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(57) ABSTRACT 

The invention provides transgenic mice comprising tau 
transgenes, and methods of preparing and using the trans 
genic mice. For example, the invention provides a transgenic 
mouse, the genome of the cells of which stably comprise a 
DNA molecule which comprises a human genomic DNA 
sequence comprising a human tau promoter and which DNA 
sequence encodes human tau. 
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TRANSGENC MICE COMPRISING A GENOMIC 
HUMAN TAU TRANSGENE 

RELATED APPLICATION(S) 
0001. This application is a Division of U.S. application 
Ser. No. 10/620,840, filed on Jul. 16, 2003, which claims 
benefit under 35 U.S.C. S 119 (e) of U.S. Provisional 
Application No. 60/396,699 filed Jul. 16, 2002 and U.S. 
Provisional Application No. 60/405,363 filed Aug. 21, 2002, 
all of which are incorporated herein by reference. 

STATEMENT OF GOVERNMENT RIGHTS 

0002 The invention was made, at least in part, with a 
grant from the Government of the United States of America 
(grants AG146133, AG17216, NS37132-01 and 
NIMH28623 from the National Institutes of Health). The 
Government may have certain rights to the invention. 

BACKGROUND OF THE INVENTION 

0003. The human tau protein has been implicated in the 
pathogenesis of several human neurodegenerative diseases 
including Alzheimer's disease (AD) and frontal temporal 
lobe dementia (Hardy et al. 1998, Spillantini and Godert 
1998). The pathology of AD is defined as the presence of 
amyloid-containing plaques and neurofibrillary tangles 
(NFTs) composed of tau arranged into paired helical fila 
ments (PHFs). Mutations in the taugene lead to a range of 
tauopathies (termed Fronto-Temporal Dementia and Parkin 
sonism linked to chromosome 17 (FTDP-17) where tau 
takes the form of PHF (Spillantini et al. 1996, Poorkai et al. 
1998, Hutton et al. 1998) or twisted ribbons (Spillantini et al. 
1997, 1998, Hutton et al. 1998, Reed et al. 1998). Although 
the mechanisms underlying the development of tauopathy in 
these diseases are unknown, hyperphosphorylation of tau 
has been linked to AD (Iqbal and Iqbal 1996), and disruption 
of microtubule binding and assembly has been linked to 
FTDP-17 missense mutations (Hasegawa et al. 1998, Hong 
et al. 1998). 
0004 Human tau is alternatively spliced to generate six 
isoforms that differ in the presence of absence of exons 2, 3 
or 10 (Godert et al. 1989, Andreadis et al. 1992). Splicing 
out of exon 10 generates a tau protein with 3 microtubule 
binding domain repeats (3R), whereas its inclusion gener 
ates tau with 4 repeats (4R). The normal human brain 
maintains an approximately equal ratio of 4R to 3R tau but 
this ratio is shifted in favor of more 4R tau in FTDP-17 
patients with splice site mutations (Godert and Jakes 1990, 
Spillantini et al. 1998, Hong et al. 1998, Godert et al. 1999, 
Grover et al. 1999). Biochemical evidence suggests that 
microtubule binding and assembly is disrupted by some 
missense mutations in tau (Hasegawa et al. 1998, Hong et al. 
1998, Dayanandan et al. 1999), however, the mechanism by 
which excess 4R tau causes neuronal degeneration is less 
clear. Given that excess 4R tau is detrimental to humans, it 
is Surprising that the normal adult mouse makes 4R tau 
exclusively (Gotzetal. 1995, Kampers et al. 1999), although 
it is possible that in FTDP-17, a shift in the normal ratio of 
tau isoforms is pathogenic rather than their absolute levels. 
0005 Thus, what is needed is a non-human animal model 
which expresses human tau, e.g., to examine the normal 
biology of tau and to provide a model for tauopathies where 
the ratio of tau isoforms are shifted. 
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SUMMARY OF THE INVENTION 

