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We describe a male with a maternally inherited 9.75-kb intra-
genic deletion of ACSL4. Fewer than 25 individuals have been re-
ported with ACSL4-related X-linked intellectual disability (XLID).
This individual highlights a unique presentation of ACSL4-related
XLID and reveals additional pathways for investigation.

Patient description

This boy was born at term via an uncomplicated spontaneous
vaginal delivery. Initial development was normal. He presented
with acute-onset left hemiparesis at 16 months due to an acute
arterial ischemic stroke (AIS) in the right basal ganglia. Tests for
parainfluenza and adenovirus were positive. Vascular tortuosity
All the authors were involved in data collection and the writing and critical
revision of the final manuscript.

The authors declare no conflicts of interest or competing interests pertaining to
the manuscript.

Publication of a single patient's clinical findings does not require REB review as
per second edition of the Tri-Council Policy Statement: Ethical Conduct for Research
Involving Humans (TCPS 2).

No external funding or material support was necessary for this work.
* Communications should be addressed to: Dr. Argiropoulos; Cytogenetics Lab-

oratory; Calgary Genetic Lab Services; 28 Oki Drive NW; Calgary, AB, T3B 6A8,
Canada.

E-mail address: cchang2015@meds.uwo.ca (B. Argiropoulos).

https://doi.org/10.1016/j.pediatrneurol.2019.06.014
0887-8994/© 2019 Elsevier Inc. All rights reserved.
was present. Additional evaluation for stroke risk factors, including
lumbar puncture, echocardiogram, and examination of blood for
thrombophilia and inflammatory markers were negative.

At three years, severe communication delays were evident.
Behavioral difficulties included frequent outbursts, irritability, and
tantrums. There were no limitations in gross or fine motor func-
tioning. At 4.5 years, he developed seizures characterized by eye
deviation and automatisms. At age five years, a microarray was
performed to evaluate severely delayed language, intellectual, so-
cial, and behavioral development. He was nondysmorphic on
clinical genetics assessment.

Chromosome microarray (via the Cytosure ISCA 8 � 60 K v2.0
platform) on peripheral blood detected a 9.75-kb copy number loss
within chromosome Xq23, encompassing exons 1 to 6 of ACSL4: arr
[GRCh37] Xq23(108919564_108929311)x0. Microarray analysis in
the mildly delayed mother identified a mosaic heterozygous dele-
tion of the same region (level of mosaicism 9.7%).

Follow-up imaging two years post-AIS revealed no significant
change from the previous study.

Discussion

ACSL4 (MIM 300157) was the first gene shown to be involved in
nonsyndromic intellectual disability (ID) and fatty acid

mailto:cchang2015@meds.uwo.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pediatrneurol.2019.06.014&domain=pdf
www.sciencedirect.com/science/journal/08878994
www.elsevier.com/locate/pnu
https://doi.org/10.1016/j.pediatrneurol.2019.06.014
https://doi.org/10.1016/j.pediatrneurol.2019.06.014
https://doi.org/10.1016/j.pediatrneurol.2019.06.014


C.A. Chang et al. / Pediatric Neurology 100 (2019) 100e101 101
metabolism.1 Males with ACSL4 point or splice-site mutations
present with behavioral issues, mildly affected electroencephalo-
gram, and severely delayed speech.2,3 Four families have been re-
ported with large contiguous deletions or rearrangements
involving ACSL4, presenting with ID and clinical findings relating to
the loss or disruption of neighboring genes.4-7

ACSL4 encodes a long-chain acyl-CoA synthetase that converts
free long-chain fatty acids into fatty acyl-CoA esters. Marked
reduction in enzymatic activity in vitro leads to deranged fatty acid
metabolism in neurons, alterations in dendritic spine, and attenu-
ation of neuronal differentiation, implicating its loss in abnormal
neuronal development.1,2,8,9

Our patient had typical features of ACLS4 disruption, with ID and
lack of dysmorphic features. His initial presentationwith childhood
stroke may represent an expansion of the phenotype. In patients
with stroke and developmental delay out of proportion to expected
findings, chromosomal microarray is an appropriate next-line
investigation.

