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An autopsy case of spinal muscular atrophy type
IIT (Kugelberg-Welander disease)
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We report an autopsy case of a 67-year-old man clinicoge-
netically diagnosed as having spinal muscular atrophy
(SMA) type II (Kugelberg-Welander disease), showing
slowly progressive muscle wasting and weakness of the
extremities. His brother showed similar manifestations.
Autopsy revealed neuronal loss and severe gliosis in the
anterior horns of the spinal cord, a marked neurogenic
change of skeletal muscles and mild degeneration of cardi-
omyocytes. Chromatolytic change was seen in the anterior
horn, but not in the Clarke’s and thalamic nuclei. The ante-
rior spinal roots were atrophic, and there was loss of myeli-
nated fibers with abundant glial bundles. In addition,
degeneration was also observed in the posterior column
and dentate nucleus. The pathological features were essen-
tially similar to those of SMA L Chronic change was
prominent while acute change was mild in degree, corre-
sponding to a very long clinical course.

Key words: chromatolytic chage, glial bundles, gliosis,
spinal muscular atrophy type IIL

INTRODUCTION

Spinal muscular atrophy (SMA) is an hereditary neurode-
generative disease which mainly affects the lower motor
neurons. It is divided into three types according to the age
of onset and severity: type I (Werdnig-Hoffmann disease:
WHD), type II (the intermediate form) and type Il
(Kugelberg-Welander disease: KW).! Furthermore, SMA
type III is subdivided into two groups, Illa and I1Ib, based
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on whether the onset is before or after 3 years? Genetic
linkage analysis showed that SMA map to 5q11.2-13.3.
Among four genes identified in this region, it is now clear
that the telomeric survival motor neuron (SMN) gene
(SMNT) is the SMA-causative gene. The centromeric SMN
gene (SMN2) and the neuronal apoptosis inhibitory
protein (NAIP) gene (NAIP) were candidates as SMA
modifier genes.> However, the molecular basis of the patho-
mechanism and phenotypic variation in SMA remains
unclear. It is hypothesized that additional copies of SMN2
could compensate for the loss of SMN1 in SMA II and IIL
The advances in genetics have made it easy to distinguish
SMA III from adult-onset sporadic or other hereditary
motor neuron diseases, such as bulbospinal muscular
atrophy and familial amyotrophic lateral sclerosis. There
have been only a limited number of postmortem studies on
SMA II and III so far. This is the first autopsy report of
clinicogenetically comfirmed SMA III.

CLINICAL SUMMARY

The patient was a 67-year-old man at death. His parents
were not consanguineous, and his younger brother has
shown similar clinical symptoms, He was unable to keep up
with his friend at play and was aware of hand tremor during
childhood. At the age of 14 years, he began to show a
tendency to fall. Thereafter, there was slow but progressive
deterioration in his motor function. He became unable to
walk at age 50, when he fractured his shoulder due to a fall.
At age 63, he was admitted to our hospital. On admission,
neurological examination revealed a symmetrical weak-
ness of the extremities with moderate atrophy, which
was prominent in the proximal portion, and hypertrophy
of calves. Gynecomastia was absent. Fasciculation was
observed in the hands. The deep tendon reflexes were
absent and plantar responses were flexor. There was no
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intellectual impairment, pyramidal and cerebellar signs
and sensory disturbances. At age 67, he developed dysph-
agia and required tube-feeding, and suffered from respira-
tory arrest due to asphyxia by sputum. He died after
mechanical ventilation over 8 days.

A cranial CT scan obtained at age 65 showed a small
infarct at the left corona radiata. Electrocardiogram was
normal and echocardiogram revealed ventricular enlarge-
ment and diffuse hypokinesia. Electromyography showed a
neurogenic pattern. Routine blood tests were not remark-
able, including creatine kinase.

DNA analyses

Using the PCR method from a previous study,’ DNA
analyses were performed in the present case and in his
younger brother. In both cases, deletions of exons 7 and 8
in SMN1 were detected, while those of exons 5 and 6 in
NAIP were not detected.

PATHOLOGICAL FINDINGS

Autopsy was conducted 12h after death. All organs
were fixed in formalin and embedded in paraffin, after
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Fig.1 (A) Iliopsoas muscle showing
severe group atrophy and fatty cell infil-
tration. Bar =0.5 mm. (B) Large group
atrophy was found in tongue muscle.
Bar =200 um. (C) Bilateral ventricular
dilatation was observed in the heart.
Bar=0.5mm (D, E) Mild myocardial
fibrosis was found. Bar = 100 um. (A-D)
HE stain; (E) Azan stain.

which 7-um-thick sections were prepared. The brain
and spinal cord were processed with HE, KB, Bodian’s
and Holzer staining. Immunohistochemical studies were
performed on 7-um-thick paraffin-embedded sections
using the following antibodies: mouse monoclonal anti-
body to a phosphorylated neurofilament (pNF) epitope
(SMI31, Sternberger-Meyer Immunocytochemicals Inc.,
1:2500), polyclonal antibodies against ubiquitin (Dako,
Jarrettsville, MD, US; 1:400), CD68 (Dako, Glostrup,
Denmark; 1:600) and GFAP (Dako, Glostrup, Denmark;
1:2000).

