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Mutations producing premature termination of
translation and an amino acid substitution in the
sterol 27-hydroxylase gene cause
cerebrotendinous xanthomatosis associated with

parkinsonism

Nobuaki Wakamatsu, Masataka Hayashi, Hisaomi Kawai, Hiroshi Kondo, Yasuo Gotoda,
Yoshihiko Nishida, Rui Kondo, Shoji Tsuji, Toshio Matsumoto

Abstract

Objectives—Mutational analysis of the
sterol 27-hydroxylase (CYP27) gene was
performed on three patients from two
Japanese families who had cerebrotendi-
nous xanthomatosis (CTX) associated
with parkinsonism.

Methods—Clinical evaluations, brain MRI
studies, and laboratory analyses were
completed on the three patients. The
CYP27 gene was analysed for mutations by
PCR amplification of gene segments fol-
lowed by direct sequencing.

Results—Two different, homozygous mu-
tations were identified in these families.
One is a novel transition, substituting T
for G at Glul62 (GAG) resulting in a stop
codon (TAG). The other is also a transi-
tion, substituting T for C at Arg441 (CGG)
resulting in Trp (TGG). The second is
located in two amino acids ahead of the
heme ligand binding site (Cys443) of the
protein likely rendering it non-functional.
It is the most common CTX mutation in
Japanese patients.

Conclusions—CTX with parkinsonism is
caused by mutations with a severe impact
on enzyme function. The two mutations
described here are likely to cause loss of
function because they are chain terminat-

Clinical and laboratory manifestations of three patients with CTX with parkinsonism

Family T Family S
Patients CTX-1 CTX-2 CTX-3
Sex F F F
Age (y) 46 43 33
Age at onset (y) 1.5 1.5 9
Consanguinity + + -
Cataracts ++ ++ ++
Xanthoma ++ ++ +
Neurological dysfunctions
Low intelligence +++ +++ ++
Convulsion ++ ++ ++
Pyramidal sign +++ +++ ++
Cerebellar sign +++ +++ ++
Peripheral neuropathy + - -
Tremor ++ - +
Akinesia ++ ++ +
Rigidity + ++ -
Serum cholestanol (ug/ml)*  47.1 11.8 31.4
CSF HVA (ng/mDt 17.4 13.6 16.5

Brain MRI

Severe brain atrophy, abnormal intensities
in the pyramidal tract and midbrain

Cerebellar atrophy

Scoring system: (+++) to (=) = severe to absent; *normal concentration: 2.4+0.7 pg/ml; tnormal

concentration: 33.2+5.1ng/ml.

ing or affect an essential site in the
protein.
(¥ Neurol Neurosurg Psychiatry 1999;67:195-198)

Keywords: cerebrotendinous xanthomatosis; parkinson-
ism; premature termination codon; missense mutation

Cerebrotendinous xanthomatosis (CTX) is an
autosomal recessive lipid storage disease
caused by a deficiency of mitochondrial sterol
27-hydroxylase (EC 1.14.13.15) resulting in
the accumulation of a bile alcohol and
cholestanol in the nervous system, tendons,
and vessels." Xanthomas of the Achilles ten-
dons, cataracts, low intelligence, pyramidal
signs, and cerebellar signs are the main clinical
features.” As long term treatment with cheno-
deoxycholic acid (CDCA)’ * with or without an
inhibitor of hydroxy-methylglutaryl CoA
reductase’ may prevent the progression of
clinical manifestations, early diagnosis is im-
portant.

Recent molecular cloning of the human
sterol 27-hydroxylase cDNA® and characterisa-
tion of the genomic structure of the CYP27
gene have led to identification of molecular
defects in patients and carriers.”

We recently examined two unrelated CTX
families in which three patients presented with
symptoms of parkinsonism as well as more
typical clinical features. Two patients in the T
family showed more severe clinical findings
including parkinsonism than the other patient
in the S family. Abnormalities on brain MRI in
the T family patients also were more evident
than in the other patient. To elucidate the
molecular mechanisms for the unusual clinical
phenotypes, we determined the molecular
mechanisms  responsible and  analysed
genotype-phenotype correlations.