0006 The invention provides a transgenic rodent, e.g., a 
rat or a mouse, the genome of the cells of which are 
augmented with a human genomic DNA sequence encoding 
tau. Preferably, the expression of the human genomic DNA 
sequence results in the presence of at least one, and prefer 
ably two or more, e.g., all six, isoforms of human tau. It is 
envisioned that the human genomic DNA sequence com 
prises wild-type human tau sequences, as well as sequences 
which have alterations, e.g., deletions, insertions or muta 
tions, for example, a splice site or missense mutation, e.g., 
one encoding an amino acid Substitution, such as those 
which result in a shift in the ratio of the isoforms. Preferably, 
the alterations yield tau protein that is associated with 
dementing disorders, including neurodegenerative disor 
ders, in humans. As described hereinbelow, to examine the 
normal cellular function of tau and its role in pathogenesis, 
transgenic mice were prepared that over-express a tau trans 
gene derived from a human PAC that contains the coding 
sequence, intronic regions and regulatory regions of the 
human gene. All six isoforms of human tau are represented 
in the transgenic mouse brain at the mRNA and protein level 
and the human tau is distributed in neurites and at Synapses, 
but is absent from cell bodies. A comparison between the 
genomic tau mice and transgenic mice that over-express a 
tau cDNA transgene shows that overall, the distribution of 
tau is similar in the two lines, but human tau is located in the 
Somatodendritic compartment of many neurons in the cDNA 
mice. Tau-immunoreactive axonal SWellings were found in 
the spinal cords of the tau cDNA mice, which correlated 
with a hind-limb abnormality whereas neuropathology was 
essentially normal in the taugenomic DNA mice up to eight 
months of age. Further provided are progeny of human 
genomic tau mice, e.g., progeny of a cross between genomic 
tau mice and tau knock out mice, e.g., a C129/C57B16 
knock out. As described hereinbelow, such progeny mice 
had somatodendritic localization of tau which was in an 
abnormal conformation. Thus, in one embodiment of the 
invention, the human genomic tau DNA mice do not express 
murine tau, e.g., due to a knock out of the endogenous 
murine taugene(s). Onset of abnormal pathologies in tau 
transgenic mice can occur at any time in development. For 
example, in one embodiment of the invention, the human 
genomic tau mice present a normal phenotype early in life; 
however, during the course of development, the human tau 
genomic mice develop one or more abnormal pathologies, 
e.g., motor and/or neurological pathologies. In another 
embodiment, abnormal pathologies may be present before or 
immediately after birth and optionally those pathologies 
progressively worsen. 
0007. The invention also provides a method of preparing 
a transgenic rodent of the invention. The method comprises 
contacting a rodent cell which can give rise to an organism, 
e.g., a totipotent cell Such as a fertilized embryo, with an 
isolated and purified DNA molecule comprising a human 
genomic DNA sequence encoding tau So as to yield a 
transformed cell. The transformed cell is manipulated so as 
to yield a rodent. Then it is determined whether the rodent 
comprises cells comprising the human genomic DNA 
sequence encoding tau, i.e., it is a transgenic rodent. Pref 
erably, the rodent expresses human tau. For example, the 
rodent may express all six forms of human tau, a Subset of 
the human isoforms, and/or an altered ratio of the human 
isoforms. The expression of a Subset of isoforms, e.g., one 
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or more but less than all six of the human isoforms, or an 
altered ratio of human isoforms, may be the result of one or 
more alterations in the human genomic DNA sequence 
relative to a sequence, the expression of which results in the 
presence of all six human isoforms in the rodent. 
0008 Further provided is an isolated and purified DNA 
molecule comprising a human genomic DNA sequence 
encoding tau. 
0009. Also provided is a method to employ the rodent of 
the invention, e.g., to screen for an agent that inhibits or 
reduces neurodegeneration or tauopathies, e.g., Such as those 
which are associated with Alzheimer's disease, frontal tem 
poral lobe dementia, FTPD-17, and the like. 
0010. The invention also provides a transgenic rodent 
comprising a humanized taugene. For example, an isolated 
and purified murine DNA sequence encoding tau is altered 
so that at least one, preferably at least one fourth, and more 
preferably at least a majority, of the codons in the murine tau 
coding region are humanized, thus, providing a humanized 
murine tau DNA sequence. The humanized murine tau DNA 
sequence may encode native murine tau or may comprise 
alterations, i.e., insertions, deletions, or mutations, e.g., 
which result in amino acid substitutions, or any combination 
thereof. Then the isolated and purified humanized murine 
tau DNA sequence is introduced into a murine cell that can 
give rise to an organism, e.g., a totipotent cell Such as a 
fertilized embryo, so as to yield a transformed murine cell. 
The transformed cell is manipulated so as to yield a mouse. 
Then it is determined whether the mouse comprises cells 
comprising the humanized murine tau DNA sequence, i.e., it 
is a transgenic mouse. Preferably, the transgenic mouse of 
this embodiment of the invention expresses the humanized 
tau. More preferably, the expression of the humanized tau in 
the transgenic mouse is associated with the development of 
a pathology in the mouse. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is an RT-PCR analysis of splice isoforms in 
genomic 8c mice compared to human brain. RT-PCR was 
performed using primers that spanned the alternatively 
spliced exons 2, 3, and 10 (A and B, respectively). Primers 
were designed to be specific for human or mouse tau and 
exon fragments were identified based on their size. 
0012 FIG. 2 is an immunoblot analysis of transgenic 
mouse lines expressing human tau. Blots were probed with 
human tau specified antibody CP27 (A) or an antibody 
(TG5) that recognizes both human and mouse tau (B). Lanes 
1, 3, 5, 7, heat stable tau from 5d, normal human cortex, 8c, 
and Alz17, respectively. Lanes 2, 4, 67, 8, dephosphorylated 
tau from 5d, normal human cortex, 8c, and Alx 17 line. Lanes 
9, 11, 13, 15 heat stable tau from 5d, normal human cortex, 
8c, and Alz17, respectively. Lanes 10, 12, 14, and 16 
dephosphorylated tau from 5d, normal human cortex, 8c, 
and Alz17, respectively. (C) An enlargement of the lanes 
from A and B. Thin lines indicate 4R isoforms, arrowheads 
indicate 3R isoforms. Thick lines represent the position of 
the 64 kDa (upper) and 46 kDa (lower) molecular weight 
markers. Exposure conditions for some samples were not 
within the linear range to allow the visualization of faint 
bands and the data is not intended to be quantitative. 
0013 FIG. 3 is an immunoblot analysis of phospho 
epitopes in transgenic line 8c. Blots prepared with soluble 
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and pelleted tau from line 8c transgenic and nontransgenic 
mice were immunolabeled with phosphoindependent anti 
bodies (CP27 and TG5, A) and phospho-dependent antibod 
ies (CP13 and PHF-1B). Lanes 1, 2, 5, and 6 are from 
transgenic mouse line 8c, lanes 3, 4, 7, and 8 are from a 
nontransgenic littermate. Lanes 1, 3, 5, and 7 contain soluble 
tau. Lanes 2, 4, 6, and 8 contain tau present in the SDS 
extracted pellet. Molecular weight markers are in kDa. 
0014 FIG. 4 is an immunohistochemistry with MC1 in 
the cortex and hippocampus. Immunolabeling of sections 
from genomic tau lines and Alz17 mice with MC1. (A) Low 
power view of hippocampus from genomic tau line 5d. (B) 
Hippocampus of the genomic tau line 8c. The higher power 
views in C and D show the fine diffuse staining of axon 
terminals in the outer two thirds of the molecular layer in 
line 8c. E and F are neocortex from line 8c showing the fine 
diffuse staining outlining the cell bodies of the large neu 
rons, which are unstained. (B) Hippocampus of a represen 
tative nontransgenic mouse; (H) hippocampus from an 
Alz17 mouse. (I) Higher power view of the outer molecular 
layer, where staining is dominated by the large dendrites of 
the pyramidal cells. (J) Higher magnification showing Soma 
todendritic staining is also evident in the denate gyrus, 
where many granule cells stain (K). (L.) Some (but by no 
means all) cortical neurons show prominent somatodendritic 
staining. Scale bars: A, B, H=40 um: C, G, I= 12.5um; D, E, 
K=10 um; F. J. L=4 Lum. 
0.015 FIG. 5 is an immunohistochemistry with MC1 in 
other brain regions. Sections of genomic and Alz17 mice 
stained with MC1. (A) Corpus collosum from an 8c mouse 
showing clear axonal staining. (B) Striatum from an 8c 
mouse. As in other brain regions, there is no neuronal cell 
body staining, but dense bands of axons course through the 
striatum. (C) A similar pattern of staining is found in the 
striatum of the Alz17 mouse. (D) The cerebellum of the 8c 
mouse is essentially devoid of MC1 staining. (E) The 
cerebellum of the Alz17 mice show staining of numerous 
processes in the granule cell layer of the cerebellum, and 
essentially no staining in the molecular layer. (F) Very fine 
axonal staining in the spinal cord of the 8c mouse, which is 
difficult to demonstrate in the white matter of the cord. (G) 
Around motor neurons of the cord, a dense network of 
probable axonal processes was clearly evident. (H) In the 
Alz17 mice. Some motor neurons were stained; these were 
less frequent in lumbar regions (not shown). (I) Throughout 
the cord of the Alz17 mouse, large axonal Swellings were 
stained with MC1. Scale bars: 4 um in all panels except D 
and E, where the bar is 12.5um. 
0016 FIG. 6 is an electron microscopy of line 8c. 
Immuno-EM of MC1 stained hippocampus from the 8c line. 
(A) Large pyramidal neurons are unstained, but are Sur 
rounded by numerous stained synaptic structures, some of 
which are arrowed. (B) Higher power views of the pyrami 
dal cell layer show numerous fine stained processes Sur 
rounding the cells. In C, D, and E, higher power views are 
presented of the staining of presynaptic terminals. The arrow 
is positioned in the postsynaptic element, pointing towards 
the synaptic thickening. Scale bars are 1 um in A and B, 0.1 
um in C and D, and 0.2 Lum in E. 
0017 FIG. 7. Electron microscopy of line Alz17. 
Immuno-EM with MC1 in the hippocampus of the Alz17 
mouse. (A-C) Pyramidal cells show dark cytoplasmic stain 
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ing with MC1, although unstained cells are also visible. The 
staining is diffuse in the cytoplasm, with no evidence of 
filamentous staining or bundles of stained filaments. (D) 
Some of the atypical denrites of the pyramidal cells are 
darkly stained, again with no evidence for aggregation of 
staining. Scale bars: 1 um. 
0018 FIG. 8. CP13/AT8 (phospho ser 202) staining in 
hTau (genomic/tau null) mouse hippocampus during devel 
opment (6 weeks, 3 months, 7 months, and 9 months). 
0019 FIG. 9. CP13/AT8 (phospho ser 202) staining in 
hTau mouse cortex during development (6 weeks, 3 months, 
7 months, and 9 months). 
0020 FIG. 10. TG3 (phospho/conformation specific) 
staining in cortex of hTau mice. 
0021 FIG. 11. MC1/Alz50 (conformational specific) 
staining in hTau mouse brainstem. 
0022 FIGS. 12A-D. (A)(B) (C) Cell body filaments. (D) 
Proximal dendrite filaments. 

