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Abstract
Background: We present a patient with Rett syndrome (RTT; MECP2) and autoso-
mal‐recessive succinic semialdehyde dehydrogenase deficiency (SSADHD; 
ALDH5A1 (aldehyde dehydrogenase 5a1 = SSADH), in whom the current pheno-
type exhibits features of SSADHD (hypotonia, global developmental delay) and 
RTT (hand stereotypies, gait anomalies).
Methods: γ‐Hydroxybutyric acid (GHB) was quantified by UPLC‐tandem mass 
spectrometry, while mutation analysis followed standard methodology of whole‐
exome sequencing.
Results: The biochemical hallmark of SSADHD, GHB was increased in the proband's 
dried bloodspot (DBS; 673 µM; previous SSADHD DBSs (n = 7), range 124–
4851 µM); control range (n = 2,831), 0–78 µM. The proband was compound heterozy-
gous for pathogenic ALDH5A1 mutations (p.(Asn418IlefsTer39); maternal; 
p.(Gly409Asp); paternal) and a de novo RTT nonsense mutation in MECP2 (p.Arg255*).
Conclusion: The major inhibitory neurotransmitter, γ‐aminobutyric acid (GABA), is 
increased in SSADHD but normal in RTT, although there are likely regional changes 
in GABA receptor distribution. GABAergic anomalies occur in both disorders, each 
featuring an autism spectrum phenotype. What effect the SSADHD biochemical 
anomalies (elevated GABA, GHB) might play in the neurodevelopmental/epileptic 
phenotype of our patient is currently unknown.
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1 |  INTRODUCTION

Succinic semialdehyde dehydrogenase deficiency (SSADHD; 
ALDH5A1; OMIM 271980; HGNC: 408) is a rare, 

autosomal‐recessive inherited disorder in the GABA pathway 
(Figure 1; DiBacco et al., 2018).

Prevalent features include hypotonia, developmental delay 
(especially affecting fine motor skills and expressive language), 
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and typical imaging features involving the globus pallidi. 
Neuropsychiatric manifestations (OCD, ADHD) are prominent 
in adolescents and adults. The biochemical hallmarks include 
elevation of γ‐aminobutyric acid (GABA) and γ‐hydroxybu-
tyric acid (GHB) in physiological fluids and tissues (Novotny, 
Fulbright, Pearl, Gibson, & Rothman, 2003). The incidence of 
SSADH deficiency is projected at 1:106, but this may be an 
underestimate due to undiagnosed patients (Lapalme‐Remis et 
al., 2015). SSADHD is a static encephalopathy, although an 
adult subpopulation displays a more severe, progressive course 
associated with epilepsy (DiBacco et al., 2018).

A neurodevelopmental disorder, Rett syndrome (RTT; 
OMIM 312750; MECP2; HGNC: 6990) encompasses a phe-
notype of moderate progression associated with severe in-
tellectual and physical disability (Leonard, Cobb, & Downs, 
2017). RTT has an X‐linked dominant pattern of inheritance 
and mainly affects females with an approximate 1:10,000 
incidence featuring predominantly de novo mutations in the 
methyl‐CpG‐binding protein 2 (MECP2) gene (Carter et al., 
2010; Corchón, Carrillo‐López, & Cauli, 2018; Leonard et 
al., 2017). Phenotype evolution encompasses initial loss of 
speech and motor skill regression following apparent normal 
development, with decelerating head growth, hand stereo-
typies, gait anomalies (ataxia, apraxia), pulmonary dysfunc-
tion, mood fluctuation, and disruptive behavior (Munde, 
Vlaskamp, & Haar, 2016; Wong, Leonard, Jacoby, Ellaway, 
& Downs, 2015). We present a patient with SSADHD and 
RTT, disorders typically associated with autism spectrum 
disorder and epilepsy (Benke & Möhler, 2018; Frye et al., 
2016).

2 |  CASE HISTORY

Parents provided informed consent for this study. The 
proband was the product of an IVF gestation (BW, 5 lbs. 