The pathological findings outside the CNS were skeletal
muscle atrophy with fatty infiltration. In the iliopsoas
muscle, islands of isolated muscle fibers can be seen against
a background of fatty tissue (Fig. 1A). In the tongue, fas-
ciculi showing large grouped atrophy were occasionally
seen among normal ones (Fig. 1B). The diaphragm was
almost preserved. The heart weighed 405 g and showed
dilatation of both ventricules with mild myocardial fibrosis
(Fig. 1C-E).

The brain was edematous and weighed 1615¢g.
Coronal section of the brain showed small infarcts in
the right putamen. Microscopic examinations revealed

© 2008 Japanese Society of Neuropathology
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Fig.2 (A) Fibrillary gliosis was marked
at the lumbar segment. Bar = 0.1 mm. (B)
Myelin pallor was seen in the fascicu-
lus gracilis of spinal cord C8 level
Bar=0.1 mm. (C) Neuronal loss was
observed in the anterior horns of the
spinal cord. Bar =200 um. (D) A chroma-
tolytic motor neuron was observed in the
anterior horn. Bar=50um. (E) pNF-
positive structures were found in the
peripheral perikarya and proximal neu-
ronal processes of motor neurons.
Bar =200 um. (F) Mild loss of neurons
with residual nodules was found in
the posterior nerve root ganglion.
Bar = 100 pm. (G) Many GFAP-positive
glial bundles were found in the proximal
portions of the anterior nerve root.
Bar=200um. (H) Grumose degen-
eration was observed in the den-
tate nucleus. Bar = 100 pm. (A) Holzer’s
stains; (B, C, F) KB stain; (D) HE stain;
(E) pNF immunohistochemical stain; (G)
GFAP immunohistochemical stain; (H)
Bodian’s stain.

neuronal loss with a marked gliosis in the anterior horns
of the spinal cord (Fig. 2A,C). The formation of empty
cell beds was inconspicuous. Most of the remaining
neurons were shrunken. A small number of chromatolytic
neurons were observed, but they were not enlarged as
much (Fg. 2C,D). Neuronophagia was rarely seen. No
Bunina bodies were observed. The corticospinal tract was
normal. The fasciculus gracilis demonstrated moderate
loss of myelinated fibers (Fig. 2B). In Clarke’s column,
neurons were intact although infiltration of CD-68 posi-
tive cells was observed. There were a small number of
heterotopic neurons in the anterior funiculus in the
thoracic segment of the spinal cord. The posterior
nerve root ganglion showed a mild loss of neurons with
residual nodules, but no cell colony formation, one
of the pathologic features of SMA 1, was seen (Fig. 2F).
The intermediolateral nucleus and Onuf’s nucleus
were normal. The anterior nerve roots were atrophic,
and there was a loss of myelinated fibers. Glial bundles

© 2008 Japanese Society of Neuropathology
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were abundant in the proximal portions of the anterior
nerve roots of cervical and lumbosacral segments
(Fig. 2G).

The normal cortical cytoarchitecture was retained, but
some of the cortical neurons appeared atrophic and eosi-
nophilic. Betz cells were preserved. The thalamus, basal
ganglia and subthalamic nuclei exhibited no neuronal loss,
gliosis or chromatolytic change.

The cerebellar cortex displayed atrophy and neuronal
loss in the Purkinje cells and granule cell layers. White
matter showed loss of myelinated fibers. The dentate
nucleus evidenced a marked neuronal loss with grumose
degeneration and severe gliosis (Fig. 2H).

There were no abnormalities in the substantia nigra,
locus ceruleus, and cranial nerve nuclei other than the
hypoglossal nucleus, in which mild neuronal cell loss was
seen.

The antibody preferentially stained the peripheral
perikarya and proximal neuronal processes of chromo-
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tolytic neurons in the anterior horn (Fig. 2E). There were
none of the ubiquitin-positive inclusions.