We hypothesize that ACSL4 deficiency may have influenced our
patient's predisposition to, as well as recovery from childhood-
onset stroke. Arteriopathy is the leading cause of childhood AIS
with both genetic and environmental associations (reviewed by
McCrea et al., 2019).10 ACLS4 plays an important role in arach-
idonate metabolism and may act to the regulate secretion of
arachidonic acid-derived lipid mediators from the arterial wall.
Sustained ACLS4 downregulation in arterial smooth muscle cells in
vitro reduces synthesis of prostaglandin E2, a prostaglandin with
vasodilator effects.11 Downstream effects of ACSL4 may include
regulation of smooth muscle cells proliferation, release of inflam-
matory mediators, or other processes in the vascular wall.11

There are several limitations to our report. No other individuals
with a deletion encompassing only ACSL4 have been reported in the
literature, and the patients with point mutations or large
contiguous gene deletions have not been reported to have had
cerebrovascular events or vascular imaging. Therefore the presence
of AIS in our patient may be incidental. Additional vascular imaging
studies in patients with ACLS4 disruptions may help to clarify
whether there is a true underlying association with vascular tor-
tuosity or childhood stroke.
References

1. Meloni I, Muscettola M, Raynaud M, et al. FACL4, encoding fatty acid-CoA ligase
4, is mutated in nonspecific X-linked mental retardation. Nat Genet. 2002;30:
436e440.

2. Longo I, Frints SGM, Fryns J-P, et al. A third MRX family (MRX68) is the result of
mutation in the long chain fatty acid-CoA ligase 4 (FACL4) gene: proposal of a
rapid enzymatic assay for screening mentally retarded patients. J Med Genet.
2003;40:11e17.

3. Yonath H, Marek-Yagel D, Resnik-Wolf H, et al. X inactivation testing for
identifying a non-syndromic X-linked mental retardation gene. J Appl Genet.
2011;52:437e441.

4. Piccini M, Vitelli F, Bruttini M, et al. FACL4, a new gene encoding long-chain
acyl-CoA synthetase 4, is deleted in a family with Alport syndrome, elliptocy-
tosis, and mental retardation. Genomics. 1998;47:350e358.

5. Rodriguez JD, Bhat SS, Meloni I, et al. Intellectual disability, midface hypoplasia,
facial hypotonia, and Alport syndrome are associated with a deletion in Xq22.3.
Am J Med Genet A. 2010;152:713e717.

6. Gazou A, Riess A, Grasshoff U, et al. Xq22.3-q23 deletion including ACSL4 in a
patient with intellectual disability. Am J Med Genet A. 2013;161:860e864.

7. Bhat SS, Schmidt KR, Ladd S, et al. Disruption of DMD and deletion of ACSL4
causing developmental delay, hypotonia, and multiple congenital anomalies.
Cytogenet Genome Res. 2006;112:170e175.

8. Cao Y, Murphy KJ, McIntyre TM, Zimmerman GA, Prescott SM. Expression of
fatty acid CoA ligase 4 during development and in brain. FEBS Lett. 2000;467:
263e267.

9. Cho YY. A novel role of brain-type ACS4 isotype in neuronal differentiation.
Biochem Biophys Res Commun. 2012;419:505e510.

10. McCrea N, Fullerton HJ, Ganesan V. Genetic and environmental associations
with pediatric cerebral arteriopathy. Stroke. 2019;50:257e265.

11. Golej DL, Askari B, Kramer F, et al. Long-chain acyl-CoA synthetase 4 modulates
prostaglandin E2 release from human arterial smooth muscle cells. J Lipid Res.
2011;52:782e793.

http://refhub.elsevier.com/S0887-8994(19)30235-8/sref1
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref1
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref1
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref1
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref2
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref2
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref2
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref2
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref2
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref3
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref3
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref3
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref3
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref4
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref4
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref4
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref4
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref5
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref5
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref5
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref5
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref6
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref6
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref6
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref7
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref7
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref7
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref7
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref8
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref8
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref8
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref8
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref9
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref9
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref9
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref10
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref10
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref10
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref11
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref11
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref11
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref11
http://refhub.elsevier.com/S0887-8994(19)30235-8/sref11

	An ACSL4 Hemizygous Intragenic Deletion in a Patient With Childhood Stroke
	Patient description
	Discussion
	References