0023 FIG. 13. Procedure overview. Brains from mice at 
p11-13 (A) are divided into hemispheres (B). Hemibrains 
are sliced into slices at a thickness of approximately 400 um 
either coronally (C) or Sagitally, and three slices are placed 
on a culture medium, in, for example, a 6 well plate (D). 
Slices were transferred to membrane inserts (Millipore; 
Bedford, Mass.) and grown without reperfusion in media 
containing 25% serum, according to a protocol modified 
from Bahr (Bahr et al. 1995). Media is fed from the bottom 
of the culture every 2 days (E). Experimental agents can be 
introduced either through addition to the media, or they can 
be added drop-wise to the surface of the culture. 
0024 FIG. 14. Viability assessment by LDH leak assay. 
LDH level in medium that had been cultured with slices for 
3 hours was compared. LDH levels in medium increased 
immediately after slice preparation, and then quickly 
returned to the control level 2 days after preparation. After 
5-10 days, the slices stabilize and they can be maintained in 
culture for up to 6 months. 
0025 FIGS. 15A-C. Neurons prepared from non-trans 
genic mice (A) failed to show staining with MC1, an 
antibody that recognizes tau in an abnormal conformation, at 
any age studied (up to 24 wiv). Slices from 8c mice 
developed immunoreactive tangles only in the oldest cul 
tures (24 wiv) (data not shown). Slices from P301L and hTau 
mice however, developed MC1 immunoreactive tangles at 
the earliest stage examined (2 wiv). Sections from a 6 week 
old P301L (B) or hTau (C) mouse brain show MC1 immu 
nolabeling in cell bodies and processes in cortical areas 
(magx100). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0026. The invention provides a transgenic rodent com 
prising a tau transgene, e.g., a humanized rodent tau trans 
gene or a human genomic tau transgene, and methods of 
preparing and using the transgenic rodents. The transgenic 
rodents are prepared with an isolated and purified DNA 
sequence encoding tau. The isolated and purified DNA 
sequence which encodes tau may represent native 
sequences, including tau sequences that are not associated 
with any pathology in humans and tau sequences that are 
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associated with pathology in humans, or may represent 
novel sequences, e.g., humanized murine tau sequences. The 
expression of the DNA sequence in the transgenic rodent 
results in tau protein. The transgenic rodents of the invention 
are useful to test agents, e.g., agents that inhibit or prevent 
pathological neurodegeneration, to determine which envi 
ronmental or genetic factors other than tau predispose an 
organism to a dementing disorder, or as a source of tau, e.g., 
to prepare antibodies. 
0027. The invention will be further described by the 
following non-limiting examples. 

EXAMPLE I 

Preparation of Human Genomic Tau Transgenic Mice 
Methods 

0028 Transgene preparation. To isolate the human tau 
gene, three human genomic libraries were screened either by 
PCR using primers to exon 1 or 9 of the human taugene, or 
by hybridization with restriction fragments derived from the 
human cINA clone, p19 (kind gift of G. Lee). The libraries 
had been generated in either a PAC vector (Genome Sys 
tems) or a BAC vector (Genome Systems and Research 
Genetics). A total of eight positive clones were identified. 
Positive clones and human genomic DNA were subjected to 
standard PCR to test for the presence of each exon, and to 
long range PCR using the High Fidelity Expand Kit (Boe 
hiringer Mannheim) and primers spanning introns of the 
human tau gene. DNA from clones and human genomic 
DNA was digested with a range of enzymes and the frag 
ments were separated by Pulsed Field Gel Electrophoresis 
(PFGE) or conventional electrophoresis. Resolved DNA was 
transferred to nylon membrane and hybridized with tau 
specific PCR derived probes. Comparison to human DNA 
showed that two PACs GS 61d06 (#30) and 24i13 (#32) 
and one BAC RG 369n 16 were essentially intact for the 
coding portions of the taugene. The BAC clone, however, 
lacked the non-coding exon, exon 14, and was excluded. 
0029) Linear, exogenous DNA integrates into the mouse 
genome far more efficiently than circular DNA. An attempt 
was made to linearize the transgene, or remove it from the 
vector backbone, by restriction enzyme digestion. A total of 
fifteen enzymes were analyzed (Apal I, AscII, Avril, BsaBI, 
BspHI, BssSI, DraIII, Drd I, NsiI, PacI, PmeI, PspAI, 
Psp1406, Sgr AI, Sses387) but all cut the DNA at multiple 
sites. Only SrfI appeared to cut once within the vector and 
within the gene, but the latter site was within the coding 
region. 

