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ABSTRACT: Background: Machado-Joseph disease (MJD) is a dominantly inherited cerebellar ataxia 
associated with spasticity, ophthalmoplegia and dystonia. There has been no report of electrophysiolog
ical or histological alterations of the peripheral nervous system in patients with MJD. Methods: Four 
patients with MJD were identified by polymerase chain reaction. The peripheral nerves of these 
patients were subjected to electrophysiological testing and histological study. Correlation analyses were 
made between various clinical parameters and the electrophysiological and histological changes. 
Results: Electrophysiological studies demonstrated a marked reduction of sensory action potential, 
acute denervation changes on needle EMG, as well as mild decrease in the compound motor action 
potential. Light microscopy of the sural nerves revealed clear loss of myelinated fibers, and morphome
try studies showed a loss of large myelinated fibers. Moreover, the severity of these pathological 
changes was found to be related to the CAG repeat length in the MJD gene. Conclusion: Our findings 
indicated that the peripheral nervous system was frequently affected in patients with MJD. These find
ings were similar to those seen in Friedreich's ataxia, suggesting a loss of sensory and motor fibers 
probably following a lesion of the dorsal root ganglion and the anterior horns in the spinal cord. Fur
thermore, the number of CAG repeats seems to have an inverse relationship to the extent of pathologi
cal changes of the peripheral nerves. 

RESUME: Correlation entre la perte des fibres nerveuses peripheriques et les repetitions de trinucleotides 
dans la maladie de Machado-Joseph. Introduction: La maladie de Machado-Joseph (MMJ) est une ataxie ccre-
belleuse se manifestant par de la spasticity, une ophtalmoplegie et de la dystonie, et dont I'hErEditE est dominante. 
Aucune atteinte Electrophysiologique ou histologique du systeme nerveux pEriphErique n'a EtE rapportEe chez ces 
patients. Methodes: Le diagnostic a EtE confirme par la reaction d'amplification en chaine (PCR) chez quatre 
patients atteints de la MMJ. Nous avons fait des eludes Electrophysiologiques et histologiques des nerfs 
pEriphEriques de ces patients, ainsi que des analyses de correlation entre les diffErents parametres cliniques et les 
changements Electrophysiologiques et histologiques. Resultats: Les Etudes Electrophysiologiques ont montre une 
rEduction marquEe du potentiel d'action sensitif, une dEnervation aigue a l'EMG ainsi qu'une lEgere diminution du 
potentiel d'action moteur composE. La microscopie optique du nerf sural a montrE une perte tres nette des fibres 
myElinises et des Etudes morphomEtriques ont montrE une perte des grosses fibres myElinisEes. De plus, la sEvEritE 
de ces changements anatomopathologiques Etait reliEe a la longueur de la rEpEtition CAG dans le gene de la MMJ. 
Conclusion: Nos observations indiquent que le systeme nerveux pEriphErique est frEquemment atteint chez les 
patients qui ont la MMJ. Ces observations sont semblables a ce qu'on note dans I'ataxie de Friedreich, suggErant 
qu'une perte de fibres sensitives et motrices survient suite a une IEsion du ganglion dorsal et de la corne antErieure 
de la moelle Epiniere. De plus, il semble exister une relation inverse entre le nombre de rEpEtitions CAG et l'Eten-
due des changements anatomopathologiques dans les nerfs peripheriques. 
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The spinocerebellar ataxias are a heterogeneous group of neu
rodegenerative disorders characterized by variable degrees of 
cerebellar dysfunction.1 Among them, Machado-Joseph disease 
(MJD, MTM 109150) is characterized by cerebellar ataxia, pyra
midal signs, and progressive external ophthalmoplegia, and is 
associated to variable degrees with symptoms such as bulging 
eyes and dystonia.' Clinical heterogeneity in the presentation of 
MJD is common between as well as within families.1'2 Pathologi
cally, MJD is characterized by degeneration of the spinocerebellar 
tracts, dentate nuclei, pontine and vestibular nuclei, extrapyrami

dal structures (substantia nigra, locus coeruleus and the palli-
doluysian complex), as well as neuronal loss in motor cranial 
nerves, anterior horn cells and the posterior root ganglion.3'4 The 
cerebral and cerebellar cortex and inferior olivae are spared.5 
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The MJD locus was first mapped to chromosome 14q32.1 in 
Japanese families5 and linkage was then confirmed in families 
of Portuguese pedigrees.68 The MJD gene, designated MJD, has 
since been isolated and characterized and the mutation has been 
demonstrated to be an expansion of a trinucleotide CAG repeat 
that lies at the 3' terminal of the coding region.9 