14.9 oz.; length, 49.5 cm; head circumference 32 cm), 
Apgars 5/8. There was no birth trauma, although she needed 
Continuous positive airway pressure (CPAP) briefly, and had 
low glucose level of 47mg/dl. She was described as vigor-
ous initially, then sleepy at the breast with poor latch. She 
went home with mother at 48 hr post delivery. She rolled 
once or twice ~6 months of age but not again, and was not 
sitting at 9 months of age. At that time, communication skills 
were delayed. Fine motor skills revealed absence of a pincer 
grasp and a limited raking grasp to pick up food but then 
with difficulty successfully transferring to her mouth. She 
transferred objects from the left to right hand, her dominant 
one, but not vice‐versa. Her hands were clumsy with inten-
tion tremor, intermittent stereotypical finger movements, and 
internal thumbing, although she had some preserved hand use 
for playing and feeding. Communication skills encompassed 
three signs (eat, drink, and all done), and she was able to fol-
low simple commands. She was described as very social, with 
the ability to read her parents' emotions as well as express her 
own emotions (e.g., bruxism when stressed). She engaged in 
social referencing and reciprocal social interactions.

Physical therapy was begun at 9–10 months of age. 
About that time, and over the next three months, commu-
nication declined to the point of losing consonant sounds. 
She could sit independently at 15 months of age, although 
shortly thereafter had developmental regression with loss of 
sounds and much of her limited gross and fine motor skills. 
At 29 months, she was working on standing independently 
with a gait trainer and had persistent difficulty with motor 
planning. The examination at 29 months of age showed ac-
ceptable growth with weight at the mean for age and height 
15%‐tile, compared to head circumference of 46.5 cm (5%‐
tile). There were no dysmorphic or cutaneous stigmata. The 
motor systems showed decreased axial and appendicular tone 
with satisfactory strength, limited hand skills, and nondetect-
able muscle stretch reflexes.

F I G U R E  1  GABA metabolism. Produced from glutamic acid by the action of glutamic acid decarboxylase (GAD), γ‐aminobutyric acid 
(GABA) is metabolized in a two‐step sequence initiated by GABA‐transaminase (ABAT; 4‐aminobutyrate aminotransferase) and completed by 
the action of succinic semialdehyde dehydrogenase (ALDH5A1) to generate succinic acid. In patients with deficiency of ALDH5A1, succinic 
semialdehyde is converted to neuroactive γ‐hydroxybutyric acid by the action of aldo‐keto reductase 7a2 (AKR7A2)
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Magnetic resonance imaging of brain at 13 months re-
vealed normal myelination, although there was T2 prolonga-
tion and increased signal intensity on the diffusion‐weighted 
sequence involving the globus pallidus bilaterally. There was 
slight prominence of the sulci raising suspicion for mild, 
diffuse parenchymal volume loss. Electroencephalography 
(EEG) was initially undertaken at 28 months and was inter-
preted as normal. A follow‐up EEG at 36 months revealed 
diffuse slowing indicative of encephalopathy with bifron-
tal sharp slow activity intermittently. Thus far, there have 
been no seizures. Feeding and occupational therapy have re-
sulted in slow progress in chewing and tongue movements. 
Hippotherapy, a body suit and a gait trainer have provided 
assistance with decreased coordination, balance, strength, as 
well as independent ambulation. An eye gaze computer is en-
abling some degree of communication/vocalization, and she 
has shown the capacity to shake her head to indicate “yes”.

3 |  LABORATORY 
INVESTIGATION

Clinical exome sequencing was initially ordered and per-
formed by Fulgent Diagnostics (Temple City, CA), employing 
a proprietary method as described (fulgentdiagnostics.com 
GenBank accession numbers: ALDH5A1, NM_001080.3; 
MECP2, NM_004992.3), which confirmed the dual diagnosis 
at 17 months of age (Table 1). This was ordered in relation to 
global developmental delay of unknown etiology. Urine or-
ganic acids were subsequently requested at 18 months and re-
vealed an elevation of GHB, which was not quantified. GHB 
was subsequently quantified in patient dried bloodspot (DBS; 

Forni, Pearl, Gibson, Yu, & Sweetman, 2013). In that study, 
GHB content in SSADHD DBS was compared with 2,831 
archival DBS samples (including newborns, infants and chil-
dren). Control GHB was 8 ± 5 µM (mean ± SD; 99.9%‐tile, 
63 µM) (range 0–78 µM), while GHB content in SSADHD 
DBS was 124–4851 µM (range [n = 7]; median 1,182 µM, 
mean 699 µM). GHB in patient DBS was 673 µM (parallel 
control, 17 µM), 10‐fold above the 63 µM cutoff.

