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Abstract

Increased gamma-hydroxybutyric acid in urine and blood are metabolic hallmarks of succinic
semialdehyde dehydrogenase deficiency, a defect of 4-aminobutyric acid metabolism. Here, we
examined the hypothesis that succinic semialdehyde dehydrogenase deficiency could be identified
via measurement of gamma-hydroxybutyric acid in newborn and post-newborn dried bloodspots.
Quantitation of gamma-hydroxybutyric acid using liquid chromatography-tandem mass
spectrometry in twelve archival newborn patient dried bloodspots was 360 + 57 uM (mean,
standard error; range 111-767), all values exceeding the previously established cutoff for newborn
detection of 78 UM established from 2,831 dried bloodspots derived from newborns, neonates and
children. Gamma-hydroxybutyric acid in post-newborn dried bloodspots (n=19; ages 0.8—-38
years) was 191 + 65 pM (mean, standard error; range 20-1218), exceeding the aforementioned
GHB cutoff for patients approximately 10 years of age or younger. Further, gamma-
hydroxybutyric acid in post-newborn dried bloodspots displayed a significant (p<0.0001) inverse
correlation with age. This preliminary study suggests that succinic semialdehyde dehydrogenase
deficiency may be identified in newborn and post-newborn dried bloodspots via quantitation of
gamma-hydroxybutyric acid, while forming the platform for more extensive studies extended in
affected and unaffected dried bloodspots.
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1. Introduction

Succinic semialdehyde dehydrogenase (SSADH) deficiency (SSADHD) is caused by
mutations in the gene encoding aldehyde dehydrogenase 5A1 (ALDH5A1; OMIM 271980)
[1] (Fig. 1) and manifests a phenotype of static encephalopathy featuring global delays,
hypotonia, absence of speech and variable epilepsy [1]. The biochemical hallmark includes
elevation of gamma-hydroxybutyric acid (GHB) in physiological fluids and tissues.
Interventional approaches primarily target neuropsychiatric morbidity and seizures [2, 3].
Following the development of an animal model [4], elucidation of pathomechanisms and the
development of new preclinical therapeutics have been the primary focus of research efforts
paving the way to a recently completed trial (outcomes pending) with the casay, receptor
antagonist SGS-742 (www.clinicaltrials.gov; NCT02019667) and an NIH-supported natural
history study [R01 HD 91142].

Currently, SSADHD has not yet been nominated for newborn screening (NBS) in the US
(www.hrsa.gov/advisorycommittees/mchbadvisory/heritabledisorders/index.html). Yet, NBS
for SSADHD is clinically relevant considering the potential benefits of early intervention
with targeted therapeutics. Currently, the median age at disease onset is 1 year whereas the
median age at diagnosis is 3 years, a loss of 2 treatment-years at a critical developmental age
(data from a 2018 survey of fifty five SSADHD families worldwide; personal
communication from the SSADH Association), and a significant stress on parents in
anticipation of a diagnosis. In addition, the nonspecific neurological symptoms of SSADHD
when combined with a mild clinical phenotype has resulted in an increasing number of
patients identified in adulthood [5]. These observations and reports strongly underscore the
need for newborn screening of the disease, a pre-requisite for early therapeutic interventions,
early identification of milder cases, and a full understanding of the natural history of this
ultra-rare condition. In the current study, we have collected both newborn and post-newborn
dried bloodspots (DBS) from confirmed patients with SSADHD to determine if
measurement of GHB could eventually be applicable for newborn detection [6].

2. Material and Methods

Archival newborn DBS were obtained with parental consent from nine patients (12 unique
DBS) obtained from California, Texas, Maryland, and Ireland. Six of twelve samples
included both 15t and routine 2" screens from three patients (approximate age at collection,
48 and 340 hrs). California stores archival DBS at 4 °C, while other US States store archival
DBS at room temperature.

