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TRANSGENIC ANIMALS EXPRESSING HUMAN 
P25 

TECHNICAL FIELD 

0001. The invention provides transgenic, non-human ani 
mals and transgenic non-human mammalian cells harboring 
a transgene encoding a p25 polypeptide, an activator of the 
protein kinase cdkS. The invention also provides non-human 
animals and cells comprising a transgene encoding a p25 
polypeptide and further comprising functional overexpres 
Sion of p25, the p25 transgene and targeting constructs used 
to produce Such transgenic cells and animals, transgenes 
encoding human p25 polypeptide Sequences and methods 
for using the transgenic animals in pharmaceutical Screening 
and as commercial research animals for modeling neurode 
generative disease Such as Alzheimer's disease and p25/ 
cdk5 biochemistry in vivo. 

BACKGROUND OF THE INVENTION 

0002 Throughout the specification, a number of publi 
cations are cited. These publications are incorporated by 
reference in their entirety. A complete listing of the publi 
cations appears later in the Specification. 
0003) Alzheimer's disease (AD) is a progressive, neuro 
degenerative disorder characterized by loSS of cognitive 
function. The primary neuropathological lesions in AD are 
amyloid plaques and neurofibrillary tangles (NFTS). Amy 
loid plaques are composed primarily of amyloid beta (Ab) 
peptides, varying in length from 39-42 amino acids, which 
are derived from amyloid precursor protein (APP) (reviewed 
in 1). NFTs are composed of the microtubule binding protein 
tau that is hyperphosphorylated at epitopes which exist in a 
predominantly unphosphorylated State in disease-free brain 
(2-4). The respective roles that these lesions play in the 
neuronal loSS and dementia observed in patients with AD 
remain controversial. 

0004. The precise mechanism of NFT formation is not 
clear but work from many laboratories Suggests that hyper 
phosphorylation of tau may be an important event. The 
paired helical filament (PHF) is the fundamental unit of the 
NFT. Hyperphosporylation of tau at serine or threonine 
residues followed by proline (SP or TP), epitopes which are 
concentrated at the amino and carboxy termini of tau, results 
in loSS of affinity for microtubules, and a presumed conco 
mittant increase in the concentration of cytoplasmic tau 
(5-8). However, phosphorylation of tau at serine 262, which 
is not followed by proline, can also reduce the affinity of tau 
for microtubules (9). In vitro experiments with purified tau 
show that in the presence of endogenous cations (e.g., 
mRNA, heparin Sulfate proteoglycan), tau polymerizes to 
form structures indistinguishable from the PHF seen in AD 
brain (10,11). The cation-dependent formation of PHF in 
Vitro is independent of the phosphorylation State of tau, 
Suggesting that the key permissive event in initiating PHF 
formation may be an increase in the cytoplasmic concen 
tration of tau. In Support of this hypothesis, recent evidence 
(12-14) indicates that the mutations in the taugene associ 
ated with susceptibility to a form of inherited dementia 
called frontotemporal dementia and Parkinsonism linked to 
chromosome 17 (FTDP-17), reduce the affinity of tau for 
microtubules (15). Therefore these mutations, like hyper 
phosphorylation, may result in an increase in cytoplasmic 
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tau concentrations. In the presence of endogenous cations, 
this increase is presumed to permit PHF formation followed 
by NFT assembly and, ultimately, neuronal death. 
0005. As with other phosphoproteins, the phosphoryla 
tion State of tau is the Sum of protein kinase and protein 
phosphatase activity. Thus hyperphosphorylation of tau in 
AD may be due to an increase in kinase activity or a decrease 
in phosphatase activity. While many protein kinases phos 
phorylate tau at AD-relevant epitopes in vitro (reviewed in 
16,17), only two have been co-purified with microtubules 
from mammalian brain, GSK3b and cdk5 (18). To our 
knowledge, only these two kinases will phosphorylate tau 
when transfected heterologously into mammalian cells (19, 
24). We chose to focus on cdk5 vs. GSK3b as the latter plays 
a role in energy metabolism and is expressed in an active 
form in all cells, while cdk5 is only active in neurons (vide 
infra). 
0006 The kinase cdk5 is a member of the cyclin-depen 
dent protein kinase family and is expressed in nearly all cells 
(reviewed in 25.26). Unlike other members of the cdk 
family, there is no known cyclin which activates cdk5. 
Rather, the positive allosteric regulators of cdk5 are p35 
(27), amino terminal proteolytic fragments of p35, e.g., p25, 
p23 or p21 (28.29) and p39 (30). These proteins share 
minimal amino acid sequence homology to cyclins (27-29) 
but computer modeling and biochemical experiments Sug 
gests that the mechanism of activation of cdk5 by p25/35 
may be similar to that of cyclin Aactivation of cdk2 (31-33). 
The protein p25/35 is expressed predominantly in neurons 
implying that most cdk5 activity is concentrated in neuronal 
structures (27.28). The protein p35 has a relatively short half 
life within cells and is rapidly ubiquitinated, Suggesting tight 
regulation of cdk5 activity in neurons (34). The kinase cdk5 
plays a pivotal role in neuronal development as evidenced 
by the abnormal corticogenesis and perinatal lethality of 
cdk5 knockout mice (35) and the disturbances in neuronal 
migration and early death in p35 knock-out mice (36). In 
developmental Studies in rodents, the peak catalytic activity 
of cdk5 occurs at E11 or 12, lending further support for the 
role of cdk5 in neurogenesis (37.38). Furthermore, in pri 
mary cultured neurons, cdkiS/p35 is localized to growth 
cones Suggesting a role in neurite outgrowth (39). Recently, 
evidence of Signaling pathways which may modulate cdkS 
activity have emerged. For example, it has been demon 
strated that cdk5/p35 interacts with Rac and modulates PAK 
activity (40), and that laminin-enhanced outgrowth of cer 
ebellar neurons is disrupted by Suppression of p35 expres 
sion (41). A few substrates for cdk5 have been identified and 
are consistent with the presumed role in neurite outgrowth 
and plasma membrane dynamics. These include cytoskeletal 
proteins Such as tau (42-45) and neurofilament (46-48), 
Synaptic vesicle proteins Such as Synapsin and Munc-18 
(49.50) and the retinoblastoma protein (51). Nevertheless, 
neither a clear picture of a signal transduction pathway(s) 
which regulates cdk5/p35 activity nor the role of both 
cdk5/p35 in mature brain have been elucidated. 
0007. A clear picture of the protein kinases responsible 
for the hyperphosphorylation of tau in AD is also lacking. 
However, evidence that cak5 may a play a pathological role 
is accumulating. For example, in in vitro Studies, cdkiS will 
phosphorylate up to eight different epitopes of tau, including 
those associated with AD and known to decrease the affinity 
of tau for microtubules (42-45). Additionally, heterologous 
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co-transfection of cdkiS/p25 with tau into mammalian cells 
also results in phosphorylation of Several of these epitopes 
(24). Finally, immunohistochemical evidence Suggests that 
cdk5 is proximal to NFTs in AD brain (52.53). 
0008. The development of experimental models of 
Alzheimer's disease that can be used to define further the 
underlying biochemical events involved in AD pathogenesis 
would be highly desirable. Such models could be employed, 
in one application, to Screen for agents that alter the degen 
erative course of AD. For example, a model system of AD 
could be used to Screen for environmental factors that induce 
or accelerate the pathogenesis of AD. Alternatively, an 
experimental model could be used to Screen for agents that 
inhibit, prevent, or reverse the progression of AD. Such 
models could be employed to develop pharmaceuticals that 
are effective in preventing, arresting or reversing AD. Only 
humans and aged non-human primates develop any of the 
pathological features of AD. The expense and difficulty of 
using primates and the length of time required for develop 
ing the AD pathology makes extensive research on Such 
animals prohibitive. Rodents do not develop AD, even at an 
extreme age. Despite various reports that certain treatments 
result in hyperphosphorylation of tau and/or neuronal death 
asSociated with the phosphorylation of tau, there is a need in 
the art for transgenic non-human animals which can produce 
hyperphosphorylation of tau and associated neuronal death. 

