U.S. Pharmacopeia or other generally recognized
pharmacopeia for use in animals, and more particularly
in humans. The terms "treat," "treatment," and
"treating" refer to one or more of the following: (a)
relieving or alleviating at least one symptom of a
disorder in a subject, including for example, allergic
and inflammatory disorders, such as asthma and COPD;
(b) relieving or alleviating the intensity and/or
duration of a manifestation of a disorder experienced
by a subject including, but not limited to, those that
are in response to a given stimulus (e.g., pressure,
tissue injury, cold temperature, etc.); (c) arresting,
delaying the onset (i.e., the period prior to clinical
manifestation of a disorder) and/or reducing the risk
of developing or worsening a disorder.An "effective
amount" means the amount of an active ingredient that,
when administered to a patient (e.g., a mammal) for
treating a disease or disorder, is sufficient to
effect such treatment for the disease or disorder, or
an amount that is sufficient for modulating a dopamine
receptor (e.g., the dopamine D2 and/or dopamine D3
receptor) to achieve the objectives of the invention.
The "effective amount" will vary depending on the
compound, the disease and its severity and the age,
weight, responsiveness, etc., of the patient to be
treated. A subject or patient in whom administration
of the therapeutic compound is an effective
therapeutic regimen for a disease or disorder is
preferably a human, but can be any animal, including a
laboratory animal in the context of a trial or
screening or activity experiment. Thus, as can be
readily appreciated by one of ordinary skill in the
art, the methods, compounds and compositions of the
present invention are particularly suited to
administration to any animal, particularly a mammal,
and including, but by no means limited to, humans,
domestic animals, such as feline or canine subjects,
farm animals, such as but not limited to bovine,
equine, caprine, ovine, and porcine subjects, wild
animals (whether in the wild or in a zoological
garden), research animals, such as mice, rats,
rabbits, goats, sheep, pigs, dogs, cats, etc., avian
species, such as chickens, turkeys, songbirds, etc.,
i.e., for veterinary medical use. The term "about" or
"approximately" means within an acceptable error range
for the particular value as determined by one of
ordinary skill in the art, which will depend in part
on 



how the value is measured or determined, i.e., the
limitations of the measurement system. For example,
"about" can mean within 1 or more than 1 standard
deviations, per practice in the art. Alternatively,
"about" with respect to the compositions can mean plus
or minus a range of up to 20%, preferably up to 10%,
more preferably up to 5%. EXAMPLES The following
example is merely illustrative of the present
invention and should not be construed as limiting the
scope of the invention in any way as many variations
and equivalents that are encompassed by the present
invention will become apparent to those skilled in the
art upon reading the present disclosure.EXAMPLE 1 This
clinical study will be conducted as a multicenter,
randomized, double-blind, placebo-controlled,
parallel-group, flexible-dose study. A total of
approximately 240 inpatients patients will be selected
who meet criteria that include: 1. Men and women 18 to
65 years of age at Visit 1 2. Patients must meet
DSM-IV-TR criteria for bipolar I disorder (confirmed
by the administration of the Structured Clinical
Interview (SCID)), acute manic or mixed episode type
with or without psychotic symptoms. Comorbid diagnoses
such as conduct disorder, obsessive-compulsive
disorder, anxiety disorders, and substance abuse are
allowed 3. Patients must have a YMRS total score > 20
at Visit 1 and Visit 2 and a score of at least 4 on
two of the following YMRS items: Irritability, Speech,
Content, and Disruptive/Aggressive Behavior This study
will be 5 weeks in duration; 3-weeks of double-blind
treatment and 2- weeks of safety follow-up. Patients
will start hospitalization during the screening phase.
A no-drug washout period of up to 4 days will precede
randomization. Following the washout period, patients
who continue to meet all eligibility criteria will be
assigned a randomization number at Visit 2 and
dispensed the corresponding blister pack of
double-blind study medication for Week 1 of
double-blind treatment. The study design is shown on
Figure 1.Following the completion of 3 weeks of
double-blind treatment or premature discontinuation
during the double-blind phase, patients will be
followed up for safety assessments for an additional 2
weeks. During this period, patients will receive
treatment as usual (TAU) at the discretion of the
Investigator. Dosin2 Regimen All patients meeting the
eligibility criteria will be randomized (1:1 ratio)
into one of two treatment groups: (I) placebo, (II)
3.0 - 12.0 mg
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,Ndimethylcarbamoyl- cyclohexylamine
hydrochloride. Patients will be supplied with
identically appearing capsules containing 1.5 mg or
3.0 mg, of
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,N-dimethylcarbamoylcyclohexylamine hydrochloride
or placebo. All study medication will be dispensed in
blister packs, one for each week. Each card will
contain 40 capsules arranged in 10 columns and 4 rows,
adequate for the 7 days of the week plus 3 extra days.