4 |  DISCUSSION

During the first 3.5 years of development, the phenotype of 
our patient appears similar to the sum of the two disorders 
rather than synergistically worse. Her loss of hand function, 
loss of speech, regression in ambulation and hand stereotypies 
clearly meet diagnostic criteria for classic RTT. Hypotonia, 
dysphagia, kyphosis, and sleep difficulties which are noted 
in our patient and are frequently seen in RTT (Carter et al., 
2010; Neul et al., 2010). Many of the unique features of RTT, 
e.g., breathing abnormalities, are not present, although she 
does exhibit bruxism, is variably challenged with apraxia, 
and demonstrates occasional intention tremor when using her 
hands. Of interest, she does not exhibit any of the charac-
teristic social delays often present in autism spectrum dis-
order, RTT, or SSADHD. The patient's mother describes 
her as having a strong sense of social reciprocity, initiation 
and maintenance of social routines, and with good nonverbal 
communication (considering her physical limitations) such 
as eye contact. She can understand emotion on the faces of 
others and responds appropriately to changes in affect with 
other individuals.

T A B L E  1  Whole‐exome sequence analysis of proband and parents

Family member Gene Variant
Zygosity and 
inheritance Comment or Reference

Proband ALDH5A1 NM_001080.3:g.1253del 
p.(Asn418IlefsTer39)

Hz, AR Protein termination

 ALDH5A1 NM_001080.3;c.1226G>A 
p.(Gly409Asp)

Hz, AR Hogema et al. (2001) (<1% 
residual ALDH5A1 activity)

 MECP2 NM_004992.3;c.763C>T 
p.Arg255*

Hz, XL Christodoulou & Ho (2012) 
Protein termination

Mother ALDH5A1 NM_001080.3:g.1253del 
p.(Asn418IlefsTer39)

Hz, AR Protein termination

 MECP2 NM_004992.3;c.763C>T 
p.Arg255*

Hz, XL Not detected

Father ALDH5A1 NM_001080.3;c.1226G>A 
p.(Gly409Asp)

Hz, AR Hogema et al. (2001) (<1% 
residual ALDH5A1 activity)

 MECP2 NM_004992.3;c.763C>T 
p.Arg255*

Hz, XL Not detected

Note. Hz, heterozygosity; AR, autosomal recessive; XL, X‐linked; all variants are predicted to be pathogenic. GenBank accession numbers: ALDH5A1, NM_001080.3; 
MECP2, NM_004992.3
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RTT and SSADHD likely share imbalanced excitatory 
versus inhibitory neurotransmission (Benke & Möhler, 
2018; Frye et al., 2016), perhaps underpinning to some de-
gree the autism spectrum and epilepsy phenotype of both 
disorders. Of interest, patients with SSADHD have down-
regulated GABA(A) and GABA(B) receptors (Pearl et al., 
2009; Reis et al., 2012). Similarly, RTT patients demon-
strate lowered expression of GABA(A) receptors (Blue, 
Naidu, & Johnston, 1999; Yamashita et al., 1998), and 
transcranial magnetic stimulation studies suggest abnormal 
GABA(B) receptor function (Krajnc & Zidar, 2016). In the 
Mecp2‐null mouse, there is evidence for fewer synaptic 
GABA(A) receptors (Jin, Cui, Zhong, Jin, & Jiang, 2013) 
and more extrasynaptic receptors, at least in the nucleus 
tractus solitarius (Chen et al., 2018), with upregulated re-
sponse of postsynaptic GABA(A) receptors in the barrel 
cortex of Mecp2‐null mice (Lo et al., 2016). There is also 
a reported downregulation of synaptic GABA transporters 
in Mecp2‐null mice (Kang et al. 2014). Biochemically, pa-
tients with SSADHD have increased GABA (Novotny et 
al., 2003), while GABA levels in CSF from RTT patients 
are normal (Perry, Dunn, Ho, & Crichton, 1988). The ef-
fect of increased GABA on the RTT neurodevelopmental 
phenotype (exacerbation, attenuation) remains to be deter-
mined in our patient.
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