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BACKGROUND: Cerebrotendinous xanthomatosis (CTX) is an autosomal recessive lipid storage dis-
order associated with mutations in the CYP27A1 gene, and the genetic features of CTX in Taiwanese
have not been examined before.

OBJECTIVES: We report a new CTX family with a novel mutation in the CYP27A1 gene and
analyze the clinical and molecular genetic features of CTX in Taiwan.

METHODS: The clinical and molecular genetic features of the two siblings from the new CTX fam-
ily and the other 7 reported Taiwanese CTX patients were included for analysis. The clinical features of
the enrolled CTX patients were recorded using the indicators that make up the suspicion index (SI).

RESULTS: The age at CTX diagnosis of the two siblings in the new CTX family were in late 30s,
and predominantly psychiatric features. Both siblings had compound heterozygous splicing muta-
tions in the CYP27A1 gene, including one mutation in exon 2 (c.435G.T, cryptic splice site) and
one mutation in intron 7 (c.1264A.G, canonical splice site). None of the CTX patients in Taiwan
were diagnosed during childhood or adolescence, and the most common clinical features of the 9
Taiwanese CTX patients were tendinous xanthomas, followed by ataxia and/or spastic paraparesis,
dentate nuclei signal alternation at magnetic resonance imaging, intellectual disability and/or psychi-
atric disturbance, and polyneuropathy. Mutations in the CYP27A1 gene in the Taiwanese population
were most commonly observed in exon 2, followed by exon 8 and intron 7. Except for one CTX pa-
tient who had an SI score of 100, the SI scores ranged from 300 to 400 before the study of the
CYP27A1 gene and diagnosis.

CONCLUSIONS: We reported two Taiwanese CTX siblings who had compound heterozygous mu-
tations in CYP27A1. Exons 2 and 8 and intron 7 are the hotspots for Taiwanese CTX mutations. The
Gung Medical Foundation (CGMF grant CMRPG8J0041), and Ministry of Science and Technology (MOST grants
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diagnosis of CTX in Taiwan is usually delayed and is probably under-recognized based on statistical
estimations. Early identification and genetic diagnosis may be helpful to CTX patients because early
treatment can reduce the accumulation of cholestanol and slow disease progression.
� 2019 National Lipid Association. All rights reserved.
Introduction

Cerebrotendinous xanthomatosis (CTX) is an autosomal
recessive lipid storage disorder associated with mutations in
the CYP27A1 gene. CTX is characterized by impaired pri-
mary bile acid biosynthesis, increased concentrations of
bile alcohols and increased formation of plasma and tissue
cholestanol that accumulates in multiple organs, particu-
larly in the central nervous system.1–3 CTX has both neuro-
logical and nonneurologic presentations.1–3 In CTX, brain
magnetic resonance (MR) imaging usually demonstrates
cortical and cerebellar atrophy, hypersignal changes
involving subcortical, periventricular and cerebellar white
matter, the brainstem, and the dentate nuclei.4 Elevation
of serum cholestanol levels is an important clinical
biomarker that indicates CTX; its diagnosis can be further
confirmed by detecting mutations in the CYP27A1 gene.
In the present study, we described two CTX siblings with
a novel mutation in the CYP27A1 gene and analyzed the
molecular genetic features of all reported CTX patients in
Taiwan, which has not been investigated before.5–8 The
clinical features of enrolled CTX patients were recorded us-
ing the indicators in the suspicion index (SI) reported by
Mignarri et al.9 These data were then used to examine the
clinical states of patients in Taiwan before and after their
CTX diagnosis.
Methods

Patient recruitment and literature review

The index family (Fig. 1) diagnosed at our institute and
their medical records were reviewed. Informed consents
were obtained from the patients and the study was approved
by the local institutional human research ethics committee
of Kaohsiung Chang Gung Memorial Hospital (IRB no.
201700506A3). A literature review was performed by
searching PubMed using the following keywords: ‘‘cerebro-
tendinous xanthomatosis’’ and ‘‘Taiwan’’; this identified 7
additional Taiwanese CTX patients.5–8

Measurement of serum cholestanol/cholesterol
levels

All lipid material was extracted from 200 mL blood
plasma, using a modified Folch extraction optimized for
blood plasma. A total of 3 mL of a chloroform–methanol
extraction medium (2:1 by volume) was used for each
extraction. The extraction was performed in a 13-cm glass
tube with a cap. The water-methanol layer was discarded to
leave the denatured protein precipitate, and the chloroform
layer was evaporated to dryness. Next, the extract was
redissolved in ~650 mL of deuterated chloroform for 1H-
NMR analysis (Varian Unity Inova 500 MHz).10,11 Quanti-
fication of cholestanol/cholesterol levels is based on the
fact that the NMR signal intensity is proportional to the to-
tal amount (Supplement Fig. 1). External reference dibro-
momethane was utilized to quantify the concentrations of
cholestanol and cholesterol by calculating the integral
areas.12