Patients and methods

PATIENTS

T family

Proband (CTX-1) was a 46 year old Japanese
female born from consanguineous parents. Her
father and her maternal grandfather were first
cousins. The proband’s 43 year old sister
(CTX-2) had identical clinical signs and
symptoms. Febrile convulsions appeared at the
age of 1.5 years in both sisters. They gradually
developed mental retardation, gait disturbance,
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A terior portion of the internal capsule, cerebral
Exon 3 peduncle, and midbrain tegmentum. In CSF,
homovanillic acid (HVA) from (CTX-1) and
(CTX-2) was decreased to 17.4 and 13.6
ng/ml, respectively (normal, 33.2 (SD 5.1)
ng/ml). Oral administration of levodopa (50
mg/day) and diphenylpyraline hydrochloride
(10 mg/day) moderately improved the parkin-
sonism in both cases, whereas mental distur-
bances, pyramidal signs, and cerebellar ataxia
Stop were unimproved (table).
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S family
Proband (CTX-3) was a 33 year old Japanese
woman born from non-consanguineous par-
ents. She sequentially developed mental retar-
dation, generalised convulsions, cataracts, and
spastic gait beginning at the age of 9 years. At
age 15 years, an EEG showed spike and wave
complexes; seizures came under good control
with phenytoin and phenobarbital. When she
was admitted to our hospital, cataracts, small
tendon xanthomas, mental disturbances, spas-
tic paraparesis, truncal ataxia, hypokinesia, and
resting tremor of the right hand were noted.
Her IQ was 52. Bilaterally diffuse 2 Hz to 7 Hz
slow waves were evident on EEG. Brain MRI
Exon 8 showed only mild cerebellar atrophy. Serum
Patient 3’ cholestanol was raised to 31.4 ug/ml, and HVA
(CTX-3) concentration in the CSF was decreased to
16.5 ng/ml (table). Treatment with CDCA
(300 mg/day) resulted in improvement of
bradykinesia and EEG abnormalities, an in-
creased CSF HVA concentration (26.7 ng/ml),
and decreased serum cholestanol concentra-
Trp™1 tion (17.9 pg/ml).
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MUTATIONAL ANALYSIS OF CYP27 GENE

Genomic DNA was extracted by standard
methods from peripheral blood leucocytes of
the three patients with CTX, their family
members, and normal controls. The CYP27
gene of normal subjects and the three patients
were amplified separately in four segments:
exon 1, exon 2, exons 3 to 5, and exons 6 to 9,
using specific primers described by Leitersdorf
et al.” The polymerase chain reaction (PCR)
products were sequenced directly using A Tth
DNA polymerase with [0-S]dCTP as a tracer
(Toyobo Co Ltd, Osaka, Japan).

O 606 6O 4 0 060 06 6 o0 0
O 06 6 4 0 4 60 6 6 o 0

5’ 5’

Figure 1 Partial nucleotide sequences of the amplified CYP27 genomic DNA confirming
single base substitution in exon 3 ((A) patient CTX-1), and exon 8 ((B) patient CTX-3).
Arrows indicate the positions of single base substitutions.

cataracts, and swellings of the Achilles tendon.
When the patients were first admitted to the
hospital, they showed mental disturbance,
brisk tendon reflexes, cerebellar ataxia, juvenile
cataracts, and Achilles tendon xanthomas. The
patient (CTX-1) had an intelligence quotient
(IQ) of 28 and showed bilateral 3 Hz to 4 Hz
slow wave bursts on EEG. Serum cholestanol
concentrations from (CTX-1) and (CTX-2)
were raised to 47.1 and 11.8 pg/ml, respectively
(normal, 2.4 (SD 0.7) pg/ml). They were diag-
nosed with CTX. Within 5 years, they
developed parkinsonism with resting tremor,
mild muscle rigidity, and hypokinesia as well as
the previously evident clinical features and

RESTRICTION FRAGMENT LENGTH POLYMORPHISM
(RFLP) ANALYSIS OF THE FAMILY MEMBERS

The genomic DNA containing exon 3 and a
part of intron 3 of the CYP27 gene from mem-
bers in the T family and a normal control was
amplified using specific primers 5 (sense,
5':tcgactggaccagctgcatgca; antisense, 5':gag-
cacaacctctccctgacccatt) to detect creation of an
EcoT22 1 site in the mutant DNA. The
genomic DNA containing exon 8 of the CYP27
gene from members in the S family and a nor-
mal control was amplified with specific primers
(sense, 5':acccagtttgtgttctgccactat; antisense,
5':aatcctgcggeccaggeatggec) to detect creation
of an Msc I site in the mutant DNA. Amplifica-

were readmitted to the hospital. T2 weighted
MRI in both patients showed severe cerebral
cortical and pontocerebellar atrophy, and also
high intensity areas in the corona radiata, pos-

tion was carried out for 30 cycles. Each cycle
consisted of denaturation for 30 seconds at
94°C, annealing for 30 seconds at 56°C, and
extension for 1 minute at 72°C. The PCR
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Figure 2 Screening for base transitions. (A) G - T transition in exon 3. The genomic
DNA of the members in the T family as well as a normal control were amplified using

the specific primers located in exon 3 and intron 3. The diagram indicates the position of
the EcoT22 I site and the size of fragments produced after EcoT22 I digestion of the PCR
product of normal control and patient DNA. The EcoT22 I-digested PCR products(+) as
well as undigested PCR products(-) were run through 8% polyacrylamide gels. Lane 1 is
the PCR product from a normal control; lane 2, from patient CTX-1; lane 3, from patient
CTX-2.; lane 4, from the patients’ mother; and lane 5, from the patients’ brother. Lane 6
is a water blank. The sizes of the fragments are indicated on the left. (B) C - T transition
in exon 8. The genomic DNA of members in the S family as well as a normal control were
amplified using the specific primers located in exon 8. The Msc I digested PCR
products(+) as well as undigested PCR products(-) were run through 8% polyacrylamide
gels. Lane 1 is the PCR product from a normal control; lane 2, from patient CTX-3; lane
3, from the patient’s father; and lane 4, from the patient’s mother. Lane 5 is a water
blank.

products were digested with EcoT22 I or Msc 1,
electrophoresed on 8% polyacrylamide gels,
and stained with ethidium bromide.

