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Abstract

By crossing Huntington's disease (HD) R6/1 transgenic mice

with `tissue' transglutaminase (TG2) knock-out mice, we have

demonstrated that this multifunctional enzyme plays an

important role in the neuronal death characterising this

disorder in vivo. In fact, a large reduction in cell death is

observed in R6/1, TG27/7 compared with R6/1 transgenic

mice. In addition, we have shown that the formation of

neuronal intranuclear inclusions (NII) is potentiated in

absence of the `tissue' transglutaminase. These phenomena

are paralleled by a significant improvement both in motor

performancesandsurvival ofR6/1, TG27/7versusR6/1mice.

Taken together these findings suggest an important role for

tissue transglutaminase in the regulation of neuronal cell

death occurring in Huntington's disease.
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Introduction

Transglutaminases catalyze Ca2+-dependent reactions in

which the g-carboxamide groups of peptide-bound glutamine

residues serve as acyl donors and primary amino groups of

several compounds function as acceptor substrates.1,2 The

reaction results in post-translational modification of proteins

by establishing e(g-glutamyl)lysine or N,N-bis(g-glutamyl)po-

lyamine crosslinks. TG-dependent formation of covalent

crosslinking determines protein polymerisation, conferring

resistance to mechanical breakage and chemical attack to the

polymers.2

`Tissue' transglutaminase (TG2; E.C. 2.3.2.13) is one of

the few genes specifically induced during physiological cell

death.2 Its overexpression leads to a higher incidence of

cell death in various mammalian cell lines, as TG2

transfected clones show a marked priming for induction of

cell death,1,3,4 Conversely, transfection of various cell lines

with an expression vector containing a segment of the

human TG2 cDNA in antisense orientation resulted in a

decrease in both spontaneous and induced death4,5.

It has also been demonstrated that TG2 may act as the

Gah subunit of the GTP-binding protein Gh, in a ternary

complex with a 50 kDa subunit (Gah), associated with the

rat liver a1-adrenergic receptor.6 Thus, TG2/Gah is a

multifunctional protein, which by binding GTP in a GahGTP

complex, can shift its activity from cross-linking to receptor-

mediated signalling, involving phospholipase-C (PLC)

activation.6

Huntington's disease (HD) is a progressive autosomal

dominant neurodegenerative disorder, resulting from the

expansion of a trinucleotide (CAG) repeats (beyond 35 ± 40

residues) in the coding region of huntingtin (htt).7 This

event results in an exceedingly high number of contiguous

glutamine residues in the translated protein, which gains a

new function toxic for neurons. The disease is charac-

terised by the formation of misfolded ubiquitinated protein

aggregates (neuronal intranuclear inclusions, NII), contain-

ing all or part of the mutant htt.8 These protein inclusions

have predominantly been detected in the nucleus, but may

also be observed in the cytoplasm of striatal and cortical

neurons.8 Several reports suggest that in vitro aggregation

may occur both through polar zippers formation and/or

protein cross-linking catalysed by TG2.9,10 Recent studies

showed that TG2 does not interact with mutant huntingtin in

cellular models and it is not involved in the assembly of

NIIs,11 but despite these in vitro indications, no in vivo

evidence for either models was so far obtained.

The aim of this study was to investigate the role of TG2

in vivo, both in the formation of NIIs and in the onset of the

neuronal death at the basis of Huntington's pathogenesis.

Results and Discussion

TG2 is the predominant TGase in mouse brain

In order to elucidate the role of TG2 in Huntington's disease,

we generated a novel animal model by crossing the R6/1

strain transgenic for exon 1 of huntingtin, carrying 116 (CAG)

repeats, the disease onset of which is observed at about 16
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weeks (Figure 1a,b),12 with a TG2 knock-out strain13 (Figure

1a,c,d). Initially, we studied the effect of the TG2 ablation on

the weight loss characterizing HD pathogenesis (Figure 1e).