0009 Based on the above, it is clear that a need exists for 
nonhuman cells and nonhuman animals which produce 
hyperphosphorylation of tau and neuronal cell death. Thus, 
it is an object of the invention herein to provide methods and 
compositions for transferring transgenes and homologous 
recombination constructs into mammalian cells, especially 
into embryonic Stem cells. It is also an object of the 
invention to provide transgenic non-human cells and trans 
genic nonhuman animals harboring transgenes resulting in 
the increased expression of p25, an activator of cdk5. Of 
further interest to the present invention are the application of 
Such transgenic animals as in Vivo Systems for Screening test 
compounds for the ability to inhibit or prevent the produc 
tion of hyperphosphorylated tau and associated neuronal 
death. It is desirable to provide methods and systems for 
Screening test compounds for the ability to inhibit or prevent 
the phosphorylation of tau and associated neuronal death. In 
particular, it is be desirable to base Such methods and 
systems on inhibition of cdk5/p25, where the test compound 
blocks phosphorylation of tau mediated by cdk5/p25, the 
test compound also blockS neuronal death. Such methods 
and transgenic animals should provide a rapid, economical 
and Suitable way for Screening large numbers of test com 
pounds. 

0.010 We overexpressed human p25 in the brains of mice 
to determine if an increase in cdkiS activity would result in 
the hyperphosphorylation of tau at AD-relevant epitopes, 
and if this hyperphosphorylation would lead to neuronal 
death. In the brains of p25 transgenic mice, both tau and 
neurofilament are hyperphosphorylated, and many Silver 
positive neurons with tangle-like inclusions are present. The 
Silver-positive neurons Suggest ongoing neuronal death. 
These results demonstrate that overexpression of an activa 
tor of cdkiS is Sufficient to produce tau and neurofilament 
phosphorylation and Silver-positive neurons which are very 
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Similar to those Seen in AD. The p25 transgenic mouse may 
Serve as a model for the neurofibrillary pathology and 
neuronal death Seen in AD. 

SUMMARY OF THE INVENTION 

0011. In one embodiment, the present invention is 
directed to recombinant DNA comprising a rat neuron 
Specific enolase promoter operably linked to a p25 encoding 
Sequence of the human cdki5 gene encoding Sequence. 
0012. In a preferred embodiment, the present invention is 
directed to recombinant DNA wherein Said Sequence encod 
ing Said p25 fragment is genomic DNA. 
0013 In another preferred embodiment, the present 
invention is directed to recombinant DNA wherein said 
Sequence encoding Said p25 fragment is cDNA. 
0014. In still another preferred embodiment, the present 
invention is directed to recombinant DNA wherein said 
sequence is that of SEQ ID NO: 4 
0015. In yet another embodiment, the present invention is 
directed to a vector comprising recombinant DNA according 
to the present invention. 
0016. In another embodiment, the present invention is 
directed to eukaryotic cell lines comprising recombinant 
DNA according to the present invention. 
0017. In another embodiment, the present invention is 
directed to a transgenic non-human animal, or progeny 
thereof, whose germ cells and Somatic cells express recom 
binant DNA according to the present invention. 
0018. In a preferred embodiment, the present invention is 
directed to a transgenic non-human animal, or progeny 
thereof, which is a mouse. 
0019. In a further embodiment, the present invention is 
directed to a method for treating an animal having a disease 
characterized by the expression of a p25 fragment of a 
human cdk5 gene comprising administering a therapeuti 
cally effective amount of an inhibitor of said p25 fragment. 
0020. In another embodiment, the present invention is 
directed to a method for determining the ability of a com 
pound to inhibit the expression of a p25 fragment of a human 
cdkiS gene comprising the Steps of: 

0021 a. creating a transgenic non-human animal by 
Stably incorporating into the embryonic Stem cells of 
said animal the recombinant DNA of claim 1, 

0022 b. growing said embryonic stem cells into a 
mature transgenic non human animal; 

0023 c. administering to said transgenic non-human 
animal the compound of interest; 

0024 d. measuring the inhibition of said p25 frag 
ment by Said compound. 

0025. In still another embodiment, the present invention 
is directed to a method for generating data to determining the 
ability of a compound to inhibit the expression of a p25 
fragment of a human cdkS gene comprising the Steps of 

0026 a. creating a transgenic non-human animal by 
Stably incorporating into the embryonic Stem cells of 
said animal the recombinant DNA of claim 1, 
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0027 b. growing said embryonic stem cells into a 
mature transgenic non human animal; 

0028 c. administering to said transgenic non-human 
animal the compound of interest; 

0029 d. measuring the inhibition of said p25 frag 
ment by Said compound. 

0030) e. using the data derived from said inhibition 
to Synthesize compounds capable of inhibiting Said 
p25 fragment. 

