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Aggregation of Huntingtin in Neuronal 
lntranuclear inclusions and Dystrophic 

Neurites in Brain 
Marian DiFiglia," Ellen Sapp, Kathryn 0. Chase, 

Stephen W. Davies, Gillian P. Bates, 
J. P. Vonsattel, Neil Aronin 

The cause of neurodegeneration in Huntington's disease (HD) is unknown. Patients with 
HD have an expanded NH,-terminal polyglutamine region in huntingtin. An NH,-terminal 
fragment of mutant huntingtin was localized to neuronal intranuclear inclusions (Nlls) and 
dystrophic neurites (DNs) in the HD cortex and striatum, which are affected in HD, and 
polyglutamine length influenced the extent of huntingtin accumulation in these struc- 
tures. Ubiquitin was also found in Nlls and DNs, which suggests that abnormal huntingtin 
is targeted for proteolysis but is resistant to removal. The aggregation of mutant hun- 
tingtin may be part of the pathogenic mechanism in HD. 

T h e  pathology of HD is marked by a pref- 
erentlal loss of neurons in the striatu~n and 
cortex (1) .  The genetlc mutation IS an un- 
stable and expanded CAG repeat 111 the 
gene that encodes huntingtin (2) .  Larger 
polyglutamtne expansions in hulltlngti~l are 
associated with earlier onset and increased 
severity of the disease (3). Because mutant 
huntingtin is expressed throughout the 
brain in HD (4), its ~nvolvement 111 selec- 
tive cell death in the strlaturn and cortex is 
unclear. 

Two pathogenic processes have been 
suggested as the basls for neurodegenera- 

M D I F I ~ I I ~  E S a m  J P Vonsattel De~ariment of Neu- 
rology.~Massachusetts General Hospital, Boston. MA 
021 14, USA 
S. W Daves. Depariment of Anatomy and Deveopmen- 
t a  B~ology. Un~versity College London, Gower Street, 
London WCI  E, 6BT. UK 
G P Bates. D v s o n  of Medcal and Molecular Genetcs. 
UMDS Guy's Hosptal, London SEl 7E H, UK 
K. 0. Chase, N Aronin, Departments of Medlc~ne and 
Cell Boogy,  Unversty of Massachusetts Medcal Cen- 
ter. Worcester. MA 01 655. USA. 

=To whom correspondence should be addressed 

tion in HD. One process involves interac- 
tion of mutant huntingtin with other pro- 
tetlls to produce a change of f~lnction. 
Alternatively, mutant hunttngtin might 
homodimer~ie (5) or heterodltneriie (6) to 
build large, poorly soluble protein aggre- 
gates. Proteins that interact more avidly 
with NH2-terminal products of lnutant 
h u n t ~ n g t ~ n  than with wild-type have been 
~dentified but are found throuehout the " 

bran  wlth 110 preferentlal distribution in 
those regions affected in HD (7). Analysis 
of the HD bran  (8) with an antlseruln 
that recogni:es an internal reglon of hun- 
tlngtln in wild-type and lnutant proteins 
showed that the subcellular d is t r lb~~t io l~  of 
huntinetin in the cyto~lasm of neurons - , A 

was ab~~ormal ,  but the contribution of mu- 
tant hunti~lgti~l  to these changes was LIII- 
clear. In a recent study of HD transgenic 
mice expressing an NH,-terminal mutant 
huntingtin fragment with 115 to 156 glu- 
tamine repeats, we found that lntraneuro- 
nal nuclear inclusions reactive to NH2- 
terminal antiserum to huntingtin devel- 
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oped in the brain (9). 
We therefore tested the hypothesis that 