0030 Generation of transgenic mice. Intact, circular PAC 
DNA from clone 32 was purified using KB-100 Magnum 
columns (Genome Systems). DNA was eluted and diluted in 
microinjection buffer containing 10 mM Tris pH 7.4, 0.1 
mM EDTA, pH 8, 100 mM NaCl, 300 uM spermine and 70 
uM spermidine in pyrogen-free distilled water (Gibco 
BRL). DNA at 3-5 ng/ul was injected into fertilized embryos 
from a cross between Swiss Webster female donors and 
B6D2F1 males (Taconic farms). Tail DNA from founder 
pups was digested with restriction enzymes and hybridized 
with exon specific probes, using similarly digested human 
DNA as a control to test for transgene integrity. Positive 
founder pups were expanded onto a Swiss Webster/B6D2F1 
hybrid background. 
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0031 RT PCR analysis of splice isoforms in genomic-tau 
mice and human brain. RNA was isolated from human 
cortex and hemi-brains of transgenic and non-transgenic 
animals (line 8c) using the Trizol reagent (Life Technolo 
gies). To examine the alternate splicing of the microtubule 
binding domain repeat region encoded by exon 10, primers 
were designed that specifically recognized mouse or human 
exons 9 and 11. Primer sequences used were as follows: 
Mouse exon 9F 5N-CACCAAAATCCGGAGAACGA 
(SEQID NO:1), Mouse exon 11R5NCTTTGCTCAGGTC 
CACCGGC (SEQ ID NO:2), Human exon 9F 5N CTC 
CAAAATCAGGGGATCGC (SEQ ID NO:3), Human exon 
11R 5N-CCTTGCTCAGGTCAACTGGT (SEQ ID NO:4). 
Splicing around the N terminal insert domain encoded by 
exons 2 and 3 was assessed using primers that recognized 
exons 1 and 5. Primer sequences used were as follows. 
Mouse exon 1F 5N TCCGCTGTCCTCTTCTGTC (SEQID 
NO:6), Mouse exon 5R 5N TTCTCGTCATTTCCTGTCC 
(SEQ ID NO:7), Human exon 1F 5N-TGAACCAGGATG 
GCTGAGC (SEQ ID NO:8), Human exon 5R 5N, TTGT 
CATCGCTTCCAGTCCRT (SEQ ID NO:9). PCR condi 
tions were 30 cycles of 94° C. for 30 seconds, 62° C. for 30 
seconds and 72° C. for 45 seconds with a final 72° C. 
extension phase for 10 minutes. Mouse and human-specific 
RT-PCR products were analyzed by gel electrophoresis. 
Products corresponding to exon 10+ tau mRNA gave a band 
at 390 bp while products corresponding to exon 10-mRNA 
gave a band at 297 bp. RT-PCR products corresponding to 
tau mRNA with exons 2 and 3 (2+3+) gave a band at 428 bp. 
2+3 mRNA products were 341 bp whereas 2.3 mRNA 
products were 253 bp. 
0032 ELISA assay. Mouse hemi-brains and human cor 
tex samples were Dounce homogenized, at a w/v ratio of 100 
mg/ml, in TBS containing protease and phosphatase inhibi 
tors. The homogenates were centrifuged at 15,000xg for 20 
minutes and the Supernatants recovered, aliquoted and 
stored frozen at -80° C. Supernatants were serially diluted 
and used to coat Maxi-sorb ELISA plates. Samples were 
evaporated to dryness and the plates were blocked in TBS 
containing 5% non-fat, dry milk for 1 hour at room tem 
perature. Anti-tau monoclonals (TG5 for total tau and CP27 
for human tau) were added at 1:20 dilutions, and were 
incubated overnight at 4° C. Plates were washed in TBS 
containing 0.5% Tween 20. Bound anti-tau antibodies were 
detected using goat anti-mouse secondary antibodies 
coupled to HRP. Plates were washed and bound antibodies 
were quantified using ABTS peroxidase substrate (Biorad). 
0033. Immunoblot analysis of heat stable and dephos 
phorylated tau. Mouse hemi-brains and human cortex 
samples were Dounce homogenized on ice, at a w/v ratio of 
100 mg tissue/ml, in 50 mM Tris, pH 7.5, 0.8 M NaCl, 5% 
B-mercaptoethanol. The homogenate was centrifuged at 
15,000xg for 20 minutes. To prepare heat stable tau, the 
supernatant was heated at 95°C. for 10 minutes and cooled 
to room temperature. The heat stable tau prep was then 
heated at 95° C. for 10 minutes and cooled to room tem 
perature. The heat stable tau prep was then dialyzed against 
50 mM Tris pH 7.5, 1 mM EDTA, 0.1 mM PMSF. Tau was 
dephosphorylated by incubating the dialyzed heat stable 
fraction for 1 hour at 37° C. with 13 U/ml of E. coli alkaline 
phosphatase (according to a method described in Goedert et 
al., 1994). Samples were separated on a 10% Tris-Tricine 
gel, then electrophoretically transferred to PVDF membrane 
blocked in PBS containing 5% non-fat, dry milk. Mem 
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branes were probed with the following anti-tau monoclonal 
antibodies: TG5, CP27, CP13 (phosphoserine 202) and 
PHF-1 (phosphoserine 396 and 404). Bound anti-tau anti 
bodies were detected using HRP coupled anti-mouse sec 
ondary antibodies (Southern Biochemicals) and were visu 
alized by enhanced chemiluminescence (Pierce). 
0034) Immunoblot analysis of phospho-epitopes. Mouse 
hemi-brains were Dounce homogenized in TBS (50 mM 
Tris, pH 7.5, 150 mM NaCl) containing protease inhibitors 
(Complete, Boehringer Mannheim) and phosphatase inhibi 
tors (1 mM sodium orthovanadate and 20 mM sodium 
fluoride) at a w/v ratio of 100 mg/ml. Human brain tissue 
was homogenized in the same buffer at the same w/v ratio. 
The homogenate was centrifuged at 75,000xg for 1 hour, at 
4° C. Soluble tau was assessed in the supernatant. Cytosk 
eleton-associated tau was assessed in the pelleted fraction 
resuspended in TBS with 2% SDS. Samples were analyzed 
by immunoblotting. 
0035 Immunohistochemistry. Mice were anesthetized 
with Nembutal and perfused with 4% paraformaldehyde. 
For electron microscopy, 0.2% glutaraldehyde was added. 
Fifty micron thick sections were cut by vibratome in either 
the coronal or Sagittal plane. Immunocytochemistry was 
performed using standard protocols, using diaminobenzi 
dine (DAB) as the chromogen. Sections were stained with 
the monoclonal antibody MC1 (Ikonomovic et al. 1997, 
Jicha et al. 1997, 1999). Sections were post-fixed in 1% 
OsO4, dehydrated in ascending ethanol Solutions, and 
embedded in epon-araldite. Thin sections were examined 
using a JEOL Jem 100 CX electron microscope. 
Results 

Generation of Transgenic Mice 
0036 Genomic mice. Eight tau-positive clones were iso 
lated from the three libraries. Mapping analysis showed that 
only two clones, 30 and 32 from the PAC library contained 
the whole taugene. These PACs were between 200 and 250 
kb and contained all 14 exons, exon -1 and more than 7 kb 
of 5N flanking region, which includes the tau promoter. 
Further mapping in this area was not possible due to lack of 
available sequence data. Restriction maps of these clones in 
general agreed with published data (Andreadis et al. 1991) 
except that the region containing exons 10-14 was contained 
within one EcoRI fragment of >15 Kb and the 3N end (exons 
10-14) is therefore shorter than published. 
0037. Injection of PAC 32 generated 102 pups. Two (lines 
8c and 5d) were positive for the tau transgene, which was 
shown to be un-rearranged within the known coding and 
promoter area by PFGE and conventional gel mapping 
analysis. Subsequent protein analysis confirmed that the tau 
gene was functionally intact as both lines expressed trans 
gene-derived tau at higher levels than endogenous protein. 
Densitometry showed that between 3-5 copies of the tau 
transgene were present in the genome. 

0038. Initial experiments were carried out with F1 and F2 
offspring generated from (SWXB6D2F1) matings to 
founders. Overall, pup viability, adult heath and fecundity 
appear normal, although founder 8c died of unknown causes 
at 8 months of age. Founder 5d was sacrificed at 6 months 
and the oldest remaining transgenics are less than 9 months 
of age. The transgene transmits with Mendelian ratios and 
has shown stable transmission for four generations. 
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0039 4R cDNA mice. Transgenic mice (line Alz17) that 
over-express a single isoform of human tau (tau40) were 
provided by Novartis Pharmaceuticals. Mice used for the 
study were bred on a hybrid background consisting of 
C57/blk6, DBA and Swiss Webster. The transgene consists 
of the human thy-1 promoter directing the expression of the 
longest 4R isoform (exon 10+, 2+, 3+) and contains 115 
nucleotides of 3N UTR. This line is essentially similar to 
that described in Gotz et al. (1995) except that the transgene 
is expressed more uniformly throughout brain neurons and 
the level of tau40 protein is therefore higher. 
0040 RT-PCR analysis of tau transcripts. RT-PCR was 
used to compare splice variants in the brains of transgenic 
mice (lines 8c and 5d) with human brain variants. RT-PCR 
was performed using primers that spanned the alternately 
spliced exons 2, 3 and 10 and which were designed to be 
specific for human or mouse tau and for the identification of 
exon fragments based on their size. Primers that recognize 
exons 1 and 5 were used to distinguish between transcripts 
derived from the endogenous mouse gene, or the human 
transgene that contained one, two or no 5N inserts. In a 
similar way, primers to exons 9 and 11 were used to 
distinguish exon 10+(4R) transcripts from 10 (3R) tran 
Scripts derived from the mouse, or human tau. 
0041 RT-PCR showed that splicing of the human tau 
gene in the mouse is similar to the human brain in that all 
isoforms are represented. Splicing around exons 2 and 3 of 
the mouse and human gene is essentially identical and the 
ratio of 5N splice isoforms is maintained in mouse and 
human brain. Although both exon 10+ and 10 variant 
human RNAS are generated in the transgenic mouse, the 
ratio of these variants is different to the human brain, with 
the transgene-derived exon 10 (3R) variants being more 
highly represented. RT-PCR using mouse specific primers 
shows that the alternative splicing of the endogenous tau 
gene around exons 2, 3 and 10 is unaffected by the presence 
of the transgene as reflected in the relative levels of the 
different mRNA species. 
0.042 ELISA assay. ELISA was used to determine the 
levels of human tau protein in the brains of non-transgenic 
and transgenic mouse lines and human cortex (Table 1). 
0043. The TG5 antibody recognizes both mouse and 
human tau. The data show that when normalized to endog 
enous levels of mouse, tau, line 8c, 5d and Alz17 mice have 
3.7, 2.6 and 1.3 fold more total tau, respectively, than 
non-transgenic mice. Relative to 5d and Alz 17, line 8c has 
1.5 and 4 fold more total tau, respectively. The CP27 
antibody specifically recognizes human tau. ELISA with this 
antibody showed that relative to 5d and Alz 17, line 8c has 
1.4 and 2.8 fold more human tau, respectively. Thus, there 
is a good correlation between the levels of total and human 
tau between the lines. A second antibody that recognizes 
total tau (MN37) gave essentially identical results to TG5. In 
general, normal human cortex contained higher levels of 
human tau per mg total protein than hemi-brain samples 
from line Alz17, 5d or 8c, although the amount of tau in the 
human cortex samples varied widely, most likely due to 
post-mortem degradation. 