BRIEF DESCRIPTION OF THE FIGURES 

0031 FIG. 1A. Western blots of the amygdala (1), thala 
mus (2) and cortex (3) from 3 wild type mice were probed 
with an antibody specific for p25 and p35/39 (generous gift 
of L.-H. Tsai, Harvard Medical School Cambridge, Mass.). 
0032 FIG. 1B, Western blots of the amygdala (1), thala 
mus (2) and cortex (3) from 3 p25 transgenic mice were 
probed with the same antibody as in FIG. 1A. 
0.033 Expression of the transgene, p25, is apparent in the 
transgenic but not wild type mice. 
0034 FIG. 2 displays a four month old transgenic mouse 
brain immunopositive for AT-8 (a commercially available 
antibody which specifically recognizes phopho-Serine 202/ 
205 of tau) specific in the rostral portion of the amygdala. 
Neuronal cell bodies with accompanying axons (arrows) are 
positive. Several dark-brown positive cells are seen in this 
field. 

0035 FIG. 3 shows a four month old wild-type mouse 
brain minimally positive for AT-8 in the rostral portion of the 
amygdala. A cell body exhibits non-Specific positivity 
(arrow) due to the Secondary antibody. 
0.036 FIG. 4 shows a four month old transgenic mouse 
brain demonstrating PHF-13 (an antibody which recognizes 
phospho-serine 396/404 of tau; (gift from Dr. V. Lee, U. of 
Pennsylvania) immunopositivity in the rostral portion of the 
amygdala. Neuronal cell body with a thickened axon (arrow) 
is positive. Positive neuronal cell body (arrow head) with 
possible Swollen/atrophied axon. 

0037 FIG. 5 shows a four month old wild-type mouse 
brain minimally positive for PHF-13 in the rostral portion of 
the amygdala. Cell bodies exhibit non-specific positivity 
(arrows) due to the Secondary antibody. 
0.038 FIG. 6 shows a four month old transgenic mouse 
brain immunopositive for total tau (an antibody which 
recongnizes total tau commercially available from Accurate 
Chemical and Scientific Corp Westbury, N.Y.) in several cell 
bodies of the rostral amygdala (examples marked by 
arrows). 
0039 FIG. 7 shows a four month old wild-type mouse 
brain immunopositive for tau in axons (arrow heads) of the 
rostral amygdala. 

0040 FIG. 8 shows a four month old transgenic mouse 
brain reacted with SMI-34 (a commercially available anti 
body which recognizes phosphorylated neurofilament H 
protein). Positive cells (arrows) are seen in the rostral 
amygdala. 
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0041 FIG. 9 shows minimal SMI-34 axonal positivity in 
the rostral amygdala of a four month old wild-type mouse 
brain. 

0042 FIG. 10 shows silver-positive (an indication of 
disrupted cytoskeleton and neuronal cell death) cell bodies 
(arrows) in the rostral amygdala of a four month old trans 
genic mouse brain. 
0043 FIG. 11 shows minimal silver positivity of axons 
in the rostral amygdala of a four month old wild type mouse. 
0044 FIG. 12 shows several dilated axons (arrows) that 
exhibit silver positivity in the spinal cord of a five month old 
transgenic mouse. 

0.045 FIG. 13 shows several dilated axons (arrows) that 
exhibit SMI-34 positivity in the spinal cord of a five month 
old transgenic mouse. 
0046 FIG. 14 shows that normal axons in the spinal cord 
of a six month old wild-type mouse are negative for SMI-34. 

DETAILED DESCRIPTION 

0047 Generally, the nomenclature used herein and the 
laboratory procedures in cell culture, molecular genetics, 
nucleic acid chemistry and hybridization, biochemistry, his 
tology and immunocytochemistry described below are those 
well known and commonly described in the art. Standard 
techniques are used for recombinant nucleic acid methods, 
polynucleotide Synthesis, cell culture, transgene incorpora 
tion, Western blotting, immunocytochemistry and histologi 
cal techniques Such as Silver staining. The techniques and 
procedures are generally performed according to conven 
tional methods in the art and various general references 
which are provided throughout this specification. The pro 
cedures therein are well known in the art and are provided 
for the convenience of the reader. All the information 
contained therein is incorporated herein by reference. 
0048. In accordance with the foregoing objects, in one 
aspect of the invention are provided nonhuman animals 
harboring at least one copy of a transgene comprising a 
polynucleotide Sequence that encodes a heterologous protein 
operably linked to regulatory elements that are capable of 
expressing the heterologous protein in the transgenic non 
human animal. Said heterologous polypeptide is a truncated 
portion of the p35 cyclin dependent kinase 5 (cdkS) regu 
latory protein (27.28). The truncated heterologous polypep 
tide has the first 98 N-terminal amino acids removed and has 
a molecular weight of approximately 25,000 daltons. This 
novel polypeptide will be referred to as p25. Typically, the 
nonhuman transgenic animal is a mouse and the heterolo 
gous gene is the human p25 Sequence. Transgenes are 
typically cDNA sequences that have been operably linked to 
cis-acting regulatory Sequences that direct expression in the 
host transgenic mammal in cell-type specific manner, typi 
cally in neurons. Typically, the transgene will be incorpo 
rated into the host chromosomes in random, non-targeted 
fashion. The invention further provides that the nonhuman, 
transgenic animal harboring at least one copy of the heter 
ologous p25 Sequence transgene or gene targeting Vector of 
the invention either non-homologously or homologously 
integrated into the chromosomal location express the p25 
truncated polypeptide. Transgenic animals are typically pro 
duced by introduction of a transgene by microinjection into 
pronuclei of one-cell embryos or a targeting vector into the 
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host by electroporation, lipofection, or viral transfection of 
embryonic stem (ES) cells. The transgenic animals that 
express the p25 polypeptide are Suitable for use as models of 
disease and Screening of potential therapeutic compounds 
including Small molecules, proteins and polynucleotides. 
The invention also provides nonhuman or human cell lines 
to be derived by transformation of established cell lines or 
primary cell lines established directly from the nonhuman 
transgenic animal, for example neurons. It is obvious that 
the transgenic nonhuman animal can have additional genetic 
modifications by transgenic art or through traditional mat 
ings with other transgenic or naturally occurring animals to 
produce novel animals that Serve as alternative disease 
models, drug Screens or other applications. This includes the 
inactivation of the murine endogenous p35 gene through 
gene targeting in ES cells and resultant murine p35-deficient 
mice that becomes the preferred host for expression of the 
human p25 heterologous polypeptide. Such heterologous 
transgenes may be integrated in nonhomologous chromo 
Somal locations in the transgenic animal, typically derived 
by pronuclear injection or may be integrated by gene tar 
geting in ES cells by methods to inactivate the murine p35 
gene and add linked Sequences to direct expression of the 
heterologous human p25 Sequences. 
0049. In general, the invention encompasses methods for 
the generation and characterization of transgenic animals 
that express the human p25 polypeptide, a proteolytic frag 
ment of p35, both of which are an allosteric activators of 
cyclin dependent kinase 5 (cdkiS). The transgenic animals 
express this human protein in the presence of the endog 
enous homologue. The techniques and procedures are per 
formed according to established protocols that are generally 
considered to be routine methods in the art and references 
are provided within this specification. The protein kinase 
cdkiS when associated with an allosteric activator, e.g., p35 
or p25 is reported in the literature to phosphorylate tau in 
vitro and in whole cells (see Background of the Invention). 
The transgenic mice thus produced establish the role of the 
human p25 in the formation of hyperphosphorylated tau in 
neurodegenerative conditions including Alzheimer's dis 
ease, Parkinson's disease, amyelolateral Sclerosis, Hunting 
ton's chorea, Stroke, traumatic brain injury, Pick's disease, 
neuraxonal dystrophy, multiple Sclerosis, motor neuron dis 
ease, and Spinocerebellar degeneration and other neurode 
generative diseases. It is apparent that the preparation of 
other transgenic animals that express the human p25 protein 
is easily accomplished including rats, hamsters, guinea pigs 
and rabbits. The transgenic animals that express the human 
p25 protein can be monitored for the level of expression and 
tau phosphorylation. It will be appreciated that under dif 
ferent conditions the level of expression and degree of tau 
phosphorylation will be inhibited in such an animal model. 
In particular, the Screening of therapeutic agents that inhibit 
the activity of the human p25 protein will be greatly facili 
tated in animal models. It is apparent that the development 
of cell lines from the affected transgenic animals, (e.g., 
neurons) will improve the throughput in which biochemical 
and pharmacological analysis of the human p25 protein can 
be assessed. 

