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there is evidence that high doses of aripiprazole are associ-
ated with higher frequency of NMS."°

In conclusion, we may state that NMS may appear as
a complication of ERI formulations of aripiprazole. The
delayed onset after administration of the drug and the sever-
ity and duration of symptoms are the result of the complex
pharmacodynamics of these formulations.
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A new CYP27A1 mutation in a
case of cerebrotendinous
xanthomatosis

Gheck for
Updaies

Una nueva mutacion CYP27A1 en un caso de
xantomatosis cerebrotendinosa

Dear Editor,

Cerebrotendinous xanthomatosis (CTX) is a rare autosomal-
recessive lipid storage disease caused by mutations in the
CYP27A1 gene. Clinical manifestations of CTX are so broad
and diverse that diagnostic delay or under-diagnosis hap-
pened frequently, especially in the early disease phase.

We present the case of a 31-year-old Chinese woman
presented with gait disturbance for more than 1 year.
She developed recurrent diarrhea since birth and suffered

from frequent coughing and fever since the age of 4. She
had learning difficulties and was poor at sports through-
out childhood. At 10 she developed progressive vision
loss, and had operation due to bilateral cataracts 6 years
later. Cholecystectomy was performed for cholecystitis with
cholecystolithiasis at the age of 27. Recently, she was found
short-tempered and difficult to communicate.

Her physical examination demonstrated bilateral ptosis,
decreased myodynamia of lower limbs (grade 4), ataxia,
knee and ankle hyperreflexia, positive ankle clonus and pos-
itive bilateral pathological signs. The protuberance on her
achilles tendons are visible and palpable on both sides. Her
Mini-Mental State Examination score was 24.

Our patient’s serum lipid level was normal while both
chenodeoxycholic acid (CDCA) and ursodeoxycholic acid
(UDCA) were decreased. The brain MRI revealed hyper-
intensity lesions on bilateral cerebellar dentate nucleus and
deep medulla (Fig. 1A). MRS showed that NAA and Cho peak
decreased, and lipid peak and lactate peak increased at
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Figure 1

Neuroimaging features. Axial (A) and Sagittal (B) T2 Flair images display bilateral hyperintensity of the dentate nucle

(black arrow). MRS (C) revealed increased lipid and lactate peaks and decreased choline and N-acetyl aspartate peaks in bilateral
cerebellar dentate nucleus. Left ankle MRI PD-weighted images (D) display uneven hyperintensity of the left Achilles tendon.

Figure 2  Achilles tendon biopsy. (A, HE, x200)(B, HE, x400) Foam-like cellular tissue with scattered lymphocyte infiltration can
be observed (black arrow). (C, Oil red O, x200) Lipid droplets can be observed (black arrow).

bilateral cerebellar dentate nucleus (Fig. 1C). PD-weighted
images of left ankle displayed thickening of the left Achilles
tendon with abnormal lesions (Fig. 1D). Foam-like cellular
tissue with scattered lymphocyte infiltration was observed
after a biopsy of the left Achilles tendon (Fig. 2). Sanger
sequencing showed two heterozygous mutations in the
CYP27A1 gene. According to ACMG guidelines, c.379C>T can
be graded as pathogenic variants, while c.1263+3G>C can be
graded as variants of uncertain significance (VUS).

Treatment was initiated since April 2021 with UDCA sup-
plementary treatment and lipid-lowering treatment. At the
most recent follow-up, the patient became calmer and her
ptosis disappeared due to a possible neural functional recov-
ery, while her gait remained the same as before.

Decreased activity of the mitochondrial enzyme 27-
sterol-hydroxylase encoding by the CYP27A1 gene leads
to impaired bile acid synthesis, resulting in reduced pro-
duction of cholic acid and bile acids (especially CDCA)."?
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Consequently, increased cholesterol metabolites, such as
cholestanol, accumulate mainly in the brain, lenses, and
tendons.? Our patient’s serum lipid level is within normal
limits; however, she still had early signs of prema-
ture atherosclerosis and tendon xanthomas. The reduction
in the ability of reverse cholesterol transport and the
anti-atherosclerotic function of extrahepatic sterol 27-
hydroxylase may explain the contradiction.*>

At present, CYP27A1 is the only gene known to be associ-
ated with CTX. In this case, the paternal mutation c.379C>T
is a known pathogenic mutation, while the maternal muta-
tion is c.1263+3G>C, which has not been reported yet, and
the clinical significance of the variant remains undefined.