abnormal aggregates of the NH2-terminal 
region of the HD protein accumulate se- 
lectively in neurons that degenerate in 
HD. We analyzed immunohistochemistry 
in postmortem brain tissue from controls 
(n = 5) and from HD patients with juve- 
nile (n = 3) and adult onset (n = 6) HD 
(10). We used an antiserum to huntingtin 
(Ab 1) raised against an NH2-terminal 
epitope of huntingtin amino acids 1 to 17, 
which are proximal to its polyglutamine 
region, and compared these results with 
those obtained with an antiserum directed 
to an internal site at amino acids 585 to 
725 in huntingtin (Ab 585) (11). Ab 1 
has been characterized in biochemical and 
immunohistochemical studies of human 
and rodent brains (4, 11 ) and in immuno- 
blots it detects wild-type and mutant hun- 
tingtins in HD brain (4). In neurons of the 
HD cortex, Ab 1 produced intense label- 
ing for huntingtin localized to neuronal 
intranuclear inclusions (hNIIs; Fig. 1A). 
hNIIs were positioned variably throughout 
the nucleus, adjacent to (Fig. 1B) or dis- 
tant from the nucleolus (Fig. 1C). They 
were significantly larger (P < 0.0001; n = 
65; mean = 7.1 ? 3.0) than the nucleolus 
(mean = 4.0 + 1.6) in mean cross-sec- 
tional area. Compared with the nucleolus, 
which filled 0.8 to 18% of the cross-sec- 
tional area of the nucleus, hNIIs in about 
30% of neurons covered 20 to 45% of 
nuclear cross-sectional area (Fig. 2B). 
Analysis of the ratios of the major and 
minor axes of hNIIs (n = 245) revealed 
that about 55% were spherical, 30% were 
ovoid, and 15% were elliptical (12). One 
hNII per cell was most common but two or 
three per neuron were also seen in 5 to 7% 
of labeled neurons (Fig. 1C). Neurons 
with hNIIs were detected in all cortical 
layers and were more frequent in juvenile 
patients (38 to 52% of total neurons) than 
in adult patients (3 to 6% of total neu- 
rons) (Fig. 2A). They were not found in 
the cortex of adult patient A4, who was 
positive for the HD allele but presymp- 
tomatic at the time of death. 

hNIIs were also seen in medium-sized 
neurons in the striatum (Fig. ID) but were 
not present in neurons of the HD globus 
pallidus or cerebellum. hNIIs were absent in 
the cortex, striatum, and other areas in 
brains of controls. 

We found intense staining in extracel- 
lular structures that had a morphology 
consistent with dystrophic neurites 
(hDNs) (Fig. 1E). hDNs were present pre- 
dominantly in cortical layers 5 and 6, 
where they were distributed unevenly in 
patches of neuropil and sometimes aligned 
in linear arrays reminiscent of processes. 

Fig. 1. Huntingin immunoreact~ty in hNlls and 
hDNs in HD brain. (A) Cortex of jwenile patient 
J13 shows numerous hNlls prominently stained. 
(B and C) Cortical pyramidal neurons in jwenile 
patient J12 shown with Nomarski optics contain 
one (B) and two (C) hNlls. The nucleolus in each 
cell is unlabeled. (D) Striatal neurons with hNlls in 
jwenile patient J11. (E and F) hDNs in the cortex 
of adult HD patient A1 2 (E) and presymptomatic 
adult patient A4 (F), who had the HD gene. (0) 
Cortical neurons stained with Ab 585 show stain- 
ing in cytoplasm but not in Nlls. A, bar = 50 pm; 
6 4 ,  bars = 10 wm. 

They were spherical or slightly ovoid and 
occasionally had thin extensions. Double 
labeling for huntingtin and neurofilament 
protein (1 0) showed that hDNs were con- 
tained within or continuous with neuro- 
filament labeled axonal processes (Fig. 
2C). hDNs had a mean length of 5.0 + 1.7 
pm (n = 256) and the largest were 10 to 
12 pm. They were more prevalent in the 
cortex of patients with adult onset than in 
juvenile-onset patients (Fig. 2A). Some 
hDNs were detected in layer 6 cortex of 
the presymptomatic adult patient A4 (Fig. 
IF). hDNs were seen in the HD striatum 
of adult and juvenile patients but they 
were absent from control brains. 