The configuration of the blister pack is provided in
Table 1. AU study drugs will be administered as a
single daily dose at bedtime. The dosing can be
switched to morning if there are tolerability
problems; however, any switch must allow at least 24
hours between two consecutive doses.Table 1:
Double-Blind Study Dosing Regimen On day 0 and day 1,
all patients will be administered one capsule from Row
1 of the blister pack. On day 2, the dose can be
increased to two capsules (Rows 1 and 2), if response
is not adequate and there are no tolerability
problems. On day 3, the dose can be increased by one
capsule to three capsules (Rows 1, 2, and 3) depending
on response and tolerability. Starting on day 4, the
dose can be increased by one capsule to a maximum of 4
capsules (Rows 1, 2, 3 and 4) depending on the
response and tolerability. Any dose increases will be
made in increments of one capsule. Following a dose
increase, if there are any tolerability problems, the
dose can be decreased at any time to the prior level
by eliminating the last row. For example, Row 4 can be
eliminated if the patient was on four capsules; Row 3
can be eliminated if the patient was on three
capsules; Row 2 can be eliminated if the patient was
on two capsules. Any decreases in the dosing regimen
will be carried out in decrements of one capsule.
Alternatively, the dose can be skipped for 1 to 2 days
if there are tolerability problems. However, frequent
switching will not be allowed. Patient Evaluations The
patient evaluation schedule is shown in Table 2.Table
2: Evaluation Schedule 1: Early discharge procedures
will be performed on Day 14 (Visit 7) or any day
before day 21 (Visit 8). If criteria are met, the
patient will discharge and complete the remained of
the study as an outpatient 2: Performed for all
patients including those prematurely discontinued
after randomization (Visit T). 3: Clinical findings
upon termination will be foliowed-up until the
condition returns to pretrial status or can be
explained as unrelated to study medication. If
necessary, a follow-up visit will be scheduled. The
descriptions of the procedures to be performed at each
visit are provided below. 



Visits 8, 9 and 10 may be conducted up to 3 days
before or after the scheduled visit. Screening (Visit
1) A review of inclusion/exclusion criteria will be
conducted to determine the patient's eligibility for
enrollment. Study procedures will be reviewed with the
patient, and documentation of informed consent will be
obtained. Upon signing the informed consent form,
patients will be assigned a unique PID in sequential
order. Medical and surgical, neurological, and
psychiatric histories Obtain prior and concomitant
medication history Physical examination (to be
performed by a study physician) Assess vital-signs
(temperature, height, weight, blood pressure
(including orthostatic value), and radial pulse
(including orthostatic value) Peform 12-lead ECG
Collect blood and urine samples for clinical
laboratory determinations (hematology, fasting serum
chemistry, urinalysis, prolactin, HbAic, TSH, Free-T4,
b-HCG [pregnancy test in women of childbearing
potential]) Collect blood sample for concentration of
lithium (for patients taking lithium prior to
Screening) Collect urine sample for drug screen
Collect sample for blood alcohol level Conduct SCID
interview Administer YMRS, CGI-S, and MADRS Review
inclusion/exclusion criteria Record prior and
concomitant medications Determine washout eligibility
and durationA washout period of up to 4 days may be
required for patients who are receiving or are
suspected of having received any prohibited
medications. A 3-day washout period will also be
required for patients who have been intoxicated with
alcohol or who have tested positive for
tetrahydrocannabinol/cannaboids. A 4-day washout
period will be required for patients who have taken or
are suspected of taking other illicit drugs. Baseline
(Visit 2) This visit is to be conducted within 4 days
after Visit 1. The inclusion/exclusion criteria will
be reviewed; and, if the patient is eligible to enter
the study, a randomization number will be assigned.