The deletion of TG2 led to significant amelioration in weight

loss which is particularly evident at 25 weeks of age (P50.01

ANOVA test; P50.05 post hoc test). A tendency to reduced

weight loss was also detected in the brains of R6/1,TG27/7

mice when compared with those of R6/1 transgenic animals

Figure 1 Characterisation of HD R6/1,TG7/7 mice. (a) Genomic DNA PCR analyses: presence of htt exon 1 transgene12 and TG2 gene disruption.13 Lane 1: R6/
1. Lane 2: wild-type Lane 3: R6/1, TG27/7. Lane 4: TG27/7. Lane 5: R6/1, TG27/7. Lane 6, molecular markers (marker V, ROCHE). (b) Western blot analysis
showing the expression of htt exon 1 in full brain homogenates (n=5). No major differences were detectable between R6/1 and R6/1, TG27/7 mice. Lane 1: R6/1.
Lane 2: R6/1, TG27/7. Lane 3: TG27/7. Lane 4: wild-type. Lower panel shows b-actin levels. (c) Western blot analysis showing the expression of TG2 in total
brain homogenates (n=4). Lane 1: wild-type; Lane 2: R6/1; Lane 3: TG2+/7; Lane 4: R6/1, TG2+/7; Lane 5: TG2 7/7; Lane 6: R6/1, TG27/7. (d), Western blot
analysis showing the expression of TG2 in neocortex and striatum brain homogenates (n=5). Lane 1: wild-type striatum; Lane 2: wild-type cortex; Lane 3: R6/1
striatum; Lane 4: R6/1 cortex; Lane 5: TG27/7 striatum; Lane 6: TG27/7 cortex; Lane 7: R6/1, TG27/7 striatum; Lane 8: R6/1, TG27/7 cortex. (e), Histogram
showing the mice body weights. R6/1, TG27/7 mice show a less severe loss of weight when compared to R6/1 animals (n=15; 30 weeks-old) ANOVA showed
significant effect of genotype (F (5/29): 1145 733, P50.01). Post-hoc comparisons (Tukey HSD) indicated a significant effect of genotype(P50.05). (f) Histogram
showing brain weights. A less pronounced loss of weight was detectable in R6/1, TG27/7 mice when compared to R6/1 ones (n=15; 30 week-old). ANOVA showed
significant effect of genotype (F (5/29): 66 910, P50.01). Post-hoc comparisons (Tukey HSD) indicated a significant effect of genotype (P50.05)
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(Figure 1f). No statistically significant differences were

observed both in total body and brain weight in the R6/1

when compared with R6/1, TG2+/7 mice (Figure 1e,f).

In order to study the relative contribution of TG2 activity

with the other TGases in mouse brain, we compared the

TGase activity in brains of wild-type, TG27/7, R6/1 and R6/

1,TG27/7 mice both in the presence and absence of GTP,

which specifically inhibits TG2 activity. Data reported in

Figure 2a indicate that TG2 is the predominant TGase

active in the brain. In fact, its ablation leads to an almost

complete inhibition of activity in vitro detected as GTP-

dependent putrescine incorporation into casein (Figure 2a).

In order to verify whether this effect could also be observed

in vivo, we compared the levels of the e(g-glutamyl)lysine

cross-links in the insoluble fraction of TG27/7 mice brains

with those detected in wild-type and in R6/1 transgenic

animals (Figure 2b).14 By using this approach we detected

that the htt transgene expression induces a marked

increase in the e(g-glutamyl)lysine bond levels compared

to controls, thus indicating that the accumulation of

polyglutamine tracts stimulate the TG2 cross-linking activity

in vivo. It is important to note that this increase is not

detectable by measuring TGase activity in vitro (compare

Figure 2a versus b) since this increase in the levels of

cross-links is due to the activation of the enzyme activity in

situ and not to increased TG2 protein levels as shown in

Figure 1c,d. In keeping with these findings, the depletion of

TG2 in HD transgenic mice results in a drastic reduction in

e(g-glutamyl)lysine bond levels (Figure 2b). The drastic

decrease (10-fold) in the isodipeptide levels observed in the

R6/1, TG27/7 mouse brain (Figure 2b), also evidenced by

the profound modification of the TG substrates pattern in

mouse brain (Figure 2c), provides the first in vivo evidence

of the predominant role played by TG2 among the various

transglutaminases in mouse brain, as well as the absence

of compensation in TG27/7 mice.

