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ABSTRACT 

 The combination of pontocerebellar hypoplasia and anterior horn cell 

degeneration is classified as pontocerebellar hypoplasia type 1. Although most cases 

exhibit severe muscle weakness and hypotonia neonatally with short life spans, some 

cases exhibit a later onset with a longer life span and show cerebellar atrophy without 

pontine involvement. We present a child who exhibited neurological deterioration and 

progressive atrophy of the cerebellum and pons, with onset of symptoms at 20 months 

and the death at 15 years of age. The pathological findings disclosed anterior horn cell 

degeneration and pyramidal tract involvement in addition to pontocerebellar atrophy, 

leading to the diagnosis of pontocerebellar hypoplasia type 1. The present case suggests 

that the degenerative pattern of later-onset pontocerebellar hypoplasia type 1 is similar 

to that of prenatal-onset cases. Further reports of later-onset cases with histopathological 

examination are required to elucidate the nosology and etiology of the disorder.
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INTRODUCTION 

 Pontocerebellar hypoplasias are a group of prenatal-onset neurodegenerative 

disorders showing hypoplasia or atrophy of the cerebellum and pons, with severe 

developmental delay, mental retardation, and often progressive courses 1. Among six 

clinical subtypes of pontocerebellar hypoplasias, the combination of pontocerebellar 

hypoplasia and anterior horn cell degeneration is exceptionally rare and is classified as 

pontocerebellar hypoplasia type 1 2, which is also called pontocerebellar hypoplasia 

with infantile spinal muscular atrophy. The phenotype is characterized by severe muscle 

weakness and hypotonia starting prenatally or at birth, with a life span not exceeding a 

few months in most cases 3. 

 However, it has been found that some cases of pontocerebellar hypoplasia type 

1 exhibit later onsets from several months to 2 years, and longer life spans from 2 to 11 

years 2, 4-6. In these later-onset cases, magnetic resonance imaging (MRI) and 

pathological findings revealed anterior horn cell degeneration and cerebellar atrophy but 

a preserved pons, and provided no evidence of spinal cord involvement. 

 We present a child who exhibiting neurological deterioration and progressive 

atrophy of the cerebellum and pons, with the onset of symptoms at 20 months and the 

death at 15 years of age. The pathological findings disclosed the anterior horn cell 

degeneration and the pyramidal tract involvement in addition to the pontocerebellar 

atrophy, leading to the diagnosis of pontocerebellar hypoplasia type 1. 

 

CASE REPORT 

The patient was the third child of healthy nonconsanguineous parents. His elder 

brothers were normal. Pregnancy was uneventful and he was born at full term with a 
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birth weight of 2,830g. He gained head control by 4 months and was sitting by 7 months. 

He stood with support by 14 months, which could be considered retrospectively as the 

first sign of delayed motor milestones. He could speak several words at 18 months. At 

the age of 20 months, he was examined because he could not stand without support. 

Initial diagnoses of cerebral palsy and Klinefelter’s syndrome were made because the 

patient’s karyotype was 47, XXY. He showed developmental regression after 2 years 

old: loss of standing with support at 2 years, sitting at 3 years, and speech at 4 years. He 

also had slowly progressive spasticity and muscular atrophy from the lower extremities 

to the upper extremities. At 4 years, a sural nerve biopsy revealed no abnormalities. At 

5 years, the patient’s first epileptic seizures occurred, and the first sign of 

ophthalmoplegia, i.e., exotropia in the left eye, was noticed. An electroencephalogram 

showed slow background activity and epileptiform discharges. Computed tomography 

(CT) of the brain showed mild ventricular dilatation and probable cerebellar atrophy 

(Figure 1A). At 9 years, fundoscopy revealed no abnormalities. Neurophysiological 

tests were also performed as follows. A right median nerve conduction study showed 

normal velocities but reduced compound muscle action potential, suggesting 

neuronopathy or axonopathy, and auditory evoked brainstem responses showed only 

wave I on both sides. MRI of the brain revealed moderate ventricular dilatation and 

moderate atrophy of the cerebellum (Figure 1C and 1D). The following investigations 

were all normal: blood counts, serum biochemistry, thyroid function, serum 

ceruloplasmin, serum amino acids, urine organic acids and amino acids. Cerebrospinal 

fluid examination showed no abnormality: leukocytes and levels of protein, glucose, 

lactate and pyruvate. There were no triplet repeat expansions in the genes of 

spinocerebellar ataxia types 1, 2, 3, 6 and 7, and dentatorubral-pallidoluysian atrophy. 
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Semiquantitative PCR analysis demonstrated two copies of the proteolipid protein 1 

gene, concurrent with the two X chromosomes of Klinefelter’s syndrome. All of the 

voluntary eye movements were completely restricted with bilateral exophthalmos by the 

age of 13 years. There was no tongue fasciculation. The patient could only recognize 

simple instructions such as putting his hands up. He exhibited prominent muscular 

atrophy, marked stiffness and contracture of the extremities, and severe scoliosis. A 

tracheostomy was performed at 14 years because he had respiratory difficulties with 

recurrent infections. Brain CT revealed severe atrophy of the cerebellum and the pons 