Chronic unexplained infantile diarrhea and juvenile
cataracts are considered as an important cue for early
diagnosis, which often precede the appearance of tendon
xanthomas and neurological symptoms.® Lens nuclei from
CTX patients had a greater cholestanol content compared
with the senile lens nuclei used as a control.” Recurrent res-
piratory tract infections since the patient’s preschool period
was unequivocal, which has not been considered as an early
symptom of CTX yet.

During the second or third decade of life, xanthomas
usually start to appear on the Achilles tendon.®’ Xan-
thoma is a characteristic feature but not essential for CTX
diagnosis.'” However, the diagnosis of CTX will not be con-
sidered by current doctors until obvious tendon xanthoma is
noticed.

The most common neuropsychiatric symptoms of CTX
are mental retardation, pyramidal and cerebellar symp-
toms. Learning difficulties and poor athletic ability are often
neglected. Behavioral and personality changes are easily
concealed by adolescent rebellion. Therefore, it is par-
ticularly important to take developmental delays, mental
retardation, learning difficulties, behavioral disorders, and
mood disorders beginning in childhood or adolescence into
consideration for early diagnosis of CTX.

At present, CTX is considered to be a treatable metabolic
disease. The long-term efficacy of CDCA treatment was
demonstrated in a study in 1984."" There have been con-
tinuous doubts about it recently, especially for patients
with existing significant neurological symptoms. Although
the cholesterol level returns to normal after the use of CDCA
treatment, the deterioration of the disease is inevitable.'?
Long-term follow-up studies have shown that the age at
which patients were diagnosed and started CDCA treatment
is closely related to their prognosis, and early diagnosis and
treatment are essential for CTX.

With this case of CTX where a new CYP27A1 mutation
was found, we aim to provide more clues for clinicians in
diagnosis and treatment, and help to expand the phenotypic
and genotypic spectrum of this rare disease. In addition to
neurologist, pediatricians and ophthalmologists as the first
contact doctors should raise their awareness to CTX as well.

Authors’ contributions

All authors contributed significantly to the creation of this
manuscript; each fulfilled criteria as established by the
ICMJE.

Consent-to-disclose

Patient Consent-to-disclose Form was signed by the patient
after fully understanding.

Funding

F.Y. Qian reports that this study was supported by the
National Natural Science Foundation of China (82001336)
and Nanjing Municipal Health Science and Technology Devel-
opment Special Fund Project (YKK19161).

Y.J. Guo reports that this study was supported by the
National Natural Science Foundation of China (81471187).

Conflict of interest

The authors declare that they have no conflict of interest.

References

1. DeBarber AE, Connor WE, Pappu AS, Merkens LS, Steiner RD.
ESI-MS/MS quantification of 7alpha-hydroxy-4-cholesten-3-one
facilitates rapid, convenient diagnostic testing for cere-
brotendinous xanthomatosis. Clin Chim Acta. 2010;41:43-38,
http://dx.doi.org/10.1016/j.cca.2009.09.036.

2. DeBarber AE, Luo J, Giugliani R, Souza CM, Chiang JP,
Merkens LS, et al. A useful multi-analyte blood test for cere-
brotendinous xanthomatosis. Clin Biochem. 2014;47:860—3,
http://dx.doi.org/10.1016/j.clinbiochem.2014.04.017.

3. Bhattacharyya AK, Lin DS, Connor WE. Cholestanol metabolism
in patients with cerebrotendinous xanthomatosis: absorption,
turnover, and tissue deposition. J Lipid Res. 2007;48:185—-92,
http://dx.doi.org/10.1194/jlr.M600113-JLR200.

4. Babiker A, Andersson O, Lund E, Xiu RJ, Deeb S, Reshef
A, et al. Elimination of cholesterol in macrophages and
endothelial cells by the sterol 27-hydroxylase mechanism.
Comparison with high density lipoprotein-mediated reverse
cholesterol transport. J Biol Chem. 1997;272:26253—61,
http://dx.doi.org/10.1074/jbc.272.42.26253.

5. Marengo B, Bellora F, Ricciarelli R, De Ciucis C, Furfaro
A, Leardi R, et al. Oxysterol mixture and, in particu-
lar, 27-hydroxycholesterol drive M2 polarization of human
macrophages. doi:10.1002/biof.1243.