Genetic study

Genomic DNA was extracted as previously described.13

Primers were designed for all 9 coding exons of CYP27A1,
including at least 10 base pair flanking introns using Pri-
mer3Plus. Bidirectional Sanger sequencing was performed
on the affected brothers and the unaffected mother of the
CTX family using an ABI 3730XL system (Applied
Biosystems).
Results

Index family

The pedigree of the CTX index family (family I) is
shown in Figure 1. There was no known consanguineous
marriage in the family. The clinical and neuroimaging pre-
sentations of the proband (case I-1) and his younger brother
(case I-2) are listed in Table 1. The birth history and early
developmental milestones of the two siblings were
unremarkable.

Case I-1

This 38-year-old male had normal psychomotor devel-
opment during his childhood and adolescence. At the age of
14 years he was found to have tendinous masses located at
the bilateral ankles (Fig. 2A). Since the age of 24 years, he
had employment problems and changed jobs frequently
because of poor relationships with his colleagues. At the
age of 34 years, he was found to have psychotic features,
which presented predominantly as a delusion of persecution
and auditory hallucinations during a family crisis. He was
diagnosed with schizophrenia at the age of 37 years and
had problems in carrying out daily activities. On examina-
tion, his cranial nerves and the muscle powers were normal.
His deep tendon reflexes were diffuse, symmetrical, and



Figure 1 The upper panel shows the pedigree of family I with
compound heterozygous CYP27A1 splice site mutations, including
a novel splice site mutation. The lower panel illustrates the chro-
matography of the two splice site mutations. (NCBI
RefSeq:NM_000784).
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hyperactive without pathologic reflexes. A sensory exami-
nation was normal except for decreased vibration sensation
in the bilateral lower limbs. Bilateral finger-nose and heel-
knee-shin tests and rapid alternating movements were
impaired. He could not perform tandem gait smoothly. He
had extrapyramidal signs, including masked face, bradyki-
nesia, and the presence of cogwheel rigidity in the upper
limbs. His Mini–Mental State Examination score was 20.
An electroencephalography examination revealed general-
ized slow activities and a nerve conduction study revealed
mixed sensorimotor polyneuropathy. His serum cholesterol
and cholestanol levels were 0.619 mg/mL (normal range:
1.66 6 0.32) and 19.82 mg/mL (normal range: 3.37 6
1.55), respectively. The results of his brain MR imaging
study are shown in Figure 2B–E.

Case I-2

This 37-year-old male is the younger brother of case I-1;
he also had normal psychomotor development during his
childhood and adolescence. At the age of 16 years, he was
found to have tendinous xanthomas located at bilateral
ankles and knees, as well as the extensor side of his elbows
(Fig. 2F). In 2017, while taking care of his older brother at
our psychiatric ward, he was found to have disorganized
thought, an illogical thinking process and strange behavior.
In 2018, he started to have delusions and severe depressed
moods; he made several attempts to commit suicide. On
further examination, his cranial nerves and the muscle po-
wer and deep tendon reflexes of all four of his limbs were
normal. A sensory examination revealed reduced vibration
sensation in his bilateral lower limbs. Mild dysmetric bilat-
eral finger-nose and heel-knee-toe tests, as well as mild
impairment of tandem gait were noted. He also had extra-
pyramidal signs, including masked face, bradykinesia,
and resting tremor and cogwheel rigidity of the right
hand. His serum cholesterol and cholestanol levels were
0.867 mg/mL (normal range: 1.66 6 0.32) and 24.71 mg/
mL (normal range: 3.37 6 1.55), respectively. His Mini–
Mental State Examination score was 25. An electroenceph-
alography study showed generalized slow activity and a
nerve conduction study revealed mixed sensorimotor poly-
neuropathy. The results of his brain MR imaging study are
shown in Figure 2G–J.

Genetic study

Sanger sequencing of the proband and his brother
demonstrated that they both had compound heterozygous
mutations in their CYP27A1 gene (Fig. 1) (NCBI Re-
fSeq:NM_000784). The mutation in exon 2 (c.435G.T,
p.Gly145Gly) is a known pathogenic mutation
(rs587778796), which has been reported to cause alterna-
tive splicing using a cryptic 5’ splice site.14 The other mu-
tation is a novel splice site mutation (c.1264A.G,
p.Thr422Ala) that affects the canonical splice site of intron
7 and exon 8, which is likely to affect mRNA splicing.