DISCUSSION

The main pathological finding in the present case is a
marked neuronal loss in the anterior horns throughout the
length of the spinal cord. The cranial nerve nuclei were
relatively preserved. Only the hypoglossal nucleus was
mildly affected, which was correlated to the development
of dysphagia in the patient’s last year of life. Acute changes,
such as empty cell bed formation and neuronophagia, and
the findings suggestive of maldevelopment, such as hetero-
topic motor neurons and cell colonies, were rarely seen. On
the other hand, chronic change like fibrillary gliosis was
prominent. These findings could be explained by the later
onset and very long clinical course compared with SMA 1.
In the present case, onset was at 14 years and death was at
67 years, whereas, in SMA 1, the age of onset is generally
before 6 months and death generally before 2 years.

The histopathologic tetrad of SMA 1 consists of chro-
matolytic neurons, empty cell beds, migratory motor
neurons and glial bundles of spinal roots.’ Chromatolytic
motor neurons (cMN) in our case were not so enlarged,
small in number and observed only in the anterior horn. In
the case of SMA 1I reported by Araki,® the occurrence of
chromatolytic and ballooned neurons was infrequent. In
contrast, cMN in SMA I tend to be markedly ballooned
and frequent not only in the anterior horn, but also in
Clarke’s nucleus, dorsal root ganglion and thalamus.>” As
for immunohistochemical features, cMN in our case
showed the accumulation of pNF in the periphery of the
cell. None of the motor neurons had ubiquitin-positive
inclusions, as observed in SMA 1.3°

The formation of glial bundles was prominent in our
case. They were observed in the anterior spinal roots, not in
the posterior roots, and were abundant in the lumbar
regions, where a loss of neurons in the anterior horn and
gliosis were obvious. Such distributions of glial bundles are
similar to those of SMA 1.° Glial bundle formation and
anterior horn cell degeneration may be involved in
SMA 2 Glial bundles were characteristic, but not specific
to SMA, as they were also found, although to a lesser
extent, in various diseases including poliomyelitis and
ALS."" Currently, it is proposed that glial bundles may not
induce retrograde degeneration of the anterior horn cells,
may be formed after nerve degeneration, and serve as a
guide for regenerating neurites.”

Neuropathologic changes other than those in motor
neurons were found in the posterior column and dentate
nucleus. The posterior column change has been described
in other SMA III patients. Winder reported a patient with
SMA III showing a marked decrease of vibration sense in
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the legs.'s Pathological examination revealed degeneration
of the sensory neuron in the lumbar posterior nerve root
ganglia with Wallerian degeneration of the fasciculus gra-
cilis. Our case did not show sensory disturbance clinically,
and the pathologic change of posterior nerve root ganglia
was relatively mild.

The pathological findings in the cerebrum and cerebel-
lum were difficult to evaluate due to the unfortunate coex-
istence of anoxic change. The neuronal loss with grumose
degeneration and gliosis in the dentate nucleus might not
be attributable to anoxia, related to the intrinsic process of
SMA, because only a week passed between anoxic event
and the patient’s death is not enough time to cause such
chronic change as severe gliosis. There were no remarkable
abnormalities in the thalamus, which is frequently affected
in SMA I Involvement of Betz cells and pyramidal tract, as
observed in SMA I1.° was not observed.

The present case showed mild cardiomyopathy. His
younger brother had severer cardiac involvement and was
treated by continuous positive airway pressure.”” So both
the siblings had the same mutations of SMN I and shared
cardiomyopathies. Cardiac involvement has been rarely
reported in patients with SMA III, and is even one of the
SMA exclusion criteria. Tanaka demonstrated myocardial
degeneration in a biopsied specimen from a patient with
KW.21t remains unclear whether the motor neuron disease
is pathogenetically related to a cardiomyopathy or not.

Relatively few autopsy cases of SMA III'*2 have been
reported so far, and they were diagnosed clinically and not
confirmed genetically. To our knowledge, this is the first
autopy report of clinicogenetically confirmed SMA III. The
NAIP gene deletion was undectable, and the number of
copies of SMN2 was not examined in our case. Since the
postmortem findings of SMA I have been well examined, it
is important to compare postmortem findings of SMA 111
to those of SMA I, the severest form of SMA. Our case
showed neuropathological changes both similar to and dif-
ferent from those noted in SMA 1. Further investigation is
warranted to identify the pathological features of SMA 111
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Gene mutation and genetic counseling
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Abstract
With the advance of technology of genetic research, a lot of genetic testing has been

available as a clinical service. The genetic testing has sometimes been applied to not only

diagnosis of a patient, but also pre—symptomatic diagnosis, prenatal diagnosis, carrier

diagnosis, and susceptibility diagnosis. Genetic knowledge and psychological support are

necessary for the subject for adequate voluntary decision making. Thus genetic counseling

by a clinical geneticist or a genetic counselor is very important and must be offered on

every genetic testing according to the Guidelines for genetic testing proposed by Genetic

—~Medicine —Related Societies.

Key words: gene mutation, genetic testing, genetic counseling
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