Results

IDENTIFICATION OF MUTATIONS IN THE CYP27
GENE

The nucleotide sequences of all exons, splice
junctions, and parts of introns of the CYP27
gene was determined by direct sequencing of
PCR products for the two patients, CTX-1 and
CTX-3, and a normal control. Patient CTX-1
(T family) was found to have a homozygous
substitution of codon 162 that changed gluta-
mate (GAG) to a stop codon (TAG) (fig 1 A).
The mutation in patient CTX-3 (S family) was
a nucleotide substitution that changes an
arginine residue (CGG) to a tryptophan
(TGGQG) at codon 441 (fig 1B).

DETECTION OF THE DISEASE MUTATION BY RFLP
To determine whether the mutations we
identified also appeared in patients’ family
members, we established diagnostic tests for
the mutations by examining EcoT22 I or Msc I
digested products after PCR amplification of
surrounding sequences. In the T family,
EcoT22 1 digestion of the two patients’
genomic DNA disclosed only a 126 bp
fragment derived from a mutant allele carrying
Glul62Stop, whereas EcoT22 I digestion of
DNA from the patients’ mother and brother
disclosed both a 126 bp and a 144 bp fragment.
The result suggests that the patients are homo-
zygous for the mutation, which is compatible
with the consanguineous marriage of the
parents (fig 2 A). In the S family, the patient
was confirmed as homozygous and the parents
were heterozygous for Arg441Trp (fig 2 B).

Discussion

We report here three Japanese patients with
CTX associated with parkinsonism. In CTX,
tendon xanthomas, juvenile cataracts, spastic-
ity, cerebellar dysfunction, and mental distur-
bance are the most commom clinical features,
whereas parkinsonian features such as resting
tremor, rigidity, and hypokinesia are rare.'
When Kuriyama et al’ reviewed the clinical and
laboratory findings in 136 patients with CTX,
parkinsonism was found in only three cases
including their own case.® Ten missense
mutations,” "’ two nonsense mutations,'” "’ four
frameshift mutations,” *>** and five splice junc-
tion mutations’ *** have been described in the
CYP27 gene in patients with CTX. To
determine whether our patients manifesting
parkinsonism had any of the previously identi-
fied mutations, we analysed the CYP27 gene
for mutations by PCR amplification and direct
sequencing. The mutation in the S family,
Arg”' > Trp (CGG-TGG), occurred at the
most common mutation site of the CYP27 gene
seen in Japanese patients with CTX."” As this
codon is located in two amino acids ahead of
the heme ligand binding site (Cys443), the
patient with CTX caused by the previously
described homozygous Arg441Trp mutation
had drastically reduced enzyme activity (2% of
control).” The other mutation, in the T family,
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represents a newly identified nonsense muta-
tion, Glu'” - stop (GAG - TAG), in exon 3; a
protein carrying this mutation most likely is
non-functional. These results are compatible
with the finding of more severe clinical
features, and more advanced brain MRI
findings, in the T family, than in the S family.
Thus, a truly functionally null genotype may be
associated with the more severe phenotype in
the T family, and the 2% activity associated
with Arg441Trp in the S family may give some
minimal amelioration of phenotype. However,
the findings that the patients with CTX
carrying a functionally null genotype’ '* " did
not present parkinsonism suggest that parkin-
sonism is not related to the severity of the dis-
ease in patients. This diversity suggests that not
only CYP27 gene mutations but also unknown
factors, possibly environmental in nature, can
influence the clinical features of CTX. Indeed,
the patients carrying the homozygous
Arg441Trp mutation reportedly show dramati-
cally variable clinical features ranging from
those of the severe late infantile form' of CTX
to a milder adult form® *° in Japanese patients.
In this paper, our patient shows parkinsonism.

Fiorelli et al’® reported a patient with CTX
showing mild dementia, spastic tetraparesis,
and extrapyramidal signs. From the findings of
brain MRI, they concluded that parkinsonism
may have resulted from disturbances of the
globus pallidus and substantia nigra. In our
patients, abnormal intensity was also demon-
strated by MRI in the pyramidal tract and
midbrain. In patients in the T family, distur-
bance involving the substantia nigra is the most
likely reason for their parkinsonism. In patient
CTX-3 we did not find any areas of abnormal
intensity in the basal ganglia or midbrain by
MRI. Yet, the improvement of parkinsonism
and rise in a previously decreased CSF HVA
concentration on administration of CDCA
show her parkinsonism to be a clinical
manifestation of CTX rather than a primary
form. Thus, MRI is not always able to demon-
strate the pathological basis of parkinsonism.
Brain PET study may demonstrate the patho-
logical region of patients with CTX presenting
with parkinsonism.
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