Summary of the clinical, genetic, and laboratory
findings of reported CTX cases in Taiwan

In total, seven additional CTX patients were reported in
the literature; these were identified from four Taiwanese
families.5–8 Their clinical, genetic, and laboratory findings
are listed as families II to V in Table 1.
Discussion

Although CTX consists of diverse neurological symp-
toms, it is uncommon for CTX patients to present predom-
inantly psychiatric features, such as depression, delusion,
hallucination, and schizophrenia.15–17 In the present study,
psychiatric manifestations were the primary clinical fea-
tures of the two siblings from the index family. Adult onset
psychiatric disorders caused by metabolic etiology such as
CTX are rare but treatable condition, which requires
prompt intervention. Previous studies have demonstrated
that chenodeoxycholic acid therapy can be beneficial.1,18

The key feature ‘‘concomitant tendinous xanthomas since
adolescence’’ was missed in both siblings from the index
family for years. The onset of psychiatric symptoms in
the 4th decade of life leads to the correct diagnosis. They
both had typical brain MR imaging abnormalities4 at the
time of the diagnosis (Fig. 2), involving diffusely of the
supratentorial and infratentorial structures.

As shown in Table 1, none of the CTX patients in
Taiwan were diagnosed during childhood or adolescence.



Table 1 Demographic data, clinical characteristics, and molecular genetic features of cerebrotendinous xanthomatosis (CTX) patients in Taiwan

Family I (index family) II5 III6 IV7 V8

Case number/Gender 1/M 2/M 1/F 2/M 3/F 1/M 2/M 1/M 1/F
Age at onset (y) 14 16 7 6 6 7 7 16 ,22
Age at CTX diagnosis (y) 38 38 37 32 31 24 23 34 42
Serum cholestanol level (ug/mL) 19.82 24.71 41.05 46.78 37.74 28.2 24.7 NA 27.5

Genetic mutation (CYP 27A1 gene) Compound heterozygous:
435G.T (exon 2) splice
site 1264A.G (exon 7)
splice site

Homozygous: 326delC
(exon 2) frameshift

Compound heterozygous:
1333C.T (exon 8)
nonsense IVS711G.A
(intron7) splice site

Compound heterozygous:
379C.T, p.R127W (exon 2)
missense IVS711G.A
(intron 7) splice site

Compound heterozygous:
206delC (exon 2)
frameshift 310C.T,
p.M104L (exon 2)
missense

Suspicion Index Score (before diagnosis) 300 300 350 350 350 400 325 325 100
A (very strong indicators; each
score 5 100)
A1 Sibling with CTX 2* 2* 2* 2* 2* 2* 2* 2* 2
A2 Tendon xanthomas 1 1 1 1 1 1 1 1 1

B (strong indicators; each score 5 50)
B1 Consanguineous patients 2 2 2 2 2 2 2 2 2
B2 Juvenile cataracts 2 2 1 1 1 1 1 1 2
B3 Childhood-onset chronic diarrhea 2 2 NA NA NA 1 2 NA NA
B4 Prolonged unexplained neonatal

jaundice
2 2 NA NA NA 2 2 NA NA

B5 Ataxia and/or spastic paraparesis 1 1 1 1 1 1 1 1 2
B6 Dentate nuclei signal alterations

at MRI
1 1 1 1 1 1 1 1 NA

B7 Intellectual disability psychiatric
disturbances

1 1 1 1 1 1 1 1 2

Ｃ (moderate indicators; each score 5 25)
C1 Early osteoporosis 2 2 1 1 1 2 2 NA NA
C2 Epilepsy 2 2 2 2 2 1 2 2 2
C3 Parkinsonism 1 1 2† 2† 2 2 2 2 2
C4 Polyneuropathy 1 1 1 1 1 1 1 1 NA

MRI, magnetic resonance imaging.
*Positive after serum cholestanol measurement and/or genetic study.

†Becoming positive in late stage;