(Figure 1B). The patient died from respiratory failure at 15 years.  

 

Autopsy findings 

 

 General autopsy revealed scoliosis, esophageal erosion, pleural and peritoneal 

effusion, and testicular atrophy, which was compatible with Klinefelter’s syndrome. 

The formalin-fixed brain weighed 970 g. The cerebral hemispheres were well-formed. 

There were severe atrophies of the cerebellum, brain stem, spinal cord and anterior roots 

(Figure 2). Histological examination revealed neuronal loss with gliosis in the internal 

segments of the globus pallidus, lateral nuclei of the thalamus, subthalamic nucleus, red 

nucleus, cerebellar granule cells, Purkinje cells (Figure 3A), and the fastigial and 

dentate nuclei (Figure 2B and 3B) of the cerebellum. Neuronal loss was also observed 

in the inferior olivary, vestibular and hypoglossal nuclei (Figure 2C and 3C). Mild 

neuronal loss was observed in the abducens, facial and pontine nuclei. Degeneration of 

the superior and inferior cerebellar peduncles and central tegmental tracts was observed. 

Degeneration of the pyramidal tracts was evident in the cerebral peduncle, pons, and 
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medulla oblongata (Figure 2C). In the spinal cord, there was neuronal loss of anterior 

horn cells (Figure 3D) and diffuse degeneration of the anterior and lateral funiculi 

including the pyramidal and spinocerebellar tracts (Figure 2D). No neuronal inclusions 

were identified by immunostaining with antibodies to polyglutamine and ubiquitin. In 

summary, there was degeneration of the vestibulocerebellar tracts, the afferent and 

efferent tracts of the cerebellum, the subthalamic nucleus - globus pallidus system, and 

the upper and lower motor neuron system. 

 

DISCUSSION 

 The present case exhibited infantile-onset motor and cognitive deterioration 

showing prominent muscular atrophy and spasticity, with progressive atrophy of the 

cerebellum and pons. Neuropathological findings revealed pontocerebellar atrophy, 

anterior horn cell degeneration and severe pyramidal tract involvement. 

 The combination of pontocerebellar atrophy and anterior horn cell 

degeneration has been previously reported as cerebellar hypoplasia in 

Werdnig-Hoffmann disease 7, infantile olivopontocerebellar atrophy plus spinal 

muscular atrophy 8, or spinal muscular atrophy plus olivopontocerebellar atrophy 9. In 

1993, Barth called this combination pontocerebellar hypoplasia type 1 3. Linkage to the 

survival of motor neuron 1 gene at 5q12, the cause of classical spinal muscular atrophy, 

has been excluded 5. Recently, a nonsense mutation in the vaccinia-related kinase 1 

gene was identified in a consanguineous family 2. 

 Pontocerebellar hypoplasia type 1 may be a heterogenous disorder and shows 

considerable variability in clinical and pathological features 10. The clinical 

manifestation includes hypotonia, areflexia, congenital contractures, respiratory and 
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feeding difficulties, seizures, nystagmus, and no gross motor development. The 

pathological findings consist of atrophy or gliosis of the cerebellum, pons, olives, 

thalami and pallidum, with granular and Purkinje cell loss, and degeneration of the 

inferior olivary and dentate nuclei, and anterior horn cells. Most of the cases show 

clinical manifestations neonatally, but some cases exhibit later onsets and more benign 

but progressive clinical courses. In 2003, three cases with later-onset pontocerebellar 

hypoplasia type 1 were reported. The onsets were in the first year of life and life spans 

were 2–4 years 4. Recently, two siblings were reported, exhibiting later-onset 

pontocerebellar hypoplasia type 1 with cerebellar atrophy and anterior horn cell 

involvement demonstrated by brain MRI and muscle biopsy, respectively. The onsets 

were 1 and 2 years of age, and the siblings showed slow neurodegenerative clinical 

courses that included cognitive and motor functions; they are still alive at 6 and 9 years. 