Study procedures will then be reviewed with the
patient.  Assess vital-signs (temperature, weight,
blood pressure (including orthostatic value), and
radial pulse (including orthostatic value)  Establish
that benzodiazepines have not been taken by the
patient for at least 8 hours before behavioral
assessment  Administer YMRS, CGI-S, Positive and
Negative Syndrome Scale (PANSS), and MADRS  Administer
BARS, AIMS, and SAS  Review inclusion/exclusion
criteria  Review of AEs since the last visit  Record
concomitant medications  Assign randomization number
if the patient meets eligibility criteria  Dispense
double-blind study medication Visits 3-7  Assess
vital-signs (temperature, weight, blood pressure
(including orthostatic value), and radial pulse
(including orthostatic value)  Collect blood and urine
samples for clinical laboratory determinations
(hematology, fasting serum chemistry, and urinalysis
will be collected at Visit 6 only)  Perform 12-lead
ECG (at Visit 6 only)  Administer YMRS, CGI-S, and
CGI-I  Administer MADRS (at Visits 5 and 7 only)
Administer PANSS (at Visit 7 only)  Administer BARS,
AIMS, and SAS  Review of AEs since the last visit
Record concomitant medications  Collect all unused
double-blind study medication dispensed at previous
visit (Visit 5, 7 and 8 only)  Dispense study
medication (Visit 5 and 7 only)Visit 8 or Early
Termination  Physical examination (to be conducted by
a study physician)  Assess vital-signs (temperature,
weight, blood pressure [including orthostatic value !,
and radial pulse [including orthostatic value])
Collect urine drug screen (only for outpatients
discharged between Visits 7 and 8)  Perform 12-lead
ECG  Collect blood and urine samples for clinical
laboratory determinations (hematology, fasting serum
chemistry, urinalysis, prolactin, TSH, free T4) and a
b-HCG pregnancy test 



in women of childbearing potential  Administer YMRS,
CGI-I, and CGI-S  Administer MADRS and PANSS
Administer BARS, AIMS, and SAS  Review of AEs since
the last visit  Record concomitant medications
Collect all unused double-blind study medication
dispensed at previous visit Visits 9 and 10 Before
each patient is released from the study, either at the
conclusion of the study or upon premature termination,
he or she will be cross-titrated and stabilized on an
appropriate medication as deemed necessary by the
Investigator. Two safety follow-up visits, Visits 9
and 10, will be scheduled for all patients
approximately 7 and 14 days after the last dose of
study medication. The following evaluations will be
performed:  Assess vital-signs (temperature, weight,
blood pressure (including orthostatic value)  Review
of AEs since the last visit  Record concomitant
medications Other evaluations, such as laboratory
assessments, UDS, and ECG, will only be repeated at
these visits if there was an abnormal finding obtained
at the most recent evaluation or if additional
information is clinically necessary to appropriately
follow up and manage an adverse experience. Any
clinical findings obtained in the final assessments
performed at Visit 10 or at premature discontinuation
for any reason, including clinically significant
laboratoryabnormalities, will be followed until the
condition returns to pre-study status or can be
explained as being unrelated to study medication. A
follow-up visit, if one is necessary, will be
scheduled within 30 days of termination. Efficacy
Measurements Primary Efficacy Assessment Young Mania
Rating Scale (YMRS) The YMRS (see, e.g., Young et al,
Br. J. Psychiatry, 133, 429-35, 1978) is an 11-item
scale that assesses manic symptoms based on the
patient's perception of his or her condition over the
previous 48 hours, as well as the physician's clinical
observations during the interview. The 11 items are
elevated mood, increased motor activity-energy, sexual
interest, sleep, irritability, rate and amount of
speech, language-thought disorder, content,
disruptiveaggressive behavior, appearance, and
insight. The severity of the abnormality is rated on a
five-point (0-4) or nine-point (0-8) scale; scoring
between listed points is encouraged. Possible scores
range from 0 to 60. This scale will be administered by
a trained rater with expertise in evaluating manic
patients. Assessments and ratings should be made by
the same rater at approximately the same time of day.
Secondary Efficacy Assessment Clinical Global
Impressions-Severity (CGI-S) The CGI-S (see, e.g., Guy
ECDEU Assessment Manual for Psychopharmacology.