There have been few reported studies of the peripheral nervous 
system in patients with spinocerebellar atrophy, which is partly 
attributable to its troublesome nosology.10 Histological alterations 
in the peripheral nervous system of patients with MJD have never 
been reported. In order to investigate the nature and extent of 
these possible alterations, and to determine the factors influencing 
the severity of any associated pathological process, we subjected 
the median and tibial nerves of four patients with MJD to electro
physiological studies, and the sural nerves of these patients to 
both electrophysiological and histological studies. 

MATERIALS AND METHODS 

Subjects 
MJD was diagnosed in four patients from four different fami

lies, and these patients were selected for study (patients 1, 3 
were male; 2 and 4 were female). At the time of selection the 
patients' ages ranged from 24 to 66 years (mean ± SD 33 ± 11), 
and their duration of symptoms and signs ranged from 6 to 22 
years (mean ± SD 12 ± 9) (Table 1). Their CAG repeat numbers 
in the MJD chromosome ranged from 64 to 78 units (mean ± SD 
72 ± 6). The age at onset was based on information provided by 
the patient or close relatives. Informed consents were obtained 
from all subjects who participated in the study. 

Electrophysiological Studies 
Electrophysiological studies were performed using a Medlec 

MS25 electromyography Maximal motor nerve conduction 
velocity (NCV) of the right tibial nerve, the amplitude of com
pound motor action potential (cMAP) of the right abductor hal-
lucis, and the amplitude of the sensory action potential (SAP) of 
the right sural and median nerves were measured using surface 
electrodes. Distal sensory latencies (DL) were measured at a 
distance of 14 cm between the stimulating and recording elec
trodes. Needle EMG studies were carried out to collect evidence 
of acute denervation. 

Morphology and Morphometry 
A sural nerve fascicular biopsy (2 cm) was performed behind 

the lateral malleolus under local anesthesia. Specimens were 
fixed in 2.5% glutaraldehyde in 0.05M Na cacodylate buffer, 
postfixed in 1% osmium tetraoxide and processed to Araldite." 
Transverse sections of 1 urn thickness were stained with tolui-
dine blue. A light microscope with image analyzer (minimagiscan/ 
1AS25/1V25, Joyce-Loebl, Newcastle, UK), was used to mea
sure fascicular area, size of myelinated fibers and axons, and 
perimeters magnification 1600x. Five non-MJD individuals with 
Dupuytren's contracture, Bethlem myopathy, cerebral infarction, 
spinal muscular atrophy, and nonspecific complaints, respective
ly, with ages ranging from 23 to 65 years (mean ± SD 44 ± 19) 
and CAG repeat numbers 22 ± 7 (mean ± SD) were selected as 
controls. 

Statistical Methods 
The association between CAG repeat size on the affected 

chromosomes of patients and fiber density of the sural nerves, 
percentage of large myelinated fibers, and the results of sensory 
and motor nerve conduction studies were evaluated by Pearson 
correlation analysis. The patient values were considered abnor
mal when they exceeded the mean ± 2 SD values of controls. 

RESULTS 

Clinical and Molecular Studies 
The clinical symptoms, age at onset, duration of the disease 

and CAG repeat number of the MJD gene of these four patients 
are shown in Table 1. 

Neurophysiological Studies 
The sensory potentials were undetectable in three of the four 

patients (Table 1). Patients with absent sural nerve action poten
tials also exhibited abnormal median nerve sensory action 
potentials (data not shown). In the remaining one patient, who 
had only 64 CAG repeats in the MJD gene, both DL and SAP 
amplitude were normal. 

The amplitudes of cMAP were markedly diminished in 
patient 1, and mildly so in patient 2. Both of these patients had 
higher CAG repeat numbers, with 78 CAG repeats in patient 1 
and 75 CAG repeats in patient 2 (Table 1). However, the motor 
NCV was only slightly reduced in the first patient, who had the 
highest CAG repeat number (78) and was a juvenile (less than 

Table 1: Clinical Parameters, Sural Nerve Findings, and Nerve Conduction Studies in Four Subjects with Machado-Joseph Disease. 