0044) Expression of tau isoforms in transgenic mice. To 
compare normal human tau proteins with those made in the 
transgenic mice, brain homogenates from the three trans 
genic lines and human cortex were analyzed by immunob 
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lotting with tau antibodies TG5 and CP27 (FIG. 2). The 
human specific antibody CP27 recognized six tau proteins, 
ranging from 68 to 46 kD in dephosphorylated human cortex 
homogenate. Four major tau bands were clearly observed, 
and two minor bands were seen on longer exposures. These 
bands represent (from lowest to highest molecular weight) 
3R 2-3-, 4R 2-3-, eR 2+3-, 4R 2+3-, eR 2+3+, and 4R 
2+3+ (sizing according to Spillantini et al. 1998). A similar 
pattern of tau proteins was observed in the dephosphorylated 
sample from the Sc and also line 5d. In the 8c homogenate, 
the lowest molecular weight protein (3R 2-3- isoform) was 
the most abundant. This correlates with RT-PCR data that 
shows that the 3R 2-3- transcript is likely the most abun 
dant. All other isoforms were also represented in the 8c line. 
As expected, Alz17 synthesizes large amounts of the single 
human isoform, 4R 2+3+. Collectively, the data indicate that 
both the genomic and cDNA transgenic mice make human 
tau protein, and in the genomic tau mice, the full range of 
human isoforms are represented. 

TABLE 1. 

Amount of tall present in transgenic mice and controls 

Mean amount of Mean amount of 
Tau isoforms total taufmg human taufmg 

Line present protein (SD) protein (SD) 

Non- 4R mouse 0.8 (0.09) 
transgenic 
(n = 4) 
Human cortex All human 5.7 (1.7) 
(n = 5) 
Genomic tau, All human + 4R 2.97 (0.09) 2.55 (0.23) 
8c (n - 3) OSC 
Genomic tau, All human + 4R 2.15 (0.09) 1.67 (0.02) 
5d (n = 3) OSC 
cDNA tau, 4R mouse + 4R 1.07 (0.03) 0.63 (0.07) 
Alz17 (n = 9) human 

0045 Tau phospho-epitope expression. Immunoblots of 
tau proteins in the soluble and pelleted fraction from 8c brain 
lysates were examined for the presence of phospho-epitopes 
using two antibodies, CP13 (serine 202) and PHF-1 (serines 
396, 404) and compared to that in non-transgenic litter 
mates. These blots were compared to identical blots probed 
with phospho-independent antibodies that recognize human 
tau (CP27) and total mouse+human tau (TG5). The majority 
of tau in the 8c mouse is present in the soluble fraction (lane 
A1), but a small amount is retained in the pellet fraction 
(lane A2), most likely as microtubule-associated tau. Extrac 
tion with sarcosyl removed the tau from the pellet, Suggest 
ing that appreciable levels of insoluble tau are not present in 
the brain. TG5 recognized both human and mouse tau. 
Phosphorylated tau epitopes recognized by both CP13 
(analogous to AT8) and PHF-1 were more abundant in line 
8c, Suggesting that human tau is phosphorylated at these 
sites in the transgenic mouse brain, although it is not 
possible to determine at this stage if they are hyperphos 
phorylated. 
0046 Distribution of human tau in the brains of trans 
genic mice. The distribution of human tau in genomic tau 
mice compared to the 4R Alz17 line showed an overlapping, 
but distinctly different pattern, as visualized using the MC1 
antibody. Line 8c (and to a lesser extent line 5d) showed 
intense staining in neuronal processes throughout the cortex 
and hippocampal formation. At higher power, the staining 
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appeared to be punctate and to ring cell bodies suggesting a 
synaptic pattern of staining. The Alz17 line showed the same 
general pattern of tau distribution, but in contrast, showed 
strong somatodendritic staining which was particularly 
obvious in the pyramidal and granule layer neurons, and to 
a lesser extent in cortical neurons. 

0047 Tau immunoreactivity was seen in both grey and 
white matter indicating clear axonal staining which was 
particularly evident in the 8c mouse (FIG. 5a). Regions such 
as the striatum, had a similar distribution of human tau in 8c 
and Alz17 mouse brain. Other regions, notably the cerebel 
lum and spinal cord were less similar. The cerebellum of the 
8c mouse was devoid of staining whereas some staining was 
seen in granule cell layer processes in the Alz17 mouse. In 
8c mice, very fine axonal processes in white matter of the 
spinal cord were faintly stained, but motor neuron cell body 
staining was not seen. In contrast, the Alz17 mouse showed 
Some staining of motor neuron cell bodies in the cord, and 
also the presence of tau-immunoreactive Swellings. These 
Swellings also stained positively with antibodies to neu 
rofilaments, confirming their axonal character. The presence 
of abnormal structures in the spinal cords of these mice 
correlated with the development of a hind-limb clasping 
phenotype that could be observed when both hemizygous 
and homozygous Alz17 mice were picked up by the tail. This 
phenotype was especially obvious in mice between 6-12 
months of age. No motor abnormalities or abnormal pathol 
ogy has been observed in the spinal cords of 8c or 5d mice 
up to 8 months of age. 
0.048 Immuno EM using MC1 showed that in 8c mice, 
neuronal cell bodies in cortex and hippocampus were 
unstained but were surrounded by numerous stained synap 
tic structures. Human tau was localized both in neurites and 
at Synaptic terminals. In Alz17 mice, human tau was found 
in the cytoplasm and neurites of many cells, although some 
cells remained unstained. Cytoplasmic staining was diffuse 
with no evidence of filamentous staining or bundles of 
stained filaments. Overt aggregation of the tau was also 
absent in darkly stained apical dendrites. In the Alz 17 mice, 
tau was not found in Synaptic structures. 
Discussion 

0049. The biology of tau and its contribution to human 
neurodegenerative disease can be explored in transgenic 
mouse models that express different human tau isoforms. As 
described hereinabove, transgenic mice were prepared that 
over-express a human tau genomic transgene and several 
differences were noted between genomic human tau trans 
genic mice and mice over-expressing a single isoform of the 
longest human tau protein. 
0050 Analysis of splice variants in the genomic mouse 
lines 8c and 5d shows that mice are capable of making all six 
isoforms of human tau and that the cis-activating splice 
regulators in the human taugene that govern splicing events 
around exons 2, 3 and 10 are functional in mouse (Grover et 
al. 1999). Although all six isoforms are generated in the 
mouse, it is interesting to note that the ratio of 3:4 repeat 
human tau derived from the human gene differs as relatively 
more 3-repeat containing human tau is present in mouse 
brain compared to human. The reason for this shift is 
unknown, but it is likely to be a carefully regulated mecha 
nism as both positive and negative trans-acting factors 
regulate exon 10 alternative splicing in humans (D’Souza et 
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al. 1999). At the protein level, all isoforms are represented, 
but the 3 repeat isoforms (3R2-3- especially), are more 
abundant than in human brain, which confirms that the ratio 
of mRNA splice variants in the transgenic mice is main 
tained after translation. Overall, the representation of human 
tau isoforms in mouse brain tissue is very similar to that seen 
in human brain except that 3R tau is more abundant. 