Immunohistochemical analysis with 
Ab 585 showed labeling of the cytoplasm 
of neurons in control and HD brains (Fig. 
1G) (8) but no staining of NIIs and DNs 
in neurons of the HD cortex (Fig. lG),. 
striatum, globus pallidus, or cerebellum. 
Altogether, the results suggested that the 

C Percent nuclear area 

Huntinqtin Neurofllament 

Fig. 2 Analysis of hNlls and hDNs in HD cortex. (A) 
Frequencies of hNlls 0 and hDNs rn dier in 
juveniles and adults. Two other adult HD patients 
had results qualiiatiily similar to those of the adult 
patients presented here. (B) Percent of nuclear 
cross-sectional area occupied by hNll(0) and nu- 
cleolus is compared in HD cortical neurons. (C) 
Double-label immunofluorescence shows hDN (ar- 
rows) positioned within a neurofilament labeled ax- 
onal process. 

hN11s and hDNs recognized by NH2-ter- 
minal antibody Ab 1 contained a cleaved 
fragment of mutant huntingtin not seen 
with Ab 585 (1 3). To further explore this 
idea, we examined nuclear extracts from 
the cortex of controls and juvenile HD 
patients by Western blot analysis (14). As 
expected in the controls, full-length hun- 
tingtin, which migrates at about 350 kD, 
was present in total protein extracts but 
not the nuclear fractions, consistent with 
the absence of nuclear localization of full- 
length huntingtin. A prominent band mi- 
grating at about 40 kD in total protein 
homogenates and in soluble nuclear ex- 
tracts was detected in the HD cortex but 
not in the control cortex (Fig. 3). Togeth- 
er, our immunoblot and immunohisto- 
chemical data suggest that an NH2-termi- 
nal fragment of mutant huntingtin trans- 
locates to the nucleus and contributes to 
the formation of NIIs (15). 

Recent observations have shown that 
huntingtin can be cleaved in its NH2- 
terminal region by apopain, a cysteine pro- 
tease involved in ubiquitin-dependent 
proteolysis, and that the rate of cleavage 
increases with the length of the polyglu- 
tamine tract of huntingtin (16). Because 
the NH2-terminus of mutant huntingtin is 
a substrate for apopain (1 6) and is ubiqui- 
tinated in lymphocytes (1 7) and because 
DNs containing ubiquitin have been ob- 
served in the HD cortex (18), we specu- 
lated that NIIs and DNs in HD cortical 
tissue would be detected with ubiquitin 
antiserum. We found NIIs (Fig. 4, A and 
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B) and DNs (Fig. 4, C and D) with ubiq- 
uitin immunoreactivity in the HD cortex. 
Double-labeling for ubiquitin and hun- 
tingtin in the same section showed that 
the proteins were colocalized in NIIs and 
DNs (Fig. 4E). The frequency of ubiq- 
uitin-positive NIIs and DNs was directly 
proportional to the frequency of hNIIs and 
hDNs in adjacent brain sections from the 
same HD patients (Fig. 4F). However, 
there were usuallv fewer NIIs and DNs 

rim of cytoplasm surrounded the aggregate 
and contained an accumulation of or- 
ganelles, especially mitochondria (Fig. 
5B). A granulofilamentous consistency 
has also been noted in nuclear inclusions 
identified in biopsy tissue from the HD 
cortex and striatum (20) and in cortical 
neurons of the HD transgenic mouse (9) as 
well as for ubiquitin-positive DNs of the 
HD cortex (18). Thus, based on ultra- 
structure the same mechanism mav be in- 

labeled with ubiquitin than with hunting- volved in the accumulation of 'mutant 
tin (19). These results demonstrate that huntinetin in NIIs and DNs (21 1. . . 
the mutant huntingtin aggregates in NIIs 
and DNs are ubiquitinated. Consistent 
with this finding are observations in HD 
transgenic mice that show the nascent 
nuclear inclusions contain huntingtin and 
ubiquitin immunoreactivity (9). 