TG2 ablation might, indeed, lead to an accumulation of

its substrates. In absence of TG2, the number of proteins

which might act as acyl donors in the transamidating

reaction drastically decreases (Figure 2c), thus demonstrat-

ing a strict TG2 specificity for some transglutaminases

substrates.

Finally, several evidences show that mutated huntingtin

is a TG2 substrate in vitro.15 Since mutant htt is a

predominant component of NII, the significant increase of

aggregates in absence of TG2 (Figure 3c) might well reflect

a substrate accumulation (Figure 2c).

Consistent with these data, it has recently been shown

that e(g-glutamyl)lysine isodipeptide levels significantly

increase in the cerebrospinal fluid of HD patients.16

TG2 ablation leads to an increased number of NIIs
in vivo

To verify the TG2 involvement in NII formation in vivo, we

evaluated the occurrence of NIIs in R6/1 versusR6/1,TG27/7

neocortex and striatum. The inclusions were revealed both on

toluidine blue-stained semithin sections (Figure 3a) and on

paraffin sections processed for ubiquitin immunolocalization

(Figure 3b), in order to be sure that no difference in NII

Figure 2 In vivo and in vitro detection of TGase activity in wild-type, R6/
1,TG+/+ and R6/1,TG7/7 mice. (a) TGases activity detection in vitro. The
presence of the transgene does not significantly increase the levels of activity
measured by supplying exogenous substrates, whereas in TG27/7 and R6/
1,TG27/7 genotypes the expected drastic reduction was observed. When
0.5 mM GTP was added, no activity was detected. Each column represents the
mean+S.D. of triplicate measurements in duplicate of total brain homo-
genates obtained from 25 week-old animals. (b) HPLC analysis of e(g-
glutamyl)lysine bonds levels in the detergent-insoluble fraction of 25-week-old
mouse brains (n=3). Data are statistically significant (P50.005, Student's t-
test) when compared to wild-type mice. (c) Western blot analysis of total TG
substrate proteins. Aliquots of 25-week-old mouse brain homogenates were
incubated with a TG biotinylated pansubstrate (5-(biotinamido)pentylamine,
EZ-Link, Pierce) at 378C for 1 h and biotinyl-substrates were revealed by HRP-
streptavidin (Amersham)
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ubiquitination occurred in the absence of TG2. Interestingly,