4
Jo
u
rn
al

o
f
Clin

ical
Lip

id
o
lo
g
y,

V
o
l
-

,
N
o
-

,
-

2
0
1
9



Figure 2 (A–E) Case I-1: A shows a xanthoma located at the left Achilles tendon, (B–E) Brain magnetic resonance (MR) of fluid atten-
uated inversion recovery (FLAIR) images showing hyperintensity lesions located at the (B) dentate nuclei (arrow), (C) pons (arrow), (D)
cerebral peduncles (arrow) and (E) periventricular white matters (arrow). (F–J) Case I-2: F shows a xanthoma located at the left Achilles
tendon, (G–J) Brain MR FLAIR images showing hyperintensity lesions located at the (G) dentate nuclei and cerebellar hemispheres (ar-
row), (H) pons (arrow), (I) cerebral peduncles (arrow), and (J) periventricular white matter (arrow).
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The most common clinical features of the 9 Taiwanese
CTX patients were tendinous xanthomas (100%, 9/9),
ataxia and/or spastic paraparesis (88.9%, 8/9), dentate
nuclei signal alternation at MR imaging (88.9%, 8/9), intel-
lectual disability and/or psychiatric disturbance (88.9%, 8/
9), polyneuropathy (88.9%, 8/9), and juvenile cataracts
(66.7%, 6/9). Other clinical features included parkinsonism
(44.4%, 4/9), early osteoporosis (33.3%, 3/9), epilepsy
(11.1%, 1/9), and childhood-onset chronic diarrhea (11.1,
1/9). None of this cohort had prolonged unexplained
neonatal jaundice (0%, 0/9). None of the five families
were known to be consanguineous, although one was
caused by a homozygous CYP27A1 mutation. The recorded
clinical presentations of Taiwanese CTX patients (Table 1)
are somewhat different from that of previous reports,1–3,9,19

where childhood-onset chronic diarrhea and cognitive
impairment/developmental delay were common presenta-
tions. This difference may be due to i) a lack of remote
medical history in childhood and adult CTX patients, and
ii) limited access to serum cholestanol level screening in
Taiwan.

The SI9 was designed to provide a simple and inexpen-
sive diagnostic tool to enable the diagnosis and treatment of
CTX before the occurrence of neurological disability. As
shown in Table 1, all cases except V-1 had high SI scores
(300 to 400) at the time of their CTX diagnosis. This
finding suggests that CTX is markedly delayed diagnosed
and probably also underdiagnosed in Taiwan. According
to epidemiological data reported by Salen et al.,19 the au-
thors estimate that there should be about 350 CTX patients
in Taiwan as it has a population of 23,758,247.20 The de-
layed diagnosis and underdiagnosis of CTX was also noted
in the recent reports of Chinese and Japanese CTX pa-
tients.19,21 Treatment started at an early age, especially
before the age of 24 years, can reverse and even prevent
the development of neurological symptoms in CTX pa-
tients.2 Unfortunately, we are unable to evaluate the treat-
ment response of CTX in Taiwan because of the lack of
access of chenodeoxycholic acid therapy, which is not
approved for CTX. Nevertheless, early diagnosis of CTX
should be emphasized and newborn screening programs
for CTX should be seriously considered in Taiwan.22

To date, more than 100 different mutations have been
reported in the CYP27A1 gene, including missense, splice
site, and nonsense mutations and deletions, as well as inser-
tions. No genotype-phenotype correlation has been estab-
lished between specific mutations and specific clinical
features or disease severity.19,23 As shown in Table 1,
most Taiwanese families had compound heterozygous mu-
tations, except family II who had a homozygous mutation.
Mutations in the CYP27A1 gene in the Taiwanese popula-
tion were most commonly seen in exon 2 (6/10, 60%), fol-
lowed by exon 8 (2, 20%) and intron 7 near exon 8 (2/10,
20%). A founder effect was not observed in Taiwanese
CTX patients. Most mutations were splicing or truncating
mutations, including frameshift and nonsense mutations,
resulting in loss of enzyme function. Only two missense
mutations were reported and both were located in exon 2,
which has been implicated as a mitochondrial membrane
associated domain. The effect of missense mutations in
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this region on CYP27A1 function remains to be
determined.24
Conclusions

The present study reported two CTX siblings from a new
Taiwanese family who had compound heterozygous muta-
tions in their CYP27A1 gene, including a novel splicing
mutation. In addition to the two new CTX siblings, there
have been another 7 reported Taiwanese CTX patients.
Exons 2 and 8 and intron 7 are the hotspots for Taiwanese
CTX mutations. The diagnosis of CTX in Taiwan is usually
delayed and probably under-recognized based on statistical
estimations. Earlier identification and genetic diagnosis
may be helpful to patients because early treatment can
hinder the accumulation of cholestanol and slow disease
progression.
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Appendix
Supplement Figure 1 (A) Quantification of cholesterol and cholestanol with respect to the external reference dibromomethane (DBM,
CH2Br2). (B) Characteristic resonance assignment: cholesterol, the C19 methyl (singlet, CH32) signal at 0.998 ppm and the C18 methyl
(singlet, CH32) signal at 0.658 ppm; cholestanol, the C19 methyl (singlet, CH32) signal at 0.810 ppm and the C18 methyl (singlet,
CH32) signal at 0.632 ppm. Quantification of free cholesterol and cholestanol: Integrals of the C18 methyl (CH32) signal at 0.658 ppm
and the C18 methyl (CH32) signal at 0.632 ppm relative to the DBM signal at 4.91 ppm, were taken for the calculation of free cholesterol
and cholestanol, respectively.
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