Rockville, Md: US Department of Health, Education, and
Welfare, 218-22, 1976. Publication ADM 76-338) is a
seven-point scale that measures the overall severity
of the illness in comparison to the severity of other
patients the physician has observed. For patients
discharged between Day 14 through Day 21, a CGI-S is
required to be conducted within 24 hours prior to
discharge from the hospital. This assessment will be
made by a psychiatrist.Additional Efficacy Assessments
Clinical Global Impressions-Improvement (CGI-I) The
Clinical Global Impressions-Improvement (CGI-I) (see,
e.g., Guy ECDEU Assessment Manual for
Psychopharmacology. Rockville, Md: US Department of
Health, Education, and Welfare, 218-22, 1976.
Publication ADM 76-338) is a seven-point scale that
measures the change from Baseline (Visit 2) in the
overall severity of illness for the individual
patient. The CGI-I will be assessed by a psychiatrist.
Montgomery-Asberg Depression Rating Scale (MADRS) The
MADRS (see e.g., Montgomery and Asberg, Br. J.
Psychiatry, 134, 382-9, 1979) is a clinician-rated
scale that evaluates the patient's depressive
symptomatology during the past week. Patients are to
be rated on 10 items assessing feelings of sadness,
lassitude, pessimism, inner tension, suicidality,
reduced sleep or appetite, difficulty in
concentration, and lack of interest. Each item will be
scored on a seven-point scale with a score of 0
reflecting no symptoms and a score of 6 reflecting
symptoms of maximum severity. This scale will be
administered by a trained rater with adequate
experience in the assessment of the patient's
depressive symptomology. Positive and Negative
Syndrome Scale (PANSS) The PANSS (see, e.g., Kay et
al. Schizophr. Bull, 13, 261-76, 1987) is a 30-item
rating scale that was specifically developed to assess
both the positive and negative symptom syndromes of
patients with schizophrenia. The PANSS Total Score is
rated based on a structured clinical interview with
the patient and supporting clinical information
obtained from family, hospital staff, or other
reliable informants. Each item is scored on a
seven-point 



(1-7) continuum and provides scores in nine clinical
domains, including a positive syndrome, a negative
syndrome, depression, a composite index, and general
psychopathology._This scale will be administered by a
trained, experienced psychiatric rater with expertise
in the assessment of patients with bipolar disorder
and schizophrenia. It is anticipated that the
aforementioned treatment regime with
trans-4-{2-[4-(2,3-
dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dimethylcar
bamoyl-cyclohexylaminehydrochloride will show
significant surprising effectiveness in the treatment
of acute mania, e.g., acute mania associated with
bipolar I disorder, when compared to patients treated
with placebo. The present invention is not to be
limited in scope by the specific embodiments described
herein. Indeed, various modifications of the invention
in addition to those described herein will become
apparent to those skilled in the art from the
foregoing description and the accompanying figures.
Such modifications are intended to fall within the
scope of the appended claims. It is further to be
understood that all values are approximate, and are
provided for description. The entire disclosures of
all applications, patents and publications, cited
above and below, are hereby incorporated by reference
in their entirety.Claims: 1. A method of treating
acute mania comprising administering to a patient in
need thereof a therapeutically effective amount of a
(thio)-carbamoyl-cyclohexane derivative of formula(I)
(I) wherein R1 and R2 are each, independently
hydrogen, alkyl, alkenyl, aryl, cycloalkyl, aroyl, or
R1 and R2 form a heterocyclic ring with the adjacent
nitrogen atom; X is O or S; n is 1 or 2; and/or
geometric isomers and/or stereoisomers and/or
diastereomers and/or salts and/or hydrates and/or
solvates and/or polymorphs thereof. 2. The method
according to claim 1, wherein the compound of formula
(I) is trans-4-{2-
[4-(2,3-dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dim
ethylcarbamoylcyclohexylamine and/or salts and/or
hydrates and/or solvates and/or polymorphs thereof. 3.
The method according to claim 1, wherein the compound
of formula (I) is trans-4-{2-
[4-(2,3-dichlorophenyl)-piperazin-l-yl]-ethyl}-N,N-dim
ethylcarbamoylcyclohexylamine hydrochloride and/or
hydrates and/or solvates and/or polymorphs thereof. 4.