Electron microscopic study showed 
that hNIIs were highly heterogeneous in 
composition and contained a mixture of 
granules, straight and tortuous filaments, 
and masses of parallel and randomly ori- 
ented fibrils (Fig. 5, A, C, and D). There 
was no membrane separating the hNII 
from the surrounding nucleoplasm. hDNs 
identified at the ultrastructural level con- 
tained labeled granules and filaments. A 

, . 
Thevpresence of hNIIs in symptomatic 

HD patients and their absence in a pre- 
symptomatic adult favors the idea that 
hNIIs are closely linked to the onset of the 
disease. In accordance with the patient 
data, transgenic mice develop nuclear in- 
clusions in the cortex and striatum (and in 
some other regions) just before the appear- 
ance of a neurological HD-like phenotype 
(9). The prevalence of hDNs in deep lay- 
ers of cortex correlates with meater neu- " 
rodegeneration in these layers (22), and 
their appearance in a presymptomatic 
adult suggests that they precede clinical 
onset. We found hDNs associated with 
neurofilament-positive axonal fibers, 

Fig. 3. Westem blot .of huntimin in control and C1 C8 C18 C19 J6 J11 -J12 513 
~~cortexanaIyzedwith~~,-t;?rminal~bl.FuIl- ko T N T N T N T N T N T N  - T N  T N  
length wild-type huntingtin in controls (Cl, C8, r we.- * - - 
~ 1 8 ,  and C19) and wild-type and mutant hunt- 71- 

ingtins in juvenile HD patients (J6, J11, J12, and 
4, E -  

J13) migrate at about 350 kD (small arrow) in total 32 E -  

protein homogenates (T). A fragment of about 40 Huntingtln 
kD (large arrow) is present in total protein homog- 

69- 
enates (T) and soluble nuclear extracts (N) of HD a- - - 4 0  

patients but not in controls. lmmunoreactive a-Tubu~fn 
bands < 40 kD in the HD brain may be degraded 
products of the 40-kD fragment, other NH2-terminal fragments of huntingtin with different sites of 
cleavaae. or a fraament of wild-tme huntinatin. The nuclear fractions of ~atients J11 and J12 contain a 
small &bunt of 611-sized mutani huntingti; which suggests that uncle& mutant huntingtin may also 
translocate to the nucleus. Isolation of nuclear ~roteins seDarate from cvtoDhsmic Droteins is shown by 
the absence of a-tubulin in soluble nuclear extracts. ~ol&ular mass mariers are'& the left. 
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Fig. 4. Ubiquitin and huntingtin immunoreact~vity in Nlls and 
DNs in the HD cortex. (A and B) Ubiquitin-labeled pyramidal 
cells show one large and two small Nlls, respectively. (C and D) Large ubiquitin-positive DNs are 
shown, including one with a characteristic tail-like process. Bar = 10 pm. (E) Confocal immunoflu- 
orescence microscopy shows colocalization of huntingtin and ubiquitin in a NII (arrows, top) and in a 
D N  (bottom). (F) Comparison of the frequency of Nlls and DNs, respectively, with huntingtin (0) and 
ubiquitin (m) based on analysis of adjacent stained sections. Number of ubiquitin-labeled Nlls and 
DNs is directly proportional to but less frequent than the number with huntingtin in most HD patients. 

which agrees with evidence that DNs are 
distended axon terminals (23). The 
marked difference in occurrence of NIIs 
and DNs in juvenile and adult HD pa- 
tients suggests that CAG repeat number 
influences development of these neuro- 
pathological features, which might ac- 
count for the distinct clinical phenotypes 
of these two groups of patients (24). The 
shared features of other neurodegenerative 
diseases with CAG ex~ansions and HD 
(25) suggest that the formation of nuclear 
inclusions and DNs mav be a common 
pathogenic pathway. 

Because brain regions affected in HD 
contained hNIIs and hDNs, the formation 
of these structures is directly implicated in 
HD pathogenesis. The irreversible aggre- 
gation of mutant huntingtin in one of the 
ways recently proposed (5, 6) would pre- 
vent its removal from cells. Neuronal dys- 
function could arise because the aggre- 
gates physically interfere with the normal 
activities of the neuron or bind to and 
render inactive other polyglutamine-en- 
riched  rotei ins such as transcri~tion fac- 
tors in RNA synthesis or other );untingtin 
interacting proteins important for cell sur- 
vival (7, 26). The presence of ubiquitin in 
NIIs and DNs suggests that both structures 
are targets for ubiquitin-dependent prote- 
olysis (27), although the less frequent oc- 
currence of ubiquitin than of mutant hunt- 