ablation of TG2 does not prevent NII assembly (Figure 3c); by

contrast, we observed a statistically significant increase

(30%) in the NII in R6/1 versus R6/1, TG27/7 brains (Figure

3c; TG27/7 mice do not show any NII in the brain, data not

shown). Indeed, it is surprising that such increase is

associated to clinical amelioration. Nevertheless, several

evidences show that NII formation is not correlated with cell

death and, more over, it has been hypothesised a protective

role for aggregates.17,18 Our results provide an in vivo

evidence in the direction of these findings, which also indicate

that TG2 crosslinking of the mutated htt is not directly involved

in NII assembly in vivo and suggest a complex role for TG2 in

the regulation of the assembly of large nuclear protein

complexes. The regulation of this phenomenon might also

be determined by the inactivation of the TG2/Gah receptor-

mediated signalling pathway and/or TG2 integrin-binding

adhesion functions.6,19

TG2 ablation reduces cell death in HD R6/1
transgenic mice

TG2 gene induction characterises cells undergoing cell death

in either physiological and experimental settings.1,34 In

keeping with these findings, we investigated whether TG2

ablation affects neuronal death levels in R6/1 versus R6/1,

TG27/7 mice. In previous studies, both other groups20 and

our own,21 have described the cell death in the cortex and

striatum of R6/1 transgenic mice as being characterised by

the appearance of condensed neurons not displaying the

classical apoptotic features (Figure 4a). In order to gain further

insight on the type of cell death involved in HD pathogenesis

as well as to verify whether TG2 ablation could cause

alteration in the cell death type, we ultrastructurally char-

acterised neuronal death, in cortical and striatal brain regions,

in animals expressing the mutated htt transgene both in the

presence and absence of TG2. Independently of the age (18

and 25 weeks) or the genotype (R6/1 or R6/1, TG27/7) of the

animals analysed, the cytoplasm of suffering neurons showed

numerous lysosomes and dilated endoplasmic reticulum

(Figure 4b). This finding, which was not detected in normal

mouse brain, suggests the involvement of autophagy in HD. In

keeping with this hypothesis, mutated htt has been demon-

strated to stimulate autophagy in cellular models.22 To

investigate whether TG2 is involved in the formation of these

`abnormal' cells in vivo, we evaluated their levels in R6/1

versus R6/1, TG27/7 neocortex and striatum (Figure 4c).

Results showed a dramatic reduction (60 ± 70%) in the

number of these condensed suffering cells in both brain

regions of R6/1, TG27/7, as compared to htt transgenic

animals (Figure 4c). In a subsequent set of experiments we

monitored the expression of calbindin D-28K (Figure 4d,e), a

biochemical marker of neuronal viability,23 both on total brain

(Figure 4d), as well as in neocortex and striatum (Figure 4e).

Noteworthy, we detected that the reduction in the calbindin D-

28K protein levels observed in the R6/1 mouse strain,

indicating a neuronal cell loss, was much less pronounced

in R6/1, TG27/7 mouse brains. These data indicate that the

ablation of TG2 ameliorates the neurodegenerative process

observed in HD mice and suggest that the TG2-dependent

changes observed in the condensed suffering neurons are

associated with neurodegeneration.