DBSs from post-newborn SSADHD patients were collected with informed consent (WSU
IRB 15901). Nineteen teen samples included: 11M/8F, ages 0.8-38 years (median, 8.7), and
4 sibships (total, 8 patients). Confirmation of SSADHD for patients contributing post-
newborn DBS was previously confirmed through a combination of GHB measurement,
ALDH5A1 molecular analyses, and assay of SSADH in white cells for older patients (data
not shown) [7-9]. DBS were obtained using standard finger lance and blood collected onto
903TM five spot blood cards (Eastern Business Cards, Greenville, SC, USA).
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An earlier study developing methodology for measurement of GHB using UPLC-tandem
mass spectrometry assessed 2831 archival DBS derived from newborns, neonates and
children to develop both a control range and a cutoff for potential use in newborn screening
[6]. In that study, the mean and standard error was 8 + 0.1 uM (n=2831; standard deviation,
5), and the preliminary cutoff at the 99.99%-ile for detection of SSADHD was determined as
a GHB concentration of 78 M. Because of the large number of controls evaluated in the
pilot study [6], we assessed only limited control samples in the current study to verify
overlap with the previous control range. In the current study, we quantified GHB in DBS
derived from four unaffected control individuals (3M, 1F; ages 4, 15, 56 and 63 years) and a
previously reported patient with SSADHD [10].

3. Results

GHB content in post-newborn and newborn DBS derived from patients with SSADHD, as
well as control DBS simultaneously characterized in addition to a previously evaluated
SSADHD DBS [6], are summarized in Table 1. GHB content for nineteen post-newborn
DBSs (Fig. 2A) demonstrated a significant age-dependent negative correlation (p<0.0001,
Spearman exact test). Nine of these patients displayed GHB concentrations below the
threshold of 78 uM previously developed for newborn detection [6]. The GHB content of
these nine DBS was replotted against age (inset, Fig. 2A), revealing a trend toward a
negative correlation that failed to reach significance. For these patients (n=9), the mean +
standard deviation of GHB content was 51 + 17 pM (range 20-74, median 55 pM), still
significantly above the previously reported value of 8 £ 5 uM (p<0.0001, two-tailed ¢test).

Because of the large number of control samples previously evaluated for GHB content in
DBS (n=2831), we opted to focus effort in the current report on SSADHD DBS and
simultaneously only analyzed five control DBS (Table 1). One of these samples represented
reassessment of an SSADHD DBS previously shown to have a content of 673 uM [10], and
in the current study a level of 545 pM, providing additional methodological validation.

GHB determinations in DBS of nine SSADHD patients (eight 15t screens, four 2" screens)
revealed a range of 111-767 uM (median, 388), all above the cutoff threshold of 78 uM
(Table 1; Fig 2B) [6]. We observed a trend toward lower GHB values in 2" screens, but the
mean values were not significantly different (417 pM 15t screens; 262 pM 2" screens; p=ns,
ttest). For one sibship that contributed multiple DBSs (female, 2"d newborn screen
(GHB=111 uM) and again at 8.7 years (GHB=160 uM); male, 15! screen (GHB=226 uM),
2"d screen (GHB=116 pM), and again at 6.8 years (GHB=187 uM)), there was no clear trend
with age.

4. Discussion and conclusions

The preliminary data presented suggest that SSADHD can be detected in newborn DBS via
measurement of GHB content. Further, the results underscore a powerful negative
correlation of GHB with age, consistent with earlier data from plasma [11]. An omission in
our earlier study [6] was the absence of patient age and gender for DBS derived from
patients with SSADHD. Further, a concern with the current study is the inability to control
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for storage conditions of archival DBS. However, for seven DBS retrieved from room
temperature storage, the mean = SD for GHB was 347 + 238 (range 111-767 uM) while that
for three DBS retrieved from 4 °C storage was 382 + 209 (range 152-560; p=ns, ¢test),
suggesting GHB long-term stability regardless of storage conditions. Details of the
conditions of storage for the two newborn DBS obtained from Ireland was not available.