0051. The MC1 antibody recognizes an epitope of tau 
that was isolated from human AD brain, and it is specific for 
human tau in an abnormal conformation (Ikonomoviet al., 
1997, Jicha et al., 1997, 1999). MC1 recognizes the human 
tau in all the transgenic lines studied Suggesting that over 
expression of normal tau isoforms leads to a conformation 
change in the derived tau protein. Although it is likely that 
the conformational change that allows us to visualize the 
human tau in the transgenic mice is a fortuitous artifact of 
over-expression, it is also possible that pathogenic tau is 
forming in the mice, and general MC1 immunoreactivity 
reflects an early stage that has perhaps not been identified in 
post-mortem brain tissue from patients with late-stage dis 
ease. A second antibody, TG3, is also specific for tau in AD 
brain (Jicha et al. 1997), but at the ages studied, this antibody 
was negative in the transgenic mouse brain. Other antibodies 
(e.g., PHF-1, CP13/AT8, and TG5) also recognize endog 
enous mouse tau and are not informative by immunohis 
tochemistry. 

0.052 Mice such as Alz17 that have elevated human 4R 
tau could be considered a model for FTPD-17 where splice 
site mutations shift the normal 1:1 ratio of 3:4 repeat tau in 
favor of more 4R tau (Spillantini et al. 1998, Hong et al. 
1998, Godert et al. 1999). As these mutations are associated 
with neurodegeneration and dementia, mice with elevated 
4R tau could also be expected to develop a degenerative 
phenotype. Although detailed cell counts were not per 
formed, there is no overt neurodegeneration in the Alz17 
lines up to 18 months of age. However, both Alz17 mice and 
another 4 repeat cDNA mouse (J. Turner, pers. commun.) 
display a subtle hind-limb clasping phenotype when picked 
up by the tail. Examination of spinal cord from Alz17 
showed the presence of abnormal tau and neurofilament 
immunoreactive axonal Swellings in transgenic, but not in 
age-matched non-transgenic mice. A few abnormal sphe 
roids were also visualized in other regions of the brain but 
they were immunoreactive only with anti-neurofilament 
antibodies and not with MC1. The abundance of tau con 
taining spheroids in the spinal cord Suggests that this region 
might be particularly sensitive to tau abnormalities which is 
perhaps significant given the association of spinal cord 
pathology and amyotrophy with some tauopathies (Lynch et 
al. 1994, Spillantini et al. 1997, Zhou et al. 1998). 

0053. In comparison to the cDNA mice, hind-limb clasp 
ing and spinal cord abnormalities were not observed in the 
genomic mice at ages up to eight months (oldest age 
studied). However, Alz17 mice differ from the genomic lines 
in several respects; they have greatly elevated levels of 4R, 
3+2+tau, they show disrupted neurofilament staining, the 
level of tau immunoreactivity in the spinal cord is higher 
than in the genomic mice and they show somatodendritic 
distribution of the human tau protein in many neurons. The 
influence of background strain on the phenotype in Alz17 
mice is not considered to be significant however as Alz17 
mice crossed onto the genomic line background (Swiss 
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Webster/B6/DBA) show essentially the same phenotype as 
parental strain Alz17 mice (C57/blk6). 
0054 Somatodendritic staining has been shown in sev 
eral lines of tau cDNA mice, which include a different 4R, 
2+3+ line (Gotz et al. 1995) and a 3R, 2-3- line (Brion et 
al. 1999) but was not observed in the genomic mice. One 
possible difference between the cDNA mice and genomic 
lines is the inclusion of a longer 3N UTR sequence in the 
latter as sequences in the 3N UTR have been shown to affect 
cellular distribution of tau in the rat (Behar et al. 1995, 
Aranda-Abreu 1999). As changes in tau distribution from 
axonal to somatodendritic are one of the early features in AD 
tau-pathogenesis (Braak et al. 1993; Kosik et al. 1989), the 
presence of tau in the abnormal (somatodendritic) com 
partment in some cDNA mice may either enhance the utility 
of the model, or may obscure essential pathogenic trafficking 
events. Thus, mouse lines with different tau transgenes will 
be useful to study the biology of tau in Vivo, and to generate 
Suitable animals for disease modeling. 

EXAMPLE II 

Characterization of a Mouse Line That Expresses Only 
Human Isoforms of Tau 

0.055 Tau is a microtubule associated protein (MAP) that 
is enriched in neurons. The microtubule binding domain of 
tau is composed of either three or four variable repeats (3R 
or 4R) depending on the presence or absence of exon 10. Tau 
in adult mouse is exclusively 4R, whereas tau in normal 
human brain is a balance of 3R and 4R. The ratio of 3R to 
4R is shifted in Some neurodegenerative diseases, including 
Fronto-Temporal Dementia and Parkinsonism linked to 
Chromosome 17. In the process of tangle formation, tau is 
abnormally hyperphosphorylated, re-localizes from the axon 
to the neuronal cell body, aggregates into filaments and 
ultimately into neurofibrillary tangles. Changes in tau dis 
tribution from axonal to somatodendritic are one of the early 
features of the tauopathy associated with Alzheimer's dis 
CaSC. 

0056. A transgenic mouse line that expresses only human 
isoforms of tau has been generated by mating a mouse that 
expresses all isoforms of human tau (8c) in addition to 
mouse tau (Example I) with a knockout mouse that does not 
express mouse tau. These mice (hTau mice) show somato 
dendritic staining of some neurons with MC1, an antibody 
specific for tau in an abnormal conformation. The 8c mouse 
also showed reactivity with MC1, but staining was diffuse 
and limited to axons. 

0057. As hTau mice show an accumulation of abnormal 
tau in the cell bodies and dendrites of neurons in the 
hippocampus, neocortex and brainstem by 3 months, which 
increases with age, tau in hTau mice is reactive with 
antibodies that are specific to phosphorylation and confor 
mation changes associated with Alzheimer's disease, includ 
ing: phosphorylation at S202 and T231, and the MC1 
conformation (FIGS. 8-11), and insoluble filamentous tau 
accumulates in the dendrites of hippocampal neurons in 
these mice, hTau mice recapitulate many of the early events 
in tangle formation associated with Alzheimer's disease. 
0.058 Moreover, while other groups have generated 
transgenic mice that develop tangles, all of those mice 
expressed mutant tau and/or did not develop the spatio 
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temporal distribution of tangles characteristic of disease. In 
contrast, the results presented herein, including the finding 
that tau can become filamentous and deposited in the 
absence of mutation, Suggest that the tau pathology observed 
in the hTau mice is the result of an altered ratio of tau 
isoforms, and that this could also be significant for the 
development of tau pathology in Alzheimer's disease. 