The method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 0.1 to 12 mg. 5. The method
according to claim 4 wherein the therapeutically
effective amount of a compound of formula (I) is about
0.5 mg.6. The method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 1.0 mg. 7. The method according
to claim 4 wherein the therapeutically effective
amount of a compound of formula (I) is about 1.5 mg.
8. The method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 3 mg. 9. The method according to
claim 4 wherein the therapeutically effective amount
of a compound of formula (I) is about 4.5 mg. 10. The
method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 6 mg. 11. The method according to
claim 4 wherein the therapeutically effective amount
of a compound of formula (I) is about 9 mg. 12. The
method according to claim 4 wherein the
therapeutically effective amount of a compound of
formula (I) is about 12 mg. 13. The method according
to any one of claims 4-12, wherein a compound of
formula (I) is administered in one, two, three or four
divided daily doses. 14. The method according to any
one of claims 4-13, wherein acute mania is associated
with bipolar disorder. 15. The method according to
claim 14, wherein the bipolar disorder is bipolar I
disorder. 16. The method according to claim 14,
wherein the bipolar disorder is bipolar II disorder.
17. The method according to claim 14, wherein the
bipolar disorder is cyclothymic disorder. 18. The
method according to any one of claims 4-13, wherein
acute mania is associated with acute manic and mixed
episodes. 19. The use of (thio)-carbamoyl-cyclohexane
derivatives of formula (I)(I) wherein R1 and R2 are
each, independently hydrogen, alkyl, alkenyl, aryl,
cycloalkyl, aroyl, or Ri and R2 form a heterocyclic
ring with the adjacent nitrogen atom; 



X is O or S; n is 1 or 2; and/or geometric isomers
and/or stereoisomers and/or diastereomers and/or salts
and/or hydrates and/or solvates and/or polymorphs
thereof in a therapeutical effective amount in the
manufacture of a medicament for the treatment of acute
mania. 20. The use according to claim 19 characterized
by that the compound of formula (I) is
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-l-yl]-eth
yl}-N,N-dimethylcarbamoylcyclohexylamine and/or salts
and/or hydrates and/or solvates and/or polymorphs
thereof. 21. The use according to claim 19
characterized by that the compound of formula (I) is
trans-4- {2-[4-(2,3-dichlorophenyl)-piperazin- 1-yl]
-ethyl}-N,N-dimethylcarbamoylcyclohexylamine
hydrochloride and/or hydrates and/or solvates and/or
polymorphs thereof. 22. The use according to any one
of the claims 19-21 characterized by that the
therapeutically effective amount of a compound of
formula (I) is about 0.1 to 12 mg. 23. The use
according to claim 22 characterized by that the
therapeutically effective amount of a compound of
formula (I) is about 0.5 mg. 24. The use according to
claim 22 characterized by that the therapeutically
effective amount of a compound of formula (I) is about
1.0 mg.25. The use according to claim 22 characterized
by that the therapeutically effective amount of a
compound of formula (I) is about 1.5 mg. 26. The use
according to claim 22 characterized by that the
therapeutically effective amount of a compound of
formula (I) is about 3.0 mg. 27. The use according to
claim 22 characterized by that the therapeutically
effective amount of a compound of formula (I) is about
4.5 mg. 28. The use according to claim 22
characterized by that the therapeutically effective
amount of a compound of formula (I) is about 6 mg. 29.
The use according to claim 22 characterized by that
the therapeutically effective amount of a compound of
formula (I) is about 9 mg. 30. The use according to
claim 22 characterized by that the therapeutically
effective amount of a compound of formula (I) is about
12 mg. 31. The use according to any one of claims
22-30 characterized by that the therapeutically
effective amount of a compound of formula (I) is
divided into one, two, three or four daily doses. 32.
The use according to any one of claims 22-3 1
characterized by that acute mania is associated with
bipolar disorder. 33. The use according to claim 32
characterized by that the bipolar disorder is bipolar
I disorder. 34. The use according to claim 32
characterized by that the bipolar disorder is bipolar
II disorder. 35. The use according to claim 32
characterized by that the bipolar disorder is
cyclothymic disorder. 36. The use according to any one
of claims 22-3 1 characterized by that the acute mania
is associated with acute manic and mixed episodes. 