Case 
Number 

1 
2 
3 
4 

Controls 

Clinical 
Features 

A,P,V,0,M 
A,P,V,0,M 

A,P,V,0 
A,P 

Age at 
Onset (yr) 

18 
35 
44 
38 

Duration 
(yr) 

6 
19 
22 
4 

CAG 
Number 

78 
75 
72 
64 

22 ±7 
(n = 200) 

Fiber 
Density 

3,146 
5,104 
6,021 
9,547 

6,780 ±791 
(n = 5) 

Fiber > 7(im 
(%) 

27.6 
13.7 
22.6 
40.2 

41.7 ±8.7 
(n = 5) 

Sensory 
DL (msec) SAP(uV) 

NR 
NR 
NR 
2.66 

3.0 ± 0.3 
(n = 

NR 
NR 
NR 
15 

12.5 ±5.2 
68) 

Motor 
cMAP(mV) NC 

1.3 
5.0 
8.0 
15.0 

13.1 ±5.0 
(n = 

V(m/sec 

33.2 
49.7 
47.1 
53.0 

50.5 ± 5.3 
68) 

A = ataxia, P = pyramidal tract signs, V = loss of vibration, O = ophthalmoplegia, M = muscular atrophy 
DL = distal latency, SAP = sensory action potential amplitude of the right sural nerve 
cMAP = compound motor action potential of the right abductor hallucis 
NCV = nerve conduction velocity of the right tibial nerve 
NR = no response 
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20 years of age) at onset. The motor NCVs were normal in the 
other three patients. The motor nerve conduction studies per
formed on the right peroneal, median and ulnar nerves revealed 
no evidence of conduction slowing or blockade. 

Needle EMG studies revealed evidence of acute denervation 
in patients one and two. All in all, three of the four MJD 
patients examined showed a peripheral nerve disorder. 

Light Microscopy and Morphometric Studies 

A clear loss of myelinated fibers was the main finding of 
light microscopy in two out of four patients (Table 1; Figure 1). 
None of the patients had abnormalities in the peri- or epineuri-
um. Light microscopy failed to detect myelin changes, onion 
bulb formation or significant caliber variation in any of the 
patients. 

The distribution of fiber diameter of the distal sural nerves 
was unimodal and histograms suggested a significant loss of 
fibers, especially large myelinated fibers in three of four patients 
(Figure 2). 

Correlation analyses revealed a close relationship between 
CAG number and myelinated fiber density and between age at 
onset and motor NCV (Table 2). 

DISCUSSION 

Electrophysiological and histological studies in patients with 
MJD demonstrated that the peripheral nervous system was 
affected in the majority of the patients. Among these four 
patients, three (75%) had a decrease in sensory potential ampli
tude, two (50%) had a reduction in cMAP amplitude, two (50%) 
had evidence of acute denervation in needle EMG, and only one 
(25%) had a mild decrease in motor conduction velocity (Table 
1). Such data are suggestive of a sensory and motor neuropathy 
which affects axons but does not result in remarkable demyeli-
nation. Similar electrophysiological results were obtained by 
Carenini et al.12 in 11 patients with olivopontocerebellar atrophy 
(OPCA) (75% of their patients showed a decrease in amplitude 
of SAP) and by Bennet et al.13 in four patients with OPCA (75% 
showed an absence of sural nerve potential, 25% had a decrease 
in conduction velocity). It is of interest to compare our electro
physiological data with the observations made by Caruso et al.14 

in patients with Friedreich's ataxia. They demonstrated that the 
most constant alterations were a severe loss of sensory fibers 
and a loss of motor units with only slight slowing of conduction 
velocity. These alterations did not appear to be related to the 
duration of the disease or the age at onset. While the reported 
loss of sensory fibers has been more severe in cases of Friedre-
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Figure 1: Light microscopy of distal sural nerves in (A) patient I (24 
years of age) with Machado-Joseph disease and (B) a normal control 
(25 years of age). Note the loss of fibers in (A), especially large myeli
nated fibers. One-micron Epon section, toluidine blue stain x40, Bar = 
10p.m. 

ich's ataxia than in the MJD patients of this study, the distribu
tion as well as the magnitude of the other electrophysiological 
alterations appear to be similar in these two diseases. 