EXAMPLE III 

Organotypic Slice Cultures from Transgenic Mice as Dis 
ease Model Systems 
0059 For most researchers, the cost of maintaining trans 
genic mice and Screening drugs in them is prohibitively 
high, and competition for cage space limits their availability 
in animal facilities. Alternatives to whole animal models 
include the use of cells transfected with the gene of interest, 
or the use of primary cultures or organotypic slices from 
relevant transgenic mice. The creation of a transfected cell 
model involves the choice of one type of cell to be either 
stably or transiently transfected with the DNA encoding the 
protein of choice. The cell type chosen is usually of one kind 
(neuronal, astroglial, etc.), and prior to transfection, the cell 
has been immortalized through the introduction of the 
Epstein Barr virus. Expression vectors often use promoters 
(such as that derived from CMV) that lead to high levels of 
constitutive expression, which can overload cellular machin 
ery leading to inappropriate trafficking or metabolism of the 
target protein or other cellular processes. Despite these 
drawbacks, transfected cells have been used successfully for 
decades to investigate the function of new proteins although 
reported data is often later identified as artifactual. 
0060. The use of primary cultures has recently become 
more popular. Primary cultures usually consist of mixed cell 
populations derived from homogenization of fetal tissue. 
Primary cells can grow in culture for a limited time, and 
often the cultures become overgrown with cells of one type, 
especially glia. They can, however, be prepared from spe 
cific areas, for example the brain cortex which may be 
important if the function of the protein of interest is region 
ally regulated. If the tissue is derived from a transgenic 
mouse, further manipulation of the cells to express the 
protein of interest is not required, but some of the same 
problems caused by over-expression artifacts apply to cul 
tures of cells from transgenic mice as for transfected cells. 
Often though, the promoter used in a transgenic does not 
express at Such a high level as those used in the most 
frequently used expression vectors. Also, if the mice have 
been genetically engineered by targeting to generate a 
knock-in or knock-out mouse, overexpression artifacts are 
not an issue. Transfection of primary cultured cells is very 
difficult, so primary cultures from nontransgenic mice are 
usually used for cell biology studies. Despite their advan 
tages over transfected cells, mixed primary cultures still do 
not model the intact adult brain well as cells are maintained 
as a monolayer, connections between cells have been dis 
rupted, and components such as the vascular system are 
missing. 

0061 The most physiologically relevant ex vivo model 
system is obtained through the creation of organotypic slice 
cultures. Organotypic cultures provide a unique system in 
which to examine integrated brain physiology including 
synaptogenesis, or cell dysfunction, death or pathology 
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development linked to aging or simulated pathogenic con 
ditions. Long-term slice cultures from the hippocampus are 
particularly valuable in this regard as they retain the mecha 
nisms responsible for synaptic plasticity (e.g., long-term 
potentiation) and responsiveness to pathological insults 
(e.g., excitotoxicity) (for a review see Bahr 1995). Slices can 
be prepared from the second postnatal week of development, 
and they display a number of relatively mature features that 
continue to develop and be maintained over Succeeding 
weeks to months. 

Use of Ex Vivo Slices to Study the Pathogenesis of Tau 
opathy. 
0062 Mouse models. Transgenic mouse models overex 
pressing tau transgenes have been created. Mice over 
expressing a mutant tau transgene (line P301L) develop 
pretangles and AD-type tangles mainly in hindbrain and 
spinal cord (Lewis et al. 2000). Transgenic mice over 
expressing the human, wild type genomic sequence of tau 
(line 8c) do not develop pretangles, but show a normal 
distribution of the six isoforms of tau in axons throughout 
the body, and in the periphery (Duff et al. 2000). Mice 
expressing the genomic sequence were crossed to a tau 
knockout line to generate a mouse with human tau only (line 
hTau). These mice initially have the same tau distribution as 
the parental 8c line (i.e., axonal), but by 12 weeks of age, the 
distribution has shifted to somatodendritic distribution that 
resembles the earliest stages of AD tauopathy (see chapter 
by Davies et al. for complete description). 
0063 Preparation of slices and assessment of viability. 
Slice cultures were prepared from four lines of transgenic 
mice: non transgenic, tau 8c, hTau and P301L. Eighteen 
400-um thick slices were obtained from each hemi brain, 
i.e., two 6-well plates of complete consecutive slices (3 
slices/well) were obtained from one mouse brain at p11-13 
days of age. Slices were transferred to membrane inserts 
(Millipore; Bedford, Mass.) and grown without reperfusion 
in media containing 25% serum, according to a protocol 
modified from Bahr (Bahr et al. 1995). Media is fed from the 
bottom of the culture every 2 days. Experimental agents can 
be introduced either through addition to the media, or they 
can be added drop-wise to the surface of the culture (FIG. 
13). Immediately after preparation, slices are white, but 
within 14 days, they had turned from white to transparent. 
Brain weight from each hemi brain at p11 is 103-10 mg 
(meaniSD, n=6). 
0064. LDH is a stable cytoplasmic enzyme present in all 
cells that is rapidly released into the culture medium upon 
damage of the plasma membrane, thus LDH leak to the 
medium is a marker for cell damage. LDH level in medium 
that had been cultured with slices for 3 hours was compared. 
LDH levels in medium increased immediately after slice 
preparation, and then quickly returned to the control level 2 
days after preparation (FIG. 14). MTT converts to formazan, 
which gives a purple coloration in living cells. Almost the 
entire (95%) transparent slice from p11-13 day old slices 
changed to purple after incubation with MTT. Slices from 
older mice were prepared, but the colored area represented 
only 60%, 20% and <10% of slices cultured from 6 week 
old, 9 week-old and 6 month-old mice, respectively. Once 
slices from 2 week-old mice had changed to transparent, 
they could be maintained for up to 6 months in culture. 
0065 Formation of abnormal tau in slices. Slices were 
removed from culture at 2 week intervals after the two week 
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stabilization period. Slices from P301L and 8c mice were 
initially examined at 4 weeks in vitro (wiv), then at 6, 8, 10. 
16 and 24 wiv. Slices from hTau mice were examined at 4 
and 16 wiv. Slices were removed from membranes and fixed 
in 4% PFA. They were then immunolabelled by standard 
immunohistochemical procedures. Antibodies used included 
MC1 (Jicha et al. 1997) which recognizes tau in an abnormal 
conformation usually associated with AD tangles. Neurons 
prepared from non-transgenic mice failed to show staining 
with MC1 at any age studied (up to 24 wiv) (FIG. 15A). 
Slices from 8c mice developed immunoreactive tangles only 
in the oldest cultures (24 wiv) (data not shown). Slices from 
P301L and htau mice however, developed MC1 immunore 
active tangles at the earliest stage examined (2 wiv). FIGS. 
15B-C). P301L slices did not appear to develop more 
pathology with longer culture times, but immunoreactive 
neuron numbers in htau cultures did appear to increase 
progressively in the early weeks of culture. Immunoreactive 
neurons were represented throughout the cortex. Both the 
cell bodies and processes of neurons were immunolabelled, 
and neurons of all types (uni, bi and multipolar) were 
represented. 

0066 Use of slices in drug studies. As slice cultures 
retain many of the features of the intact brain, they have 
potential as model systems for the testing of agents predicted 
to exacerbate, or ameliorate disease pathology. It should be 
remembered, however, that ex vivo conditions are very 
stressful to living cells regardless of whether they are 
immortalized, transfected cells, primary cultures or organo 
typic slices. Culturing slices induces the activation of 
numerous pathways including the immune and inflamma 
tory response, and stress responses including abnormal 
phosphorylation of a variety of proteins. Thus, the action of 
exogenous agents will be in addition to stimuli already 
active on cellular processes, which may confound results. 
The greatest utility for slice cultures so far is in evoking 
pathology Such as amyloid formation in APP over-express 
ing mouse slices (data not shown), tau pre-tangle type 
pathology in slices from tau transgenic mice (as shown in 
FIG. 15), and Lewy body type pathology in slices from 
a-synuclein over-expressing mouse slices (data not shown). 
Tau slices are currently being examined to determine how 
potentially pathogenic agents, such as overactive kinases, or 
possible therapeutic agents, such as kinase inhibitors, may 
be used to study pathogenic pathways that lead to tauopathy. 