Fig. 5. Electron microscopy of hNlls and hDNs in 
the HD cortex with immunoperoxidase labeling. 
(A) hNll in a cortical neuron appears as a dense, 
aggregate with no limiting membrane separating it 
from the nucleoplasm. (B) hDN contains an aggre- 
gate of immunoreact've granules and filaments, 
which is surrounded by a rim of cytoplasm where 
mitochondria are accumulated. (C) Higher magni- 
fication of NII in (A) shows the presence of labeled 
granules and filaments within the inclusion. (D) 
Serial section of hNll in (A) and (C) shows fibrils 
organized in random and parallel arrays. Bars = 
1 .o pm. 
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ingtin suggests that ubiquitin-dependent 
proteolysis is i~lcornplete (28). Therapeutic 
approaches that inhibit aggregation of inu- 
tant huntingtin or increase the efficiency of 
its ubiquitin-dependent proteolysis may be 
helpful in the treatment of HD. 
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ned. Postmortem intervals were 8 to 24 hours for 
controls and 12 to 48 hours for HD patents. Mean 
age at the time of death was 68 years for controls, 
63 years for adult HD patients, and 15 years for 
juvene HD patients. T~ssue from another adult pa- 
tient (A4, age 32) had the HD allele but was pre- 
symptomatic at the time of death. The HD patents 
were evaluated for the extent of neuropathology in 
the stratum by using the grading system of J. P. 
Vonsattel et a/. [J. Neuropathoi. Exp. Neurol. 44, 
599 (1 98511 and a seres of paraffn-embedded sec- 
t~ons (7 p,m thck) stained with hematoxyn and 
eosin. The juveniles were assigned grades 3 and 4 
and the adults were grades 2 and 3, with grade 1 
being least severe and grade 4 beng most severe. 
No grading system exsts for the cortex. The num- 
ber of CAG repeats In the HD allele was dent~fied 
as 69 In J l  I, >70 n J12, 65 In J13, and 42 n A4 
and A1 2. Frozen tissue for CAG repeat determina- 
tion was not available for the other HD patients. 
lmmunoperoxidase labeling for Ight and electron 
microscopy was performed as described for hun- 
tng tn  local~zation in human bran (8, 7 1). In brief, 
frozen sectons were cut (40 pm thick; incubated in 
5% normal goat serum (NGS), 1% bovne serum 
abumn (BSA), 0,2%Trton X-100, and 1% H20? in 
PBS; and then incubated in Ab 1 at a concentraton 
of 1 p,g/m n 5% NGS and 1 % BSA for 40 hours at 
4%. Controls included omisson of the prmary an- 
ibody and preadsorpton with 50 pg of NH2-term- 
nal peptde. Staning was absent under these con- 

ditions For double-abe immunofluorescence mi- 
croscopy, tissues were treated with antiserum to 
huntngtin n combinaton with either monoclonal 
antbody to u b q u t n  (Chemcon) or monoclonal an- 
tiserum to neurof~lament (SM1312: Sternberger 
Monoclonals, lnc) Secondary antsera were rabbit 
BODIPY fluorescein (Molecular Probes, nc. )  and 
mouse Cy 5 (Jackson ImmunoResearch, Inc ).  The 
double-staned sections were examned In a Bio- 
Rad 1024 laser confocal mcroscope. For analyss 
of ultrastructure, some ~mmunoperox~dase-labeled 
sections were embedded in Epon and thin sections 
were cut on an ultram~crotome, mounted on form- 
var-coated slot grds, and examined in a JEOL 100 
CX electron microscope. An antibody to ubiquitin 
(Dako; d u t o n  1 :500) was also used to label some 
sectons. A seres of slides, from the salne control 
and HD patents, stained w~th Ab 585 (9) was also 
available. 