 The name “pontocerebellar hypoplasia” may have to be reconsidered because 

the process is mainly atrophy rather than hypoplasia (primary defect) and the pons is not 

necessarily involved. Several cases with pontocerebellar hypoplasia type 1 have 

exhibited progressive deterioration with fetal onset 10-12 or infantile onset 6, rather than 

static developmental delay. It was proposed that the conditions described as 

pontocerebellar hypoplasia should be more accurately termed pontocerebellar atrophies 

based on serial neuroimaging studies 1. In later-onset pontocerebellar hypoplasia type 1, 

neuroimaging and pathological findings have demonstrated a preserved pons with 

cerebellar atrophy 4, 5. In our case, cerebellar atrophy progressed from 5 to 14 years, and 

pontine atrophy was demonstrated for the first time at 14 years. The reason for the 

pontine atrophy in our later-onset case may be due to the longer clinical course of 

approximately 13 years than those of the previously reported cases of approximately 
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2–4 years. The pons may be less vulnerable than the cerebellum, and its atrophy may 

emerge when the disease has progressed further. 

 The involvement of the pyramidal tract is not a cardinal feature of 

pontocerebellar hypoplasia type 1 but previous reports have described this finding. 

Several cases have shown pyramidal tract signs such as Babinski signs, increased 

muscle tonus, brisk deep tendon reflex, and ankle and patellar clonus 2, 4-6, 11, 12, although 

it is not clear whether these pyramidal tract signs are due to the cerebrum or spine. A 

neuropathological report of a case considered as prenatal-onset pontocerebellar 

hypoplasia type 1 showed involvement of the lateral and ventral white matter including 

the corticospinal tract 13, which is similar to our case. The pyramidal tract could be one 

of the degenerative lesions in later-onset pontocerebellar hypoplasia type 1. 

 To our knowledge, an association of pontocerebellar hypoplasia with 

Klinefelter’s syndrome has not been reported, but other similar disorders such as 

spinocerebellar ataxias are reported to be accompanied by the abnormal karyotype 14-16. 

However, the phenotypes are not distinct from other spinocerebellar ataxias. In our case, 

the association of pontocerebellar hypoplasia and Klinefelter’s syndrome may have 

been coincidental because the occurrence rate of Klinefelter’s syndrome is relatively 

high, with one in 500–1,000 male births 17, 18. However, androgen insufficiency 

accompanied by Klinefelter’s syndrome might play a part in the pathogenesis because 

androgens affect the morphology and the survival of spinal and brainstem motor 

neurons in vivo 19-21. 

 In conclusion, the present case suggests that later-onset pontocerebellar 

hypoplasia type 1 can exhibit not only cerebellar atrophy and anterior horn cell 

degeneration but also pontine atrophy and pyramidal tract involvement, similar to 
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prenatal-onset cases, as the disease progresses extremely. Further reports of later-onset 

cases with histopathological examination are required to elucidate the nosology and 

etiology of the disorder. 
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FIGURE LEGENDS 

Figure 1. Serial neuroimaging from 5 to 14 years of age. A, Brain computed 

tomography (CT) shows probable cerebellar atrophy with a preserved pons at 5 years. B, 

Brain CT shows obvious atrophy of the cerebellum and pons at 14 years. C, D, 

T2-weighted axial (C) and T1-weighted sagittal (D) slices of brain magnetic resonance 

imaging (MRI) show cerebellar atrophy without apparent involvement of the pons at 9 

years. 

 

Figure 2. Macrographs of the brain, cerebellum and cervical cord. Marked atrophy of 

the pons and cerebellum is observed in the basal view (A). A part of the right frontal 

lobe was resected at the autopsy. B, The efferent tracts of the cerebellum and dentate 

nucleus are severely degenerated. C, The pyramids of medulla oblongata are severely 

degenerated and neuronal loss is observed in the inferior olivary nucleus. D, The 

anterior roots and the anterior and lateral funiculi of the cervical cord are severely 

degenerated, while the posterior roots and posterior funiculus are well preserved. B–D: 

Klüver-Barrera stain. 

 

Figure 3. Degeneration of the cerebellar (A and B) and motor systems (C and D). 

Light micrographs show loss of Purkinje cells (A), severe gliosis of the dentate nucleus 

(B), loss of neurons in the hypoglossal nucleus (C), and loss of motor neurons in the 

anterior horn of the spinal cord (D). Hematoxylin and eosin stain, × 400.
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