0050 Particularly preferred animal models for p25 over 
expression are transgenic animals which express p25 as 
described above. Such transgenic animals, particularly 
transgenic mice according to this invention, produce high 
quantities of p25 and hyperphosphorylated tau and neuronal 
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death which may be detected according to the methods of the 
present invention. In accordance to this invention particular, 
the overexpression of p25 will be equal to or greater than 
endogenous p25 expression in Such animals. Further, this 
level of p25 overexpression results in tau hyperphosphory 
lation which is minimal in wild type animals. With Such 
elevated levels of p25, monitoring of hyperphosphorylation 
of tau and neuronal death is greatly facilitated. In particular, 
Screening for compounds and other therapies for inhibiting 
tau phosphorylation are greatly simplified in animals over 
expressing p25 according to this invention. 
0051 Agents are administered to test animals, such as 
test mice, which are transgenic and which overexpress p25. 
Particular techniques for producing transgenic mice which 
overexpress p25 are described below. It will be appreciated 
that the preparation of other transgenic animals overexpress 
ing p25 may easily be accomplished, including rats, ham 
Sters, guinea pigs, rabbits, and the like. In light of this 
disclosure, the effect of test compounds on the hyperphos 
phorylation of tau in the test animals may be measured in 
various specimens from the test animals. 
0052 The effect of test agents on hyperphosphorylation 
of tau may be measured in various specimens from the test 
animals. In all cases, it will be necessary to obtain a control 
value which is characteristic of the level of tau phosphory 
lation and neuronal death in the test animal in the absence of 
the test compound(s). In cases where the animal is sacri 
ficed, it will be necessary to base Such control values on an 
average or a typical value from other test animals which 
have been transgenically modified to overexpress p25 but 
which have not received the administration of any test 
compounds or any other Substances expected to affect the 
level of tau phosphorylation or neuronal death. Once Such 
control level is determined, test compounds can be admin 
istered to additional test animals, where deviation from the 
average control value indicates that the test compound had 
an effect on the tau phosphorylation or neuronal death in the 
animal. Test Substances considered positive, i.e., likely to be 
beneficial in the treament of AD or other neurodegenerative 
diseases, will be those which are able to reduce the level of 
tau phosphorylation or neuronal death preferably by at least 
20% and most preferably by 80%. In addition there may be 
paired helical or Straight filament formation in transgenic 
animals which overexpress p25 and display tau hyperphos 
phorylation. In these cases, test compounds can be admin 
istered to test animals and the reduction of filament forma 
tion monitored as a result of exposure to the compound. In 
addition, there may be behavioral alterations in the trans 
genic animals which overexpress p25 and display tau hyper 
phosphorylation. In these cases it will be necessary to obtain 
a control value from live animals performing a behavioral 
task (e.g., the measurement of locomotor activity) in the test 
animal in the absence of test compound(s). Such a control 
will also be determined in non-transgenic, wild type mice. 
The difference between the wild type and transgenic mice 
will Serve as the outcome measure for the effects of com 
pounds. Once Such control levels are determined, test com 
pounds can be administered to additional test animals, where 
reduction in or reversal of the difference between the wild 
type and transgenic mice indicates that test compound has an 
effect on the behavioral test being measured. Test Substances 
considered positive, i.e., likely to be beneficial in the trea 
ment of AD or other neurodegenerative diseases, preferably 
will be those which are able to reverse or, Substantially 
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reverse, or favorably modify the behavioral abnormality in 
the transgenic animal to the level found in wild type mice. 
0.053 Test agents will be defined as any small molecule, 
protein, polysaccharides, deoxy or ribomucleotides, or any 
combination thereof that when added to the cell culture or 
animal will not adversely interfere with the cell or animal 
Viability. Agents that alter the level of human p25 expression 
and tau phosphorylation will be considered as candidates for 
further evaluation as potential therapeutics. The test com 
pound will typically be administered to transgenic animals at 
a dosage of from 1 ng/kg to 100 mg/kg, usually from 10 
ug/kg to 32 mg/kg. 
0.054 Test compounds which are able to inhibit phospho 
rylation of tau are considered as candidates for further 
determinations of the ability to block tau phosphorylation in 
animals and humans. Inhibition of tau phosphorylation 
indicates that cak5/p25 activity has been at least partly 
blocked, reducing the amount of cdk5/p25 available to 
phosphorylate tau. 
0.055 The present invention further comprises pharma 
ceutical compositions incorporating a compound Selected by 
the above-described method and including a pharmaceuti 
cally acceptable carrier. Such pharmaceutical compositions 
should contain a therapeutic or prophylactic amount of at 
least one compound identified by the method of the present 
invention. The pharmaceutically acceptable carrier can be 
any compatible, non-toxic Substance Suitable to deliver the 
compound or compounds to an intended host. Sterile water, 
alcohol, fats, waxes and inert Solids may be used as the 
carrier. Pharmaceutically acceptable adjuvants, buffering 
agents, dispersing agents, and the like may also be incor 
porated into the pharmaceutical compositions. Preparation 
of pharmaceutical compositions incorporating active agents 
is well described in the medical and Scientific literature. See, 
for example, Remington's Pharmaceutical Sciences, Mack 
Publishing Company, Easton, Pa., 16" Ed., 1982, the dis 
closure of which is incorporated herein by reference. 
0056. The pharmaceutical compositions just described 
are Suitable for Systemic administration to the host, includ 
ing both parenteral, topical, and oral administration. The 
pharmaceutical compositions may be administered parenter 
ally, i.e., Subcutaneously, intramuscularly or intravenously. 
Thus, the present invention provides compositions for 
administration to a host where the compositions comprise a 
pharmaceutically acceptable Solution of the identified com 
pound in an acceptable carrier, as described above. 

