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Background

Autism Spectrum Disorder (ASD) involves multiple,
varying presentations which often includes early onset
challenges 1n speech, learning, behavior, and social cues. ASD
1s estimated to occur 1n 1 % of the population (5). It has been
reported that deletion of portions of the trimethyllysine
hydroxylase epsilon (TMLHE) gene, found on the X
chromosome, 1s an imnborn risk factor for ASD.
Trimethyllysine hydroxylase, encoded by TMLHE, 1s the first
enzyme 1n the biosynthesis of carnitine, a transporter for long
fatty acids into the mitochondrion (1,6). Abnormal fatty acid
metabolism 1n the central nervous system has been associated
with autism (3). In addition, 1t has been shown that patients
with the TMLHE gene mutation respond favorably to
carnitine supplementation, as the 4 year old patient ceased
regression and even began to reach more milestones in his
development (8).
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Patient has a deletion of the dark green segment above 1n the terminal segment of Xq28. Further testing showed the same deletion 1n one of the mother’s

chromosomes.
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Patient 1s a 14-year-old male diagnosed with autism
spectrum disorder (ASD) who was referred to Dr. Regina
Zambrano for genetic testing. The chromosomal microarray
results arrived on the 24™ of March 2023, and showed a
deletion of the terminal site: Xg28. Genetic testing was also
performed on the patient’s mother and showed that one of her
X chromosomes also possessed this Xq28 deletion. The
patient tested negative for Fragile X syndrome, a common
cause of ASD. Because the TMHLE gene 1s found 1n Xq28,
and encodes a necessary step of carnitine synthesis, the
patient was tested for his carnitine levels. His urine and serum
carnitine values were all low. As demonstrated by Ziat et al., a
patient with a mutation in TMLHE responded favorably in the
management of their autism with carnitine supplementation.
Based on this previous case, this patient has been prescribed a
carnitine supplement. The patient’s current weight 1s 120 1b
(54.4 kg). The prescribed carnitine regiment includes taking
1350 mg of carnitine two times per day. The patient 1s
currently monitored for improvement in his ASD, including
speech improvements (patient 1s currently nonverbal), social
awareness, grades 1n school, and changes 1n behavior.

The only medication the patient currently takes 1s
oxcarbazepine for previous incidents of seizures. Currently,
no link 1s found between oxcarbazepine and carnitine
deficiency, though other anti-epilepsy treatments such as
valproic acid 1s a risk factor for developing secondary
carnitine deficiency.

2-Oxoglutarate  Succinate Glycine NAD* NADH 2-Oxoglutarate  Succinate

\ ) [y

— TMABA — T'V[')“I\_IBA — v-88 —@ELELEE > (-Carnitine
Fe?t

TML hydroxylase

HTML aldolase TMABA dehydrogenase v-BB hydroxylase
CH; o) CHj OH © CH, o) CH,4 o) CH; OH O

HsC | HaC | : HyC | HyC | Hieo | =

s P N A 7
HsC OH H3C OH HsC H HjC OH H3C OH

NH, NH,
L-\Ne-Trimethyllysine (25,35)-3-Hydroxy TML 4-N-Trimethylaminobutyraldehyde y-Butyrobetaine L-Carnitine
(TML) (HTML) (TMABA) (v-BB)

| o

Kugler, Pierre, et al. “L-Carnitine Production Through Biosensor-Guided Construction of the Neurospora
Crassa Biosynthesis Pathway in Escherichia Coli.” Frontiers in Bioengineering and Biotechnology, vol. 9,
2021. Frontiers, https://www.frontiersin.org/articles/10.3389/fbioe.2021.671321.

1) Celestino-Soper, Patricia B. S., et al. “A Common X-Linked Inborn
Error of Carnitine Biosynthesis May Be a Risk Factor for
Nondysmorphic Autism.” Proceedings of the National Academy of
Sciences of the United States of America, vol. 109, no. 21, May 2012,
pp. 7974-81. PubMed, https://do1.org/10.1073/pnas.1120210109.

2) El Mously, Sherine, et al. “Carnitine Deficiency in Epileptic Children
Treated with a Diversity of Anti-Epileptic Regimens.” The Egyptian
Journal of Neurology, Psychiatry and Neurosurgery, vol. 54, no. 1,
2018, p. 37. PubMed Central, https://do1.org/10.1186/s41983-018-0033-
Z.

3)Kepka, Alina, et al. “Potential Role of L-Carnitine in Autism Spectrum
Disorder.” Journal of Clinical Medicine, vol. 10, no. 6, Mar. 2021, p.
1202. PubMed Central, https://do1.org/10.3390/jcm10061202.

4) Kurul, Semra, et al. “Serum Carnitine Levels during Oxcarbazepine and
Carbamazepine Monotherapies in Children with Epilepsy.” Journal of

Carnitine Levels

Child Neurology, vol. 18, no. 8, Aug. 2003, pp. 552-54. PubMed,
https://doi.org/10.1177/08830738030180080201.

5)Lai, Meng-Chuan, et al. “Autism.” Lancet (London, England), vol. 383,
no. 9920, Mar. 2014, pp. 896-910. PubMed,
https://doi.org/10.1016/S0140-6736(13)61539-1.

6)Nava, C., et al. “Analysis of the Chromosome X Exome 1n Patients with

Patient Normal Range
Total Urine 54 umol/g 180-412 umol/g
Free Urine 15 ymol/g 77-214 ymol/g
Carnitine
Total Serum 24 ymol/L 32-62 pmol/L
Free Serum 18 umol/L 24-54 ymol/L

Autism Spectrum Disorders Identified Novel Candidate Genes,
Including TMLHE.” Translational Psychiatry, vol. 2, no. 10, Oct. 2012,
p. €179. PubMed, https://do1.org/10.1038/tp.2012.102.

7) Office of Dietary Supplements - Carnitine.
https://ods.od.nih.gov/factsheets/Carnitine-HealthProfessional/.
Accessed 17 July 2023.

8) Ziats, Mark N., et al. “Improvement of Regressive Autism Symptoms in
a Child with TMLHE Deficiency Following Carnitine
Supplementation.” American Journal of Medical Genetics. Part A, vol.
167A, no. 9, Sept. 2015, pp. 2162—67. PubMed,
https://do1.org/10.1002/aymg.a.37144.




	Carnitine Supplementation for the Management of Autism Spectrum Disorder �Michael Connick, Dr. Regina Zambrano M.D.�LSUHSC New Orleans School of Medicine, Children’s Hospital of New Orleans.