TG2 ablation prolongs survival and improves
motor performances in HD R6/1 mice

It is relevant to note that the significant reduction in

neurodegeneration observed in R6/1, TG7/7 mice leads to

Figure 3 TG2 ablation leads to an increased number of NIIs in vivo. (a) Epon
embedded, toluidine blue-stained semithin section from 25-week old R6/1
mouse showing neurons in the primary motor cortex. Aggregates appear as
white spots in the neuronal nuclei (arrows) (5006). (b) Ubiquitin
immunohistochemistry showing red stained NIIs in R6/1,TG27/7 25 week-
old mouse striatum. (c) Percentage of NIIs detected in the striatum of R6/1,
R6/1,TG2+/7 and R6/1,TG27/7 mice (n=3). It is important to note that
TG27/7 mice do not show any NIIs in the brain regions. Immunohistochem-
istry was performed at different ages, using an anti-ubiquitin antibody (clone
FPM1, Ylem) (2006). ANOVA showed significant effect of genotype (F (2/12):
66.91, P50.05). Post-hoc comparisons (Tukey HSD) indicated a significant
effect of genotype (P50.05)
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Figure 4 TG2 is an effector element of neuronal cell death in vivo. (a) Progressive condensation of striatal neurons as detected in semithin sections obtained from
R6/1 mice. London Resin White (LWR) embedded, toluidine blue-stained semithin section. Healthy neuron, displaying a clear cytoplasm and a euchromatic
nucleus.1 Abnormal neurons at different stages of condensation2 ± 4 (7006). (b) Electron micrographs of a condensed neuron from a 25 week-old R6/1 mouse
striatum, showing dilated smooth ER membranes (double-arrowhead) in the cytoplasm; an intranuclear inclusion is visible (asterisk) near a nucleolus (nu)
(12 0006). (c) Percentage of `abnormal' cells in R6/1, R6/1,TG2+/7 and R6/1,TG27/7 mice (n=4), at various ages. A total number of 20 600 cells were examined.
Data are statistically significant (P50.01, Student's t-test) when compared to their respective controls (R6/1). (d) Western blot analysis of calbindin D-28k levels in
25-week-old mice (n=3) was carried out on 25 mg of total brain extracts by using CL-300 monoclonal antibody (SIGMA). Lower panel, loading controls revealed by b-
actin polyclonal antibody (A2066, SIGMA). The histogram shows the intensity of calbindin D-28k signal when normalised with that derived from b-actin (n=4,
P50,01, Student's t-test). From left to right: Lane 1: wild-type; Lane 2: R6/1; Lane 3: TG27/7; Lane 4: R6/1, TG27/7. (e) Western blot analysis of calbindin D-28k
levels in 25-week-old mice (n=4) was carried out on 25 mg of neocortex and striatum extracts by using CL-300 monoclonal antibody (SIGMA). Lower panel, loading
controls revealed by b-actin polyclonal antibody (A2066, SIGMA). From left to right: Lane 1: wild-type; Lane 2: R6/1; Lane 3: TG27/7; Lane 4: R6/1, TG2. From left
to right: Lane 1: wild-type striatum; Lane 2: wild-type cortex; Lane 3: R6/1 striatum; Lane 4: R6/1 cortex; Lane 5: TG27/7 striatum; Lane 6: TG27/7 cortex; Lane 7:
R6/1, TG27/7 striatum; Lane 8: R6/1, TG27/7 cortex. (f) Life span was analyzed in the wild-type, R6/1 and R6/1,TG27/7 animals (n=7) of the same age. The
animals were maintained in the same conditions of lightning, temperature and feeding
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major differences both in the symptoms and survival of these

animals. In fact, while all the R6/1 died after 360+8 days, R6/

1, TG27/7 died at 416+8 days of age, with a significant

increase of about 12% of their life span (P50.01 Student's t-

test) (Figure 4f). It is well known that Huntington's disease

symptoms are characterised by chorea and thus alteration of

motor functions, which can be monitored in animal models by

the rotarod test.24 A significant amelioration in the motor

behaviour of the R6/1,TG27/7 mice paralleled the improve-

ment in the overall survival, thus indicating that TG2 is a major

biochemical effector element of the cell death programme

leading to HD-associated neurodegeneration. In fact R6/

1,TG27/7 mice were able to stay on the rota rod for a

significantly longer time period in comparison with R6/1

animals (at week-30: R6/1=3.5 s R6/1,TG27/7=9.8 s). An

improvement in motor behaviour, weight loss and life span

have been very recently reported in a similar HD transgenic

mouse model (R6/2) by using a putative pan-TGases inhibitor

cystamine.25

Taken together our findings indicate that TG2 is the most

relevant protein crosslinking enzyme among the various

members of the transglutaminase family expressed in

mouse brains. In addition, we showed, for the first time in

vivo, that the TG2 plays a central complex role in the

neurodegeneration process characterising HD pathogen-

esis. It is very likely that TG2 acts quite early in course of

HD pathogenesis, as indicated by the reduced number of

`abnormal' cells detected at 18 weeks of age in HD mice

lacking TG2. Furthermore, the fact that an increased level

of NIIs is associated with a general improvement of the

Huntington's disease transgenic mice favours the hypoth-

esis that aggregate formation acts as protective event

preventing and/or delaying neuronal cell death onset.

Finally, the amelioration of both symptoms and survival,

observed in R6/1, TG27/7 mice together with the notion

that identical effects are obtained by treating a different HD

mouse model (R6/2) with cystamine,25 indicates that the

inhibition of this enzyme may be a novel approach for

therapy of diseases caused by accumulation of polygluta-

mine repeats, including Huntington's disease.