11. M. DlF~gl~a et a/., Neuron 14, 1075 (1 995); P. G. 
Bhde et a/., J. Neurosci. 16. 5523 ( I  996). 

12. To determine the frequency of neurons vu'lth h N s ,  
we vewed noncounterstaned tissue sections from 
control and HD cortex In a Zess Ight mcroscope 
(LM) at x640 magnification and with differentla 
interference filtering (Nomarsk opt~cs). Neurons 
w th  and without hNlls were recorded n successive 
microscop~c fields that spanned the dorsoventral 
extent of the cortcal gray matter. The sze of hNIs, 
nuclei, and nucleol~ was determined with the assst- 
ance of a x 100 oil immerson objectve lens and a 
drawing tube attached to the microscope. Draw- 
ngs were scanned Into a computer and the cross- 
sectional area and major and minor axs for each 
structure were determined by uslng NIH Image 
software. To determne the frequency of DNs with 
huntngtn and ubiquitin abelng, we examned ad- 
jacent sectons labeled for these antigens in the LM 
at x160. We scanned successive m~crosco~ic  
f~elds throughout the dorsoventral extent of fhe 
gray matter and recorded all neur~tes in each fled. 
We estimated the shape of nuclear nclusions 
(spherical, ovod, ellipt~cal) from the ratlo of the 
major and mnor axes. Total neurons examined In 
all HD patients was 8055 for analysis of h N s ,  341 5 
for analysis of ubiquit~n-posit~ve Nlls, 4373 for 
hDNs, and 1983 for ubiauitin-gositive DNs. Data 
analys~s was performed by using Microsoft Excel 
and t -tests were done with Graphpad nstat. 

13. Ab 585 does react with small fragmented and beb- 
f led processes n the HD cortex (8), indicating that 
t detects huntingtn in degeneratng neurtes. One 
possibity is that Ab 585 recognizes the larger 
COOH-terminal fragment In mutant huntingtin. Df-  
fuse staining of the nucleus in some HD neurons is 
seen with Ab 585 (8) and may also be due to the 
presence of the full-length (see Fg.  3, patents J1 1 
and J12) or the cleaved COOH-termna part of 
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mutant huntingtn. No other antisera to hulitingtin 
have been used for immunohistochemistry in these 
patients' t~ssues. However, n the HD transgenc 
mouse. Ab 1 and two other NH,-terminal-directed 
antisera to huntingtn label nuclear nclusions (9). 28. 

Antibody 1C2, which preferent~ally recognizes 
polyglutamine doma~ns n mutant huntingt~n [Y. 
Trottier et a/., Nature 378, 403 (1 99511, recognizes 
the transgene protein in the HD mouse by Western 
blot but does not label nuclear incusons by immu- 
noh~stochemistry. 

14. Bran extracts enriched for n~lc le  were prepared by a 
modif~cat~on [J. L. Sonnenberg, P. F. Macgregor- 
Leon, T. Curran. J. I .  Morgan, Neuron 3, 359 (1989)l 
of a procedure reported by our laboratories [N. Aro- 
nin, K. Chase, S. M. Sagar, F. R. Sharp, M. DiF~gl~a, 29. 

Neuroscience 44. 409 (1991)l. Protein separation 
and Western blot analysis for huntngtin with Ab 1 
were performed as descrbed (4, 11). 

15. The soluble form of the mutant huntngtin fragment 
detected In the soluble nuclear fraction by Western 
blot analysis most Ikely contributes to formation of 
the hNlls. Recent evdence In HD transgenic mice 
shows that nuclear protein fractons isolated from 
brain contained hunt~ngt~n-mmunoreact~ve low 
molecular weight protens and a hgh ~molecuar 