Commercial Research and Screening Uses 
0057. Non-human animals comprising transgenes which 
encode p25 can be used commercially to Screen for agents 
having the effect of preventing or reducing the phosphory 
lation of tau and neuronal death. Such agents can be devel 
oped as pharmaceuticals for treating hyperphosphorylation 
of tau and AD amongst other neurodegenerative diseases. 
For example, the p53 knockout mice of Donehower et al. 
(54) have found wide acceptance as commercial prouducts 
for carcinogen Screening and the like. The transgenic ani 
mals of the present invention exhibit abnormal tau phos 
phorylation and can be used for pharmaceutical Screening 
and as disease models for neurodegenerative diseases and 
cdk5/p25 and tau biochemistry. Such animals have many 
uses including but not limited to identifying compounds that 
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affect tau hyperphosphorylation; in one variation, the agents 
are thereby identified as candidate pharmaceutical agents. 
The transgenic animals can also be used to develop agents 
that modulate cdkiS or p25 expression and or Stability; Such 
agents can Serve as therapeutic agents to treat neurodenera 
tive diseases. The p25 overexpressing mice of the invention 
can also Serve as disease models for investigating tau-related 
pathologies (e.g., AD, Pick's disease, Parkinson's disease, 
frontal temporal lobe dementia associated with chromosome 
17, Stroke, traumatic brain injury, mild cognitive impairment 
and the like). Such transgenic animals can be commercially 
marketed to researchers, among other uses. 
0058 Having described the invention in general terms, 
reference is now made to specific examples. It is to be 
understood that these examples are not meant to limit the 
present invention, the Scope of which is to be determined by 
the appended claims. 

EXPERIMENTAL EXAMPLES 

The Plasmids 

0059) The plasmid pNSE-p25 (rat neuron specific eno 
lase promoter, human p25 transgene) contains DNA from 4 
different Sources: the rat neuron Specific enolase promoter; 
the human cDNA for the p25 catalytic fragment of the p35 
protein; the SV40 polyadenylation signal Sequence and a 
commercially available plasmid vector. The transgene is 
isolated by BamH1 restriction enzyme digestion of pNSE 
p25. This restriction digest releases the NSE-p25 transgene 
(3212 bp) from the plasmid cloning vector pSP72 (2462 bp) 
(Promega, Madison, Wis.). The rat Neuron Specific Enolase 
(NSE) promoter sequence is 1826 bp (SEQ ID NO: 1) and 
has been demonstrated to efficiently express DNA coding 
Sequences in neurons of transgenic mice (55). The coding 
region for the human p25 sequence is 633 bp. (SEQ ID NO: 
2). The 3-prime untranslated and SV40 polyadenylation 
sequence are 688 bp (SEQ ID NO:3). The microinjected 
NSE-p25 transgene is 3212 bp (SEQ ID NO: 4). Enzymatic 
reactions of recombinant DNA, including ligations, restric 
tion, endonuclease digestions, DNA synthesis reactions, 
Single Strand fill-in reactions, and bacterial transformations 
performed are well established procedures as described by 
Sambrook, J., Fritsch, E. F. and Maniatis, T. Molecular 
Cloning: A Laboratory Manual. 2nd edition, Cold Spring 
Harbor Press, New York, 1989. 
0060. The SV40 polyadenylation sequence (SEQID NO: 
3) was cloned into the commercially available plasmid 
pSP72 (SEQ ID NO: 5) at Xbal and BstX1 sites. This 
plasmid, designated pSP-SVp A, served as the backbone 
vector for the construction of the NSE-p25 transgene plas 
mid. The cDNA for the human p25 catalytic fragment was 
derived using polymerase chain reaction (PCR). The human 
p35 full length cDNA was used as the template for ampli 
fication of the p25 insert. We received the p35 template DNA 
from Dr. David Auperin of Pfizer; the human p35 sequence 
was cloned into the EcoR1 site of the pFastBac1, baculoviral 
expression vector (Gibco-BRL, Gaithersburg, Md.). The 
PCR primers were designed to have Not1 restriction sites 
outside the coding Sequence to facilitate transgene construc 
tion. The forward primer also introduced a new ATG start 
codon adjacent to the GCC (Ala codon at position 99 of the 
human p35 sequence). The primers (Submitted in 5-prime to 
3-prime orientation) were p25-forward: GCGGCCGCATG 
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GCCCAGCCCCCACCGGCCCAGCCGCCTGCA (SEQ 
ID NO: 6) and p25-reverse: CTCCTCCTAGGCCTG 
GAATCGGTGAGGCGGCCGC (SEQ ID NO: 7). The ATG 
is introduced Start codon, the TGA is the Stop codon and the 
GCGGCCGC are the Not1 restriction sites added to the PCR 
primers. The resulting PCR product is 648 bp containing the 
entire 633 bp human p25 cDNA sequence with engineered 
ATG start site (SEQ ID NO: 2) and an additional 15bp from 
addition of the Not 1 cloning sites. The 648 bp fragment was 
subcloned into the pCR2.1 (Invitrogen, Carlsbad, Calif.) 
vector for Verification of Sequence prior to use as insert in 
the final transgene. The confirmed 648 bp Not 1 fragment 
was ligated into the Not 1 restriction site of pSP-SVpA 
producing the plasmid pSP-SVpA:p25. The rat Neuron 
Specific Enolase (NSE) promoter was isolated from the 
plasmid pNSE-lacz obtained from Dr. J. G. Sutcliffe of the 
Research Institute of Scripps Clinic (LaJolla, Calif.). The rat 
NSE promoter sequence (SEQ ID NO: 1) was isolated by 
EcoR1 and Hind III restriction digestion of the pNSE-lacz, 
plasmid. The 1.8 kb fragment was extracted by agarose gel 
electrophoresis and purified. The 5-prime Single Strand over 
hangs generated by the restriction enzymes were filled by 
Klenow reaction to produce the rat NSE promoter fragment 
with double stranded blunt ends. The 1826 bp rat NSE blunt 
end promoter fragment was blunt end ligated into the Sma 
1 restriction site of pSP-SVpA:p25. The correct orientation 
of the rat NSE promoter within the pSP-SVpA:p25 was 
verified by double restriction digests of BamH1 and Xho1. 
Plasmids with the correct orientation were assigned the 
designation as pNSE-p25. The entire sequence of the 3212 
bp NSE-p25 transgene (SEQ ID NO: 4) was analyzed and 
Verified by automated Sequencing on ABI 373 Sequencer 
(Foster City, Calif.) using the Standard dye-terminator chem 
istry protocol outlined by ABI. All plasmids were grown in 
DH5alpha bacterial cells (Gibco BRL Gaithersburg Md.). 