6. Degos B, Nadjar Y, Amador Mdel M, Lamari F, Sedel F, Roze E,
et al. Natural history of cerebrotendinous xanthomatosis: a pae-
diatric disease diagnosed in adulthood. Orphanet J Rare Dis.
2016;11:41, http://dx.doi.org/10.1186/513023-016-0419-x.

7. McKenna P, Morgan SJ, Bosanquet RC, Laker MF. A case
of cerebrotendinous xanthomatosis. Il: The sterol content
of a cataractous lens. Br J Ophthalmol. 1990;74:629-30,
http://dx.doi.org/10.1136/bjo.74.10.629.

8. Dotti MT, Salen G, Federico A. Cerebrotendinous xanthomatosis
as a multisystem disease mimicking premature ageing. Dev Neu-
rosci. 1991;13:371—6, http://dx.doi.org/10.1159/000112187.

9. Varman KM, Dunbar K, Usifo K, Stevens CA. Cerebro-
tendinous xanthomatosis: a treatable genetic disease
not to be missed. J Clin Rheumatol. 2016;22:92-3,
http://dx.doi.org/10.1097/RHU.0000000000000367.

10. Verrips A, van Engelen BG, Wevers RA, van Geel BM, Cruys-
berg JR, van den Heuvel LP, et al. Presence of diarrhea
and absence of tendon xanthomas in patients with cere-

377


dx.doi.org/10.1016/j.cca.2009.09.036
dx.doi.org/10.1016/j.clinbiochem.2014.04.017
dx.doi.org/10.1194/jlr.M600113-JLR200
dx.doi.org/10.1074/jbc.272.42.26253
http://dx.doi.org/10.1002/biof.1243
dx.doi.org/10.1186/s13023-016-0419-x
dx.doi.org/10.1136/bjo.74.10.629
dx.doi.org/10.1159/000112187
dx.doi.org/10.1097/RHU.0000000000000367

C. Cores Bartolomé, E. Rubio Nazabal, M.J. Sobrido et al.

brotendinous xanthomatosis. Arch Neurol. 2000;57:520—4,
http://dx.doi.org/10.1001/archneur.57.4.520.

11. Chen C, Zhang Y, Wu H, Sun YM, Cai YH, Wu JJ, et al. Clinical and
molecular genetic features of cerebrotendinous xanthomatosis
patients in Chinese families. Metab Brain Dis. 2017;32:1609—18,
http://dx.doi.org/10.1007/s11011-017-0047-8.

12. Pilo-de-la-Fuente B, Jimenez-Escrig A, Lorenzo JR,
Pardo J, Arias M, Ares-Luque A, et al. Cerebrotendi-
nous xanthomatosis in  Spain: clinical, prognostic,
and genetic survey. Eur J Neurol. 2011;18:1203—11,
http://dx.doi.org/10.1111/j.1468-1331.2011.03439.x.

S.Y. Zhang®™'  FY. Qian®>", B.Y. Yuan®®, Y.J. Guo®"*

a Department of Neurology, Affiliated Zhongda Hospital of
Southeast University, Nanjing, Jiangsu Province 210009,
China

b School of Medicine, Southeast University, Nanjing,
Jiangsu Province 210009, China

*Corresponding author.

E-mail address: guoyijingseu@126.com (Y.J. Guo).

" Equal author contributions: S.Y. Zhang and F.Y. Qian are
co-first authors.

https://doi.org/10.1016/j.nrleng.2022.02.001

2173-5808/

© 2022 Published by Elsevier Espaia, S.L.U. on behalf of Sociedad
Espafola de Neurologia. This is an open access article under the
CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/3.0/).

378


dx.doi.org/10.1001/archneur.57.4.520
dx.doi.org/10.1007/s11011-017-0047-8
dx.doi.org/10.1111/j.1468-1331.2011.03439.x
mailto:guoyijingseu@126.com
https://doi.org/10.1016/j.nrleng.2022.02.001
http://creativecommons.org/licenses/by-nc-sa/3.0/

	A new CYP27A1 mutation in a case of cerebrotendinous xanthomatosis
	Authors’ contributions
	Consent-to-disclose

	Funding
	Conflict of interest
	References

	References
	A new CYP27A1 mutation in a case of cerebrotendinous xanthomatosis
	Authors' contributions
	Consent-to-disclose
	Funding
	Conflict of interest

	References