weght product resstant to conventonal proten 
separat~on [E. Scherzinger et a/., Cell 90, 549 
(1 997)l 
Y. P. Goldberg etal.. Nature Genet. 13, 442 (1 996). 
M. A. Kalchman et a/., J. 6/01, Chem. 271. 19385 
(1 996) 
S. Cammarata, C Caponnetto, M Tabaton, Neuro- 
sci. Lett. 156, 96 (1993): M. Jackson etal., Neuro- 
pathol. Appl. Neurobiol. 21 . 18 (1 995). 
Little or no ubquitin staining of NIs was obtained In 
juvenes J12 and J13. 
L. Ro~zn, S. Stellar, J. C. L I ~ ,  n Advancesin Neurol- 
ogy, T. N. Chase, N. S. Wexler, A. Barbeau, Eds. 
(Raven Press, NewYork, 1979). vol. 23, pp. 95-122. 
Although a nucleolus dstnct from the hNI was den- 
tified routnely In indv~dua HD neurons, we cannot 
rule out the possbiity that the hNIs are of nucleolar 
or~gin because multiple nucleol may exist in cells. 
J. C. Hedreen, C. E Peyser, S. E. Folstein, C. A. 
Ross, Neurosci. Lett. 133, 257 (1991). 
Studies in perpheral nerve show that DNs form as a 
result of dysfunction in retrograde transport [Z. Sa- 
henk and R. J Lasek, Brain Res. 460, 199 (1 98811. 
Other ev~dence supports an axonal local~zation of 
huntngtn. Mutant huntingtin IS detected In cortcal 
synaptosomal fractons and n subcortical whte mat- 
ter of the HD brain (4) and NH,-termna products of 
huntngtn are increased In axons after blockade of 
axonal transport in rat peripheral nerve [J. Block- 
Gaarza et a/., Neurorepori 8, 2247 (1997)l. Some 
dystrophc neurites may be dendrites, because den- 
dr~tes are enriched In huntngtin in normal brain and 
dendr~tc changes In HD cortcal neurons have been 
ident~f~ed. Also. we cannot exclude the possibility 
that some of the structures identified as DNs are in 
fact hNIs retaned in the bran after degeneration and 
d~ssolut~on of the affected neurons. Further analyss 
In HD brain and In transgenc mce may help resolve 
this issue. 
S. E. Folstein, Huntington's Disease: A Disorder of 
Families (Johns Hopk~ns Univ. Press. Balt~more, 
19891, pp. 1-64. 
P. S. Reddy and D. E. Housman, Curr. Opln. Cell 
Biol. 9, 364 (1 997). 
A striking example of a dsorder involving the deve- 
opment of nuclear inclusions IS neuronal ntranucear 
incuson disease, whch IS character~zed by neuro- 
degeneration within the central and per~phera ner- 
vous systems and may ncude extrapyramidal dys- 
function [M. Halta. H. Somer, J. Pao. W. G. John- 
son. Ann. Neurol. 15, 31 6 (1 984): N. Funata et a/., 
Clin. Neuro,oat/iol. 9, 89 (1990)l. Some types of nu- 
clear inclusions may be involved n the storage, deg- 
radaton, or transport of pre-mRNA and pre-rRNA 
[K. Brasch and R. L. Ochs, Exp. Cell Res. 202. 21 1 
( I  992)] 
Ubiqutn attaches to misfolded or abnormal proteins 
to be degraded In the proteosome, a large multipro- 
ten complex that is found in both nucleopasm and 
cytoplasm [M. Peters, W. W. Franke, J. A. Kle~n- 
Schmidt, J. Biol. Chem. 269, 7709 (1994)l. 
In the HD mouse u b q u t n  immunoreact~vity deve- 
ops in nuclear ~nclus~ons several weeks after detec- 
tion of the transgene protein (9), further supporting 
the dea that ub~quitin-dependent proteolys~s of 
mutant huntingtin is delayed. The presence of few- 
er ubiqutn-postve NIs and DNs compared w~th 
those with mutant huntingtn could also be due to a 
greater instabty of u b q u t n  in postmortem tissue. 
The latter may also expan previous faures to de- 
tect ubiquitnated mutant huntingtn n the HD brain 
in bochemca assays (4, 16). 
Supported by grants NS 16367 to M.D. and J.P.V. 
and NS 31579 to M.D. and N.A. and by grants from 
the Hereditary Disease Foundation to M.D. and N.A. 
We apprecate the techncal assstance of L. Cher- 
kas; the helpful suggestons of Drs. J. Lawrence, T. 
Smith, G. Sten, P. Bhide, J. Francis, B. Hyman, M. 
Irizarry, and M. Km: and thecontrbution of postmor- 
tem tissue of patent A4 prov~ded by Drs. A. Young 
and J. Pennev. 

29 July 1997: accepted 8 August 1997 

~vw~v.sciencernag.org SCIEKCE \'OL. 277 26 SEPTEMBEI 