Production of Transgenic Mice Overexpressing 
Human p25 

0061 The 3212 bp NSE-p25 transgene DNA fragment 
was excised from the pNSE-p25 plasmid by BamH1 restric 
tion endonuclease reaction. The 3.2 kbp fragment was 
isolated by electroelution (50V, 3 hrs) after electrophoresis 
in 1% agarose gel (FMC Bioproducts, Rockland Me...). The 
fragment was further purified by on a Schleicher and Schuell 
(Keene, N.H.) Elutip-d column following protocols estab 
lished by the manufacturer for DNA purification prior to 
murine embryo microinjection. 
0.062 Production of transgenic mice by pronuclear 
microinjection was carried out by published procedures as 
outlined in Hogan, B. et al Manipulating the Mouse Embryo: 
A Laboratory Manual 2nd edition, Cold Spring Harbor 
Laboratories, New York, 1994. Pronuclear stage embryos 
from F1 females mice of the strain FVB/N (Charles River 
Labs, Wilmington, Mass.) were obtained after Superovula 
tion with 5 international units (IU) of follicle stimulating 
hormone from pregnant mare serum (Sigma St Louis, Mo.) 
and 2.5 I.U. human chorionic gonadotropin (Sigma). The 
actual microinjection procedure was performed as described 
by Wagner, T. et al. (56) except that the embryos were 
transferred immediately to pseudopregnant CD-1 recipient 
females (Charles River Laboratories, Wilmington, Mass.) 
for development of embryos to term. Mice resulting from the 
reimplantation events were tested for the presence of the 
NSE-p25 transgene by PCR analysis of genomic DNA 
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isolated from tail biopsies at 3 weeks of age. The mice that 
demonstrated positive for the presence of the NSE-p25 
transgene were mated with wild type FVB/N mice (Charles 
River Laboratories, Wilmington, Mass.) of the opposite sex. 
Offspring of these matings were tested for germline trans 
mission by PCR analysis or Southern blot analysis of 
genomic DNA isolated from tail biopsies at 3 weeks of age. 
Transgenic lines were produced from 7 founder transgenic 
mice and were maintained by breeding to wild type FVB/N 
mice and PCR genotyping for the presence of the NSE-p25 
transgene. 

0063. The experiments described below were done in 
mice heterozygous for the inserted transgene. These mice 
were derived by breeding mice positive for the transgene 
insert with FVB/N wild-type animals and screening off 
spring by PCR for presence of the NSE-p25 transgene 
Sequences. 

Detection of Overexpression of p25 Protein 
0064.) Western Blot 
0065 Whole brains from 1 or 4 month old transgenic 
(Tg) and wild type (wt) mice were removed and Snap frozen 
in liquid nitrogen. Amygdala, thalamus and cortex were 
dissected and homogenized in 1 ml of lysis buffer (as 
described in 37). The samples were boiled for 10 minutes 
and then centrifuged at 13,000 rpm. Protein concentrations 
of the resulting Supernatants were determined by the Pierce 
BCA method (BCA micro protein assay, catalog #23225, 
Pierce, Rockford Ill.). Ten micrograms of each sample were 
electrophoresed on an SDS polyacrylamide gel (57) and 
transferred to ProBlott protein paper for western blot analy 
sis Western blotting protocols, ECL detection, Amersham 
Life Science Arlington Heights, Ill. (1995). Non specific 
sites were blocked by incubating the blots in 5% nonfat milk 
in tris-buffered saline (20 mM Tris Base, 127 mM NAC1, 3.8 
mM HCl pH 7.6, Sigma) included 0.1% tween-20 (TBS-T). 
Primary antibodies were diluted in 5% nonfat milk\TBS-T. 
The blots were placed in the diluted antibody solutions and 
rotated for 1 hr at 23°C. The western blots were then washed 
for 30 min in TBS-T. Secondary horseradish peroxidase 
linked antibodies were diluted in 5% nonfat milk\TBS-T. 
The blots were incubated with the secondary antibody 
Solution and rotated for 45 min at 23°C. The blots were then 
washed for 30 min in TBS-T. Equal volumes of Amersham's 
ECL developing solutions A and B were mixed together. The 
Western blots were incubated for 1 min in the developing 
solution. The blots were wrapped in SarancE) wrap and then 
exposed to imaging film (Kodak Rochester N.Y. X-OMAT 
AR, catalog #165 1454). 
0066 Western blots of the amygdala (1), thalamus (2) 
and cortex (3) from 3 mice were probed with an antibody 
specific for p25 and p35/39 (gift of L.-H. Tsai, Harvard 
Medical School, FIG. 1A). While detection of p35/39 is 
apparent, no p25 is detected in wild type mice. When the 
same analysis is performed in the transgenic mice (FIG. 
1B), robust expression of p25 in addition to the constitutive 
expression of p35 is detected. These results confirm that 
expression of the transgene is robust in the p25 transgenic 
animals. 