Materials and Methods

Animals

All animals were housed and handled according to guidelines

proposed by the Society of Neuroscience and the Italian National

Research Council. Heterozygous R6/1 mice of the CBAxC57BL/6

strain were purchased by the Jackson laboratories and maintained by

crossing carrier males with C57BL/6 females (eight backcross when

mated with TG mice). Heterozygous TG2+/7 mice of the

SWJ129xC57BL/6 strain were back-crossed five times with C57BL/6

mates. TG2+/7 mice were then subsequently crossed to generate

knock-out individuals. To generate the R6/1, TG2 colony, carrier R6/1

males were mated with TG27/7 females. R6/1, TG2+/7 mice were

then crossed with TG2+/7 animals to generate both R6/1,TG27/7 ,

R6/1,TG2+/7 and R6/1,TG2+/+ littermates. Of the three lines

generated by different founders no major differences were detected.

Before experiments mice were deeply anaesthetised with tribro-

moethanol (Avertin; 0.2 ml of 1.25% solution/10 g of body weight)

before being rapidly killed by transcardial perfusion with the fixative

solution in order to prepare the samples for microscopy, or killed by

cervical dislocation for biochemical analysis.

Transglutaminase activity assay

Brains from the various mice analyzed (25 weeks old), were washed

extensively with phosphate buffered saline (PBS without Ca2+ and

Mg2+) and homogenised in 0.1 M Tris-HCl, pH 7.5, containing 0.25 M

sucrose, 0.5 mM EDTA, 1 mM PMSF. TGase activity was measured

by detecting the incorporation of (3H)putrescine into N,N'-dimethylca-

sein as previously described.4 Protein concentration was determined

using bovine serum albumin as standard.4

Western blot analysis

Mice were deeply anaesthetised and sacrificed. Brains were extracted

immediately and dissected under a Zeiss ZSO stereomicroscope.

Striatum and full cortex were isolated. Tissues were homogenised in

sucrose 250 mM, Tris HCl pH 7.4 20 mM and EDTA 1 mM and

protease inhibitors (Complete, EDTA free, ROCHE). Fifty mg of crude

homogenate were separated on 12% SDS-polyacrilammide gel and

transferred to nitrocellulose membrane. Membranes were probed with

monoclonal mouse antibody specific for TG2 (AB3, CUB7402+TG100,

Neomarkers-1 : 1000), monoclonal mouse antibody specific for

calbindinD-28k (CL-300, SIGMA-1 : 1500), monoclonal mouse anti-

body specific for polyglutamine tracts (1C2, Euromedex-1 : 25 000) and

polyclonal specific for b-actin (A2066, SIGMA-1 : 2000). The signals

were detected with Supersignal (PIERCE) and the intensity of the

bands measured and normalised with the NIH Image 1.62 programme.

Western blot analysis of total TGases substrate
proteins

Aliquots of 25-week-old mice brain homogenates (10 mg) were

incubated with a TG biotinylated pansubstrate (5-(biotinamido)penty-

lamine, EZ-Link, Pierce) at 378C for 1 h (Tris-HCl pH 8.3 150 mM,

CaCl2 15 mM, NaCl 90 mM, DTT 30 mM, EZ-Link 30 mM). Control

reaction was performed in presence of EDTA 30 mM. Biotinyl-

substrates (100 mg) were purified and analyzed by Western blot

analysis, revealed by HRP-streptavidin (Amersham-1 : 1000).

Analysis of e(g-glutamyl)lysine isodipeptide levels

Fresh brain homogenates were centrifuged at 800 g, 48C for 15 min.