Pathological changes were found in the distal sural nerve 
biopsies of three of the four patients. Two of these patients 
had higher CAG repeat numbers (78 and 75, respectively) and 
showed a clear axonal loss. The third specimen was from a 
patient with a medium repeat number (72) who had a fiber 

Table 2: Correlation of Clinical Parameters, Electrophysiological Findings, and Morphometry in 

Age at Onset 
Duration 
CAG Number 
Fiber Density 
Fiber > 7|am % 
Motor cMAP 

Duration 
r 

0.57 

CAG Number 
r 

-0.62 
0.29 

Fiber Density Fiber > 7um% 
r r 

0.66 -.04 
-.024 -.081 
-.099 -0.70 

0.64 

Machado-Joseph 

Motor cMAP 
r 

0.89 
0.58 

-0.46 
0.47 
0.01 

Disease. 

Motor NCV 
r 

0.97 
0.69 

-0.47 
0.53 

-0.26 
0.81 

r = Pearson correlation coefficient 
cMAP = compound motor action potential of the right abductor hallucis 
NCV = nerve conduction velocity of the right tibial nerve 
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Figure 2: Morphometry of distal sural nerves in subjects 1(A), 2(B), 3(C), 4(D) and a normal control (E): X-axis: fiber diameters (pm); Y-axis: myeli
nated fiber number per Ipm of diameter/mm2. The large myelinated fibers (> 7 pm) are lost and the histograms are unimodal in subjects I, 2 and 3. 
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density in the lower limit of the normal distribution (Table 1). 
Teased fiber analysis and EM studies were not carried out. 
Thus, it is possible that some component of demyelination or 
changes in unmyelinated fibers could have been missed. How
ever, in the morphometric measurements, all three pathologi
cal sural nerve specimens demonstrated a clear reduction of 
large myelinated fibers (Figure 2). Bennet et al.13 and Wadia 
et al.15 reported a form of neuropathy which preferentially 
affects myelinated fibers of large diameter in patients with 
OPCA. In this study, the histological findings in patients with 
MJD were similar to those described in Friedreich's ataxia.16 

Inonue, Hirano and Hassin reported histometrical examination 
of an autopsied patient with Friedreich's ataxia, which 
showed severe loss of large myelinated fibers in the posterior 
spinal root and large dorsal root ganglion (DRG) cells, sug
gesting that the large DRG cells correspond to the large 
myelinated fibers of the sensory peripheral nerve.16 The sen
sory neuropathy found in patients with MJD may be attributed 
to an excessive, progressive neuronal cell death in dorsal root 
ganglia. Thus, in this study, MJD was not restricted to the 
motor system but frequently involved distal (peripheral) pro
jections of the large myelinated sensory axon, especially 
when the CAG repeat number was above 70. 

Previously a linear correlation was found between the age at 
onset and the number of CAG repeats.2 However, this correla
tion was not perfect. The number of CAG repeats only account
ed for approximately 60% of the variability in age at onset. A 
familial factor independent of CAG repeat length is known to 
influence age at onset of MJD.17 Patient 4, who had a lower 
number of CAG repeats (64), likely came from a family with 
such a familial factor which caused onset at an unusually early 
age. In this study, we observed that the severity of the pathological 
changes in the sural nerves was influenced (accounting for 98% of 
the variability) by the number of CAG repeats in the MJD gene, 
but was not influenced by the age at onset or disease duration 
(Table 2). The relationship between the CAG repeats and the quan
titative pathological findings is interesting. It is speculated that a 
rise in CAG repeat number might lead to increased toxicity of the 
MJD gene product which subsequently accounts for more neu
ronal loss in the DRG cells. The loss of large myelinated fibers is 
not likely the result of a progressive degenerative process which is 
proportionate to the duration of the disease. 

In conclusion, both electrophysiological and histological find
ings in our patients with MJD indicated loss of the large peripheral 
nerve fibers, suggesting that the peripheral nervous system was 
frequently affected in MJD. These findings are similar to those 
seen in Friedreich's ataxia. Moreover, the severity of these changes 
is related to the length of pathological expansion of CAG repeats 
in the MJD gene. Therefore, the number of CAG repeats is related 
not only to the age at onset, but also to some extent to the patho
logical changes in the peripheral nerves. The progressive clinical 
worsening of MJD could be due to alterations advancing in other 
structures outside the peripheral nerves. Further studies of a much 
larger sample size are needed to verify these observations. 
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