CONCLUSION 

0067. Organotypic slice cultures have been prepared 
from the brains of transgenic mouse models of AD-type 
pathology. Cell types within the slice undergo differentiation 
and slices can be maintained in culture for up to 6 months 
when prepared from young neonates. Slices have been 
prepared from mice over-expressing genes of relevance to 
Alzheimer's disease including mutant or wild type tau. 
Neurons in these slices develop pretangles that are immu 
noreactive for a number of markers of abnormal tau. Orga 
notypic slice models are currently being used to test the 
impact of tangle enhancers or inhibitors as a prescreen for 
efficacy before testing drugs in vivo. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 9 

<210> SEQ ID NO 1 
&2 11s LENGTH 20 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 1 

caccaaaatc cq gagaacga 

<210> SEQ ID NO 2 
&2 11s LENGTH 20 
&212> TYPE DNA 
<213> ORGANISM: Mus musculus 

<400 SEQUENCE: 2 

citttgcticag gtccaccggc 

<210> SEQ ID NO 3 
&2 11s LENGTH 20 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 3 

May 24, 2007 

0099 Reed LA, Grabowski TJ, Schmidt M. L. Morris J 
C. Goate A, Solodkin A, Van Hoesen G. W. Schelper RL, 
Talbot C J, Wragg M A. Trojanowski J. Q. Autosomal 
dominant dementia with widespread neurofibrillary 
tangles, Ann Neurol., 42:564-72 (1997). 

0100 Spillantini MG, Crowther R A, Goedert M (1996) 
Comparison of the neurofibrillary pathology in Alzhe 
imer's disease and familial presenile dementia with 
tangles, Acta Neuropathol (Berl): 92:42-8 

0101 Spillantini M G, Goedert M. Crowther RA, Mur 
rell JR, Farlow MR, Ghetti B., Familial multiple system 
tauopathy with presenile dementia, a disease with abun 
dant neuronal and glial tau filaments, Proc. Natl. Acad. 
Sci. USA., 94:4113-8 (1997). 

0102 Spillantini MG, Goedert M., Tau protein pathology 
in neurodegenerative diseases, Trends Neurosci. 21:428 
33 (1998). 

0103 Spillantini MG, Murrell J. R. Goedert M. Farlow M 
R. Klug A, Ghetti B. Mutation in the taugene in familial 
multiple system tauopathy with presenile dementia, Proc. 
Natl. Acad. Sci. USA, 95:7737-41 (1998). 

0104 Zhou L, Miller B L, McDaniel C H. Kelly L. Kim 
O J. Miller C A Frontotemporal dementia, neuropil sphe 
roids and presynaptic terminal degeneration, Ann Neurol, 
44:99-109 (1998). 

0105 All publications, patents and patent applications 
are incorporated herein by reference. While in the foregoing 
specification, this invention has been described in relation to 
certain preferred embodiments thereof, and many details 
have been set forth for purposes of illustration, it will be 
apparent to those skilled in the art that the invention is 
susceptible to additional embodiments and that certain of the 
details herein may be varied considerably without departing 
from the basic principles of the invention. 



US 2007/01 1891S A1 
11 

May 24, 2007 

-continued 

citccaaaatc aggggatcgc 

SEQ ID NO 4 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 4 

ccittgctdag gtcaactggit 

<210 SEQ ID NO 5 

<400 SEQUENCE: 5 

OOO 

SEQ ID NO 6 
LENGTH 19 
TYPE DNA 
ORGANISM: Mus musculus 

<400 SEQUENCE: 6 

to cqctgtcc tottctgtc 

SEQ ID NO 7 
LENGTH 19 
TYPE DNA 
ORGANISM: Mus musculus 

<400 SEQUENCE: 7 

ttctogtoat titcctgtcc 

SEQ ID NO 8 
LENGTH 19 
TYPE DNA 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 8 

tgaaccagga tiggctgagc 

SEQ ID NO 9 
LENGTH 21 
TYPE DNA 

ORGANISM: Homo sapiens 

<400 SEQUENCE: 9 

ttgtcatc.gc titccagtccr t 

What is claimed is: 

1. A transgenic mouse, the genome of the cells of which 
stably comprise a DNA molecule which comprises a human 
genomic DNA sequence comprising a human tau promoter 
and which DNA sequence encodes human tau, wherein the 
DNA sequence is expressed in the transgenic mouse so as to 
result in the transgenic mouse expressing six isoforms of 
human tau, wherein the transgenic mouse does not express 
endogenous murine tau, wherein the DNA sequence com 
prises one Srfl restriction site in the human tau coding 
region, and wherein the transgenic mouse accumulates fila 
mentous tau in dendrites of hippocampal neurons. 

20 

20 

19 

19 

19 

21 

2. The transgenic mouse of claim 1 which develops 
abnormal spinal cord pathology. 

3. The transgenic mouse of claim 1 which has motor 
abnormalities. 

4. The transgenic mouse of claim 1 wherein the human 
genomic DNA sequence comprises at least one alteration. 

5. The transgenic mouse of claim 4 wherein the alteration 
comprises at least one mutation. 

6. The transgenic mouse of claim 4 wherein the alteration 
comprises at least one insertion or at least one deletion. 

7. The transgenic mouse of claim 1 which has a dementing 
disorder or a neurodegenerative disorder. 
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8. A transgenic mouse, the genome of the cells of which 
stably comprise a DNA molecule which comprises a human 
genomic DNA sequence comprising a human tau promoter 
and which DNA sequence encodes human tau, wherein the 
DNA sequence is expressed in the transgenic mouse so as to 
result in the transgenic mouse expressing six isoforms of 
human tau, wherein the DNA sequence comprises one SrfI 
restriction site in the human tau coding region, and wherein 
the ratio of the six isoforms is altered in the transgenic 
mouse relative to the ratio in humans. 

9. Progeny of the transgenic mouse of claim 1 or 8. 
10. A method for expression of human tau in a mouse, 

comprising preparing the transgenic mouse of claim 1 or 8. 
11. The method of claim 10 wherein the human genomic 

DNA sequence comprises at least one alteration. 
12. The method of claim 10 wherein the alteration com 

prises at least one insertion or at least one deletion. 
13. The method of claim 10 wherein the alteration is 

associated with a dementing disorder. 
14. The method of claim 10 wherein the alteration is 

associated a neurodegenerative disorder. 
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15. A method of using a transgenic mouse which 
expresses human tau to screen for an agent that reduces or 
inhibits a neurodegenerative disorder, comprising: 

(a) administering the agent to the transgenic mouse of 
claim 1; and 

(b) determining whether the agent reduces or inhibits a 
neurodegenerative disorder in the transgenic mouse 
relative to a transgenic mouse of claim 1 which has not 
been administered the agent. 

16. A method to screen for an agent that reduces or 
inhibits abnormal tau formation, comprising: 

(a) administering the agent to an organotypic slice culture 
comprising cells obtained from the brain of the trans 
genic mouse of claim 1; and 

(b) determining whether the agent reduces or inhibits 
abnormal tau formation in the organotypic slice culture 
relative to an organotypic slice culture which has not 
been administered the agent or a corresponding orga 
notypic slice culture comprising cells obtained from the 
brain of the transgenic mouse of claim 8. 
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