Silver Stain & SMI 34 Immunohistochemistry 
0067 Tissues collected from scheduled sacrifice mice 
were perfusion-fixed in situ with 10% neutral-buffered for 
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malin or 4% paraformaldehyde, whereas tissues collected 
from mice found dead were immersion fixed in formalin. 
Following fixation, trimmed tissues were dehydrated 
through graded alcohols and embedded in paraffin. Standard 
croSS Sections of brain were identified by analogy to figures 
in The Mouse Brain in Stereotaxic Coordinates (Franklin 
and Paxinos, 1997). Paraffin sections (8 um thick) were 
stained with modified Bielschowsky silver stain and, immu 
nohistochemically, with an antibody directed against phos 
phorylated neurofilament (SMI 34, commercially available 
from Sternberger Monoclonals, Inc Lutherville, Md.). 

Immunohistochemistry 

0068 For immunohistochemical studies, transgenic and 
wild type mice were deeply anesthetized with Sodium pen 
tobarbital (60 mg/kg, i.p.) and perfused through the ascend 
ing aorta with 20 ml of 0.1M NaPO containing 0.9% NaCl 
(PBS, 7.4) followed by 30 ml of fixative containing 4% 
paraformaldehyde in 0.1M NaPO (PB, 7.4) buffer. The 
brains were removed, cryoprotected for 48 hr in PBS con 
taining 20% Sucrose, frozen in a bed of pulverized dry ice, 
and then cut into 35 micron Sections on a sliding microtome. 
Consecutive 1 in 18 Series of Sections were collected in 
0.1M PB and processed for immunohistochemistry as 
described below. 

0069. For immunohistochemistry, sections were incu 
bated for 1 hr in 50 mM Tris buffer, ph 7.4 containing 0.9% 
NaCl (TBS) and 0.1% Triton X-100. The sections were then 
washed in TBS and incubated for 1 hr in antibody vehicle 
(4% goat or horse serum, 0.1% Triton X-100 in TBS). After 
additional washes in TBS, sections were incubated over 
night at 4 C. in vehicle containing the primary antibody. 
0070 Following overnight incubation in the primary 
antibody, sections were washed in TBS, incubated for 1 hr 
in vehicle containing biotinylated horse anti-mouse or goat 
anti-rabbit antibody (as per manufacturer, Vector Labs, 
Burlingame, Calif.), washed in TBS, and then incubated for 
1 hr in TBS containing ABC/horseradish peroxidase reagent 
(Vector Labs, Burlingame, Calif.). 
0071. After additional washes in TBS, immunolocaliza 
tion products were visualized by developing Sections for 3-5 
min in 50 mM Tris buffer (pH 7.6) containing 0.04% 
diaminobenzdine (DAB) and 0.003% H.O. Sections were 
Subsequently washed in the Tris buffer, mounted onto slides 
and dehydrated and coverslipped using DPX (Fluka, 
Ronkokoma, N.Y.). 
0072 Antibodies 
0073 AT-8: 
0074. Used at 1:1,000 (200 ng/ml), mouse monoclonal 
which recognizes Ser 202 and thr 205 of human phospho 
rylated tau. (Innogenetics, Inc. Zwij+ndrecht (Belgium)) 
0075 PHF-13: 
0.076 Used at 1:20,000, mouse monoclonal which rec 
ognizes Ser 396 and thr 404 of human phosphorylated tau. 
(Gift from V. Lee, University of Pennsylvania) 
0077 anti-TAU: 
0078 Used at 1:7,000, rabbit polyclonal which recog 
nizes total tau. (Accurate Chemical and Scientific Corp 
Westbury, N.Y.). 

Jul. 31, 2003 

0079) SMI 34: 

0080 Used at 1:1000, mouse monoclonal which recog 
nizes phosphorylated neurofilament.H (Sternberger Mono 
clonals, Inc., Lutherville Md.) 
0081 Brains from four month old transgenic and wild 
type mice were compared for the presence of tau and 
neurofilament phosphoepitopes by immunohistochemistry. 
AT-8 and PHF-13, monoclonal antibodies which recognize 
phosphorylated Ser-202 and Thr-205, and Ser-396,404, 
respectively, labeled neurons in amygdala (FIGS. 2 and 4, 
respectively), thalamus/hypothalamus and cortex adjacent to 
external capsule (not shown) of transgenic animals but not 
in corresponding regions of wild-type animals (FIGS. 3 and 
5). In addition, Staining for total tau revealed numerous cell 
bodies in p25 transgenic animals (FIG. 6) while mostly 
axons and very few cell bodies were labeled in wild type 
mice (FIG. 7). A monoclonal antibody (SMI34) recognizing 
phosphorylated neurofilament H also showed increased 
immunostaining in these three brain regions and Spinal cord 
of transgenic mice (amygdala is depicted in FIG. 8), but not 
in wild type (FIG. 9). All three of these markers are known 
to be increased in Alzheimer brain relative to age-matched 
control. 

0082 In Alzheimer's brain, pathological changes in neu 
rons containing altered tau proteins have classically been 
identified using silver-based staining methods. We found 
that, in the transgenic mice of this invention, neurons in the 
Same three brain regions described above and Spinal cord 
show positive labelling using the modified Bielschowsky 
silver stain (amygdala, FIG. 10). This staining was once 
again absent in wild-type control animals (FIG. 11). We also 
detected increases in Silver Staining and phosphorylated 
neurofilament H in obviously enlarged axons in the Spinal 
cord of transgenic mice (FIGS. 12 and 13, respectively), 
while in wild type mice, axons were of the expected diam 
eter and neurofilament staining was normal (FIG. 14). 
0083. With regard to AT-8 immunoreactivity, most 
labelled neurons in the amygdala exhibited well-defined, 
densely staining Soma, often with a Swollen, dystrophic 
hillock and contorted axon (FIG.2). Less commonly, diffuse 
labelling of unidentified cells was Seen, and occasionally 
cells having astroglial or microglial morphology were 
labelled. In cortex adjacent to external capsule, the majority 
of AT-8 staining was found in intensely-labelled neuronal 
cell bodies, often accompanied by axons when present in the 
plane of the Section. Thalamic/hypothalamic Staining was 
more diverse, including both neuronal Staining as Seen in 
other Sections. 