Our assay for GHB in DBS represents a standalone method that is not multiplexed with
other newborn screening markers, and is currently of limited throughput as it requires a
liquid chromatography step to separate GHB from other isomers. On the other hand, the
method may lend itself to integration into pilot newborn screening studies in different States
in which liquid chromatography-tandem mass spectrometry may be undertaken in the near
future, especially States with smaller newborn populations. Although it is currently in data
analysis, evidence for efficacy of SGS-742 in SSADHD would strengthen the argument for
adding SSADHD into a pilot newborn screening program utilizing liquid chromatography in
combination with mass spectrometry.

In terms of our current GHB assay in DBS, future work will focus on redefining the range of
normative data using the UPLC-MS/MS methodology with only newborn samples [6].
Although there was no evidence for an age-dependent decrease in DBS GHB in our earlier
study [6], there remains a remote chance that we might observe an age-dependent decrease
in control DBS GHB employing an age-matched control cohort for our post-newborn patient
samples. Nonetheless, we still predict that patient DBS below the 78 uM cutoff would still
be elevated with respect to GHB using an age-matched control cohort, but this needs to be
experimentally evaluated. In sum, the data presented in the current study suggests that
quantitation of GHB in DBS has utility as a second-tier screening method. This will
augment our ongoing efforts to develop a robust first-tier screening method for SSADHD
employing metabolites currently measured in multiplexed fashion in State newborn
screening programs, including amino acids, acylcarnitines, and guanidino (creatine,
creatinine, guanidinoacetate) species.
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Fig. 1. GABA metabolism.
Abbreviations: GABA, gamma-aminobutyric acid; SSA, succinic semialdehyde; SSADH,

succinic semialdehyde dehydrogenase (deficiency of which leads to gamma-hydroxybutyric
aciduria; shaded grey box); GHB, gamma-hydroxybutyric acid.
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Fig. 2. Content of gamma-hydroxybutyric acid in post-newborn and newborn dried bloodspots
from patients with succinic semialdehyde dehydrogenase deficiency.

(A) GHB in post-newborn dried bloodspots derived from patients with SSADHD as a
function of age. The figure shows the DBS GHB content for all nineteen patients
characterized. The dotted red line represents the cutoff of 78 UM established earlier [6] for
newborn detection of SSADHD. Statistical analysis, Spearman exact test. The insert shows
the relationship between DBS GHB content and age for those patients whose GHB content
fell below the 78 uM threshold. Statistical analysis, Pearson correlation (p=ns). (B) GHB in
newborn DBS obtained from nine patients with confirmed SSADHD. These samples
included five 15t screens, one 2" screen (15t screen sample unavailable), and three patients
for whom 15t and 2™ screens were obtained (dashed lines). The newborn detection cutoff
value of 78 UM is again represented by the horizontal red dashed line.
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Concentration of Gamma-Hydroxybutyric Acid in Dried Bloodspots of Newborn and Post-Newborn Dried

Bloodspots derived from Patients with Succinic Semialdehyde Dehydrogenase Deficiencya

Post-Newborn Bloodspots

Newborn Bloodspots

Control Post-Newborn Bloodspots

Age (yrs) GHB (uM) Age (hrs) | GHB (uM) | Age (yrs) GHB (uM)
0.8 631 48 226 4 5
0.9 1218 48 767 15 18
4.1 269 48 388 56 8
4.2 134 48 152 63 Lob®
5.7 192 48 560 fl 5450’

5.8 125 48 434
6.8 187 48 357
7.1 124 48 448
8.2 74 312 29117
8.7 160 336 111b
9.6 132 336 52917
133 20 360 116b
135 45

15.1 74

16.7 53

18.4 55

22.7 45

24.3 56

38.2 34

aThe mean + standard deviation for GHB in 2,831 control dried bloodspots (newborn, neonates, children) previously reported was 8 + 5 uM, range

0-78 uM [6]
b
second screen

climit of detection

dpreviously reported patient with combined succinic semialdehyde dehydrogenase deficiency and Rett syndrome, for whom the originally
measured GHB content in dried bloodspot was 673 pM [10].
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