The pellet was resuspended in sucrose 0.33 M, Tris-HCl 0.2 M pH 7.5

and centrifuged at 1000 g, 48C for 15 min. Subsequently, the pellet

was resuspended in Triton X-100 1%, deoxycholic acid (DOC) 0.25%,

guanidine 8 M and centrifuged at 4000 g, 48C, for 15 min. Following

three washes with distilled water the levels of e(g-glutamyl)lysine

bonds levels in each sample were evaluated by HPLC as previously

described.14

Light microscopy and immunohistochemistry

Mice were perfused at room temperature with phosphate-buffered

saline pH 7.3, followed by 4% freshly depolymerised paraformalde-

hyde in 0.1 M phosphate buffer, pH 7.3. The brains were removed 1 h

after perfusion. Brains were dehydrated and paraffin embedded

following standard procedure and saggital sections cut on a microtome

(Leitz) at 6 mm. Immunohistochemical staining was performed using

monoclonal mouse antibody specific for ubiquitin (clone FPM1,

YLEM). Incubations with the primary antibody were carried out in a
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wet chamber overnight at 48C. A biotinylated goat anti-mouse IgG was

used as secondary antibody, followed by a preformed strept-avidin-

horseradish peroxidase complex (BioGenex, USA). The reaction was

developed using aminoethylcarbazole (AEC), (CRL, USA) as

chromogen substrate and 0.01% H2O2. Endogenous peroxidase

activity was blocked by methanol-H2O2.

Electron microscopy

After perfusion, saggital brain sections were cut on a Vibratome at

40 mm and collected in phosphate-buffered saline pH 7.3. Slices were

post-fixed in 1% OsO4 in 0.1 M phosphate buffer, rinsed in water,

dehydrated, and flat embedded in Epon. Selected areas were then

remounted on Epon blanks and sectioned on a Reichert Ultracut S

ultramicrotome. Semithin sections were stained with tolouidine blue

and photographed using a Axioplan 2 Zeiss light microscope. Ultrathin

sections were briefly contrasted with uranyl acetate and lead citrate

and photographed in a Philips CM120 electron microscope. For LR

White embedding, corpus striatum and hippocampus were isolated

from brains and cut in smaller pieces. Samples were rinsed in buffer,

partially dehydrated (up to 95% alcohol), and embedded in London

Resin White (LR White, Agar Scientific Ltd., Stanted, UK). Tissue

blocks were cut on a Reichert Ultracut S ultramicrotome, ultra-thin

sections were contrasted with uranyl acetate and lead citrate and

photographed in a Philips CM120 electron microscope.

Statistical analysis

Cell counting was performed on blind-coded slides by three

independent individuals. data are presented as mean+S.D. The

statistical significance of the body weight, brain weight, NII number

and latency to fall data were carried out by ANOVA and post hoc test

(Turkey HSD). All other data significance was assessed with Student's

t-test.

Blue tolouidine stained semithin sections from corpus striatum and

hippocampus of R6/1, R6/1, TG2+/7, R6/1, TG27/7 and wild type

mice (n=6) were examined using a Axioplan 2 Zeiss light microscope,

at low-to-high magnifications. Different embedding blocks were

analyzed, and for each block a minimum of 100 cells were observed.

The percentage of `abnormal' cells versus the total cell number was

evaluated considering as altered those neurons showing high

condensation and strong nuclear basophylia. Cells showing mild

shrinkage and nuclear staining were classified separately. A total of

20 600 cells were counted.

The percentage of cells containing intranuclear inclusions in the

striatum of R6/1, R6/1,TG2+/7, R6/1,TG27/7 animals (n=6) was

evaluated on immunohistochemical sections, using a set of three

slides for each mouse and a Zeiss Axioskop 20 connected to a JVC

video system with a counting frame on the monitor. For each slide, 10

fields within the striatum, were analyzed. A total number of 10 400 cells

were counted.

Intranuclear inclusions were also counted with the same criteria on

blue tolouidine stained semithin sections using a Axioplan 2 Zeiss light

microscope, at low-to-high magnifications. Since NII are similar in size

with nucleoli and each cell contains two nucleoli, the number of cells

showing intranuclear inclusion was compared with that derived from

cells showing nucleolus.
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