0084. Histologic examination of brain and spinal cord 
from p25 Tg mice revealed changes in neurons and axons of 
brain or spinal cord (n=19) but not in these tissues from 10 
age-matched, wild-type controls. AXonal changes were most 
pronounced in the spinal cord (cervical and thoracic) and 
consisted of marked dilation of axoplasm to diameters of 20 
to 50 lum. Dilated axons were filled with both silver staining 
and phosphorylated neurofilament H (FIGS. 12, 13). A 
given croSS Section of affected cord generally contained 
between 10 and 100 overtly dilated axons distributed among 
all funiculi of white matter. Luxol fast blue staining illus 
trated dissolution of the internal portion of myelin sheath of 
affected axoris (not shown). 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 7 

<210> SEQ ID NO 1 
&2 11s LENGTH 1867 
&212> TYPE DNA 
<213> ORGANISM Rattus rattus 

<400 SEQUENCE: 1 

ggatccccaa titcgagctoc toctotgctc goccaatcct tccaac cocc 

tggctgacac agaaaatgtc. to citcct gta toggacattt gcc.cct cittc 

agacaggatg aggcctagot tttgctgctic caaagttitta aaagaacaca 

tittaggg act citaaagggtg gaggaggaat gagggaattig catcat gcca 

tdatc catca citgct tccag gg.cccagagt ggct tcc agg agg tattott 

ccc.gatctgt agctaac act cagagcc cat tttcctg.cgit taaccoctoc 

tacaggagta acatgat cag to acctgggg gagctggcca aactg.cggga 

citgaggg cct togtogct gct ggacaa.cccc totg.ccgatg agacitg act a 

gcc citggtgc agatggcaca cotagag cqc ctag acaaag agtact atga 

cgggCagaag Ctgaggagat CC gacagagg ctgaaggagg aa Caggagca 

ccggaccaag acatggalacc gtacctoccg ccaacttagt ggctcc tota 

acagtaaagg tatggCagg aaggcagcCC ccggaggtoa aaggctgggc 

agaggccaga gtcagaggct gcigggitatct cagatatgaa ggaaagatga 

ggaagaggta agaaaagaca Calaga gacca gaga agg gag aagaattaga 

gaggaccgct gtc.totacag acatagotgg tagagacitgg gaggaaggga 

gcgcatgaag ggaaggaggt ggctggtggt atatggagga totagotggg 

gatcc tocac taaaaatctg aagctaaaaa taac aggaca cqgggtggag 

agggCagatt gaggcagaga gactgagagg cctogggatg toggg cattcC 

acagttcact totcttctot tttitccagga ggccaaagat gotgacctda 

ataccc.cagt ggggaccacc goatt catag coct gttaca agaagtggga 

tttgtcc cag actoggaaatc cattacatcc cgaggcticag gttctgtggit 

gtgtggcttg ttctgtgggc ctacctaaag to citaag cac agctict caag 

gcgactalaga toctagtagg ggttgtctgg agagaagagc cqaggaggtg 

gatcagttca gctttcaaat aaaaaggcgt ttittatatto tdtgtc. gagt 

citgtggtggg cittct coat c totctgg gtt agtacct gcc actatactgg 
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tatggtggta 60 

to caaatata 120 

ttgcacggca 18O 

aggctggtoc 240 

acaaaggaag 3OO 

cg accitcata 360 

cctg.cccaag 420 

CC gC Caggag 480 

ggacgaggac 540 

agaacticgac 600 

gcct gCaggg 660 

acgcgg gagg 720 

gagaggctica 78O 

gagggaggca 840 

tgaaccotga 9 OO 

cc agggaaaa 96.O 

aggC gaaagg O20 

ggtagg gCaC O8O 

agaact cata 1 4 0 

gatgttccitt 200 

gg to atctot 260 

cagatc.cgag 320 

ggctgttgatg 38O 

to gtgaacco 4 40 

aataagggga 5 OO 
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1. Recombinant DNA comprising a rat neuron Specific 
enolase promoter operably linked to a p25 encoding 
Sequence of the human cdki5 gene encoding Sequence. 

2. Recombinant DNA according to claim 1 wherein said 
Sequence encoding Said p25 fragment has the characteristics 
of genomic DNA. 

3. Recombinant DNA according to claim 1 wherein said 
Sequence encoding Said p25 fragment has the characteristics 
of cDNA. 

4. Recombinant DNA according to claim 1 wherein said 
sequence is that of SEQ ID NO: 4 

5. A vector comprising recombinant DNA according to 
claim 1. 

6. A vector comprising recombinant DNA according to 
claim 2. 

7. A vector comprising recombinant DNA according to 
claim 3. 

8. An eukaryotic cell line comprising recombinant DNA 
according to claim 1. 

9. An eukaryotic cell line comprising recombinant DNA 
according to claim 2. 

10. An eukaryotic cell line comprising recombinant DNA 
according to claim 3. 

11. A transgenic non-human mammal, and progeny 
thereof whose germ cells and Somatic cell express recom 
binant DNA according to claim 1. 

12. A transgenic non-human animal, or progeny, thereof, 
whose germ cells and Somatic cells express recombinant 
DNA according to claim 2. 

13. A transgenic non-human animal, or progeny thereof, 
whose germ cells and Somatic cells express recombinant 
DNA according to claim 3. 

14. A transgenic non-human animal, or a progeny thereof, 
according to claim 12 which is a mouse. 

15. A transgenic non-human animal, or a progeny thereof, 
according to claim 13 which is a mouse. 

16. A transgenic non-human animal, or a progeny thereof, 
according to claim 14 which is a mouse. 
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17. A method for treating an animal having a disease 
characterized by the expression of a p25 fragment of a 
human cdk5 gene comprising administering a therapeuti 
cally effective amount of an inhibitor of said p25 fragment. 

18. A method for determining the ability of a compound 
to inhibit the expression of a p25 fragment of a human cdkS 
gene comprising the Steps of 

a. creating a transgenic non-human animal by Stably 
incorporating into the embryonic Stem cells of Said 
animal the recombinant DNA of claim 1, 

b. growing Said embryonic Stem cells into a mature 
transgenic non human animal; 

c. administering to Said transgenic non-human animal the 
compound of interest; 

d. measuring the inhibition of Said p25 fragment by Said 
compound. 

19. A method for generating data to determing the ability 
of a compound to inhibit the expression of a p25 fragment 
of a human cdkiS gene comprising the Steps of: 

a. creating a transgenic non-human animal by Stably 
incorporating into the embryonic Stem cells of Said 
animal the recombinant DNA of claim 1, 

... growing Said embryonic Stem cells into a mature 
transgenic non human animal; 

c. administering to Said transgenic non-human animal the 
compound of interest, 

... measuring the inhibition of Said p25 fragment by Said 
compound. 

e. using the data derived from Said inhibition to Synthesize 
compounds capable of inhibiting Said p25 fragment. 


