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Abstract

Objectives
In adults, inborn metabolic diseases are often missed in routine diagnostic settings due to a low
level of suspicion.

Methods

A patient in their twenties was admitted for an apparent acute exacerbation of anxiety disorder.
Medical treatment was unsuccessful, and presumed catatonic psychosis was treated by elec-
troconvulsive treatment. The patient was referred to neurology with reduced level of con-
sciousness, mutism with no targeted movements, obvious anxiety and tetraspasticity, eczema,
and reduced body weight.

Results

EEG was normal; repeat brain MRI showed progressive atrophy and leukoencephalopathy.
Autoimmune encephalitis was assumed and treated with plasma exchange, high-dose gluco-
corticoids, and intravenous immunoglobulin. Repeated CSF analyses remained normal.
Metabolic workup showed hyperaminociduria, low neutral amino acids, and undetectable
tryptophane. Whole-exome sequencing and segregation analysis revealed compound hetero-
zygous, pathogenic and a novel, likely pathogenic variant in the SLC6A19 gene: c.718C>T,
p-(Arg240*) and c.170G>A, p.(ArgS7His). Diagnosing Hartnup disease, high-protein diet, and
niacin supplementation led to rapid considerable improvement. At 4 months, plasma amino
acids were normal; communication and behavior were age-adequate; and spasticity had almost
resolved, but polyneuropathy was unchanged.

Discussion
Metabolic workup and whole-exome sequencing are recommended in rapidly progressive
neuropsychiatric disease, especially with additional neurologic signs and when standard
treatment fails.

Introduction

Tryptophan is an essential amino acid for mammals.! Tt is a precursor for the biosynthesis of
coenzymes and neuromodulators, e.g, NAD/NADP(H), kynurenic acid, melatonin, and serotonin.

Nutritional tryptophan deficiency is the cause of pellagra.” Initially considered an infectious
disease, pellagra has caused substantial mortality due to exclusive corn diet in poor
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populations. It is characterized by dermatitis, diarrhea, and
neuropsychiatric symptoms (depression, psychosis, and
dementia).?

SLC6AI19 is the most important transporter mediating
enteral absorption and renal reabsorption of neutral
amino acids, including tryptophan. Pathogenic variants of
SLC6A19 cause tryptophan deficiency leading to Hartnup
disease, a rare (1:24,000) autosomal-recessive disorder.”**
Most carriers remain asymptomatic or oligosymptomatic
due to a nowadays protein-rich nutrition and the transport
of tryptophan included in oligopeptides. However, in
situations of inadequate protein supply, patients may
develop photosensitive skin lesions and neurologic
symptoms.

Case Report

A patient in their twenties, child of nonconsanguineous
German parents, had been born after uneventful pregnancy.
Psychomotor development was normal. The parents reported
a remarkable preference for eating eggs early onwards; a
papular rash, especially in sun-lit areas, had been waxing and
waning. At 17 years, anxiety disorder was diagnosed, treated
with psychotherapy. While on a university exchange program
abroad, during a personal crisis, the patient became depressed
and agitated, lost weight, returned to Germany, and was
eventually admitted to psychiatry. Cranial MRI was normal
(Figure, panel A, left). Despite psychotherapy and antide-
pressant medication, anxiety deteriorated further, weight loss
continued. The patient withdrew increasingly, refused food,

Figure Clinical Presentation and Main Investigation Results
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SLC6AT9, resulting in a compound-heterozygous state.
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and within 6 weeks from admission, became bed-ridden;
when turning mute and febrile, and creatine kinase rose,
pernicious catatonia was assumed, and treated with lor-
azepam,
treatment. As patient’s clinical course deteriorated, the pa-
tient was referred to neurology, with reduced level of con-
sciousness, mutism with no targeted movements, spastic
tetraparesis despite diminished deep tendon reflexes, and
distal-symmetrical hypalgesia (Figure, panel B); general
examination was remarkable for eczema and malnutrition
(body mass index 19.0 kg/mz). EEG was normal; EMG/
ENG was consistent with lower motor neuron dysfunction.
Repeat brain MRI (8 weeks after initial MRI) showed leu-
koencephalopathy and progressive brain atrophy (Figure,
panel A, right). CSF remained unremarkable, including an-
tibodies associated with autoimmune encephalitis. Still,
plasma exchange was initiated, followed by high-dose glu-
cocorticoid and IV immunoglobulin therapy, without im-
provement. A nasogastric tube was placed, and standard
formula diet introduced.

olanzapine, and eventually -electroconvulsive

Metabolic Diagnostic Procedures

Dried blood spot analysis for carnitine, acyl-carnitines, and
amino acids was normal, as were urinary organic acids. Plasma
amino acid profile yielded low concentrations of threonine,
leucine, asparagine, and histidine, while tryptophan was un-
detectable (Table). By contrast, marked hyperaminoaciduria
was shown (Table).

Genetics
Whole-exome sequencing of genomic DNA from peripheral
blood leucocytes using standard methods revealed 2 variants

(confirmed by Sanger sequencing) in the SLC6AI9 gene:
c.718C>T, p.(Arg240*) and c.170G > A, p.(ArgS7His) (Figure,
panel C). We classified the variant ¢.718C>T as pathogenic and
the variant c.170G>A as likely pathogenic according to the
ACMG guidelines®: the variant ¢.718C>T leads to a premature
stop codon (PVS1), is absent in controls in homozygous state
(gnomAD, PM2_SUP), and has been reported twice as path-
ogenic in databases (PS4 MOD, HGMD: CM042479 and
ClinVar variation ID 2020). Segregation analysis confirmed
compound-heterozygous state of both variants: the mother
carries ¢.718C>T and the father carries ¢.170G>A (PM3). The
variant ¢.170G>A is absent in controls in homozygous state
(gnomAD, PM2_SUP), in silico predicted to be deleterious
(PP3, CADD: 25.5, SIFT, PolyPhen2), and at the same amino
acid position, a different amino acid change had been reported
as pathogenic (PMS_SUP*).

Further Course

We introduced high-protein formula (3 g/kg body weight/d)
and supplemented niacin (100 mg bid); IV amino acids were
administered to supply 800 mg of tryptophan daily. The pa-
tient’s condition improved considerably within 1 week to
drinking from a cup and eating prepared food, speaking short
sentences. Plasma levels of most neutral amino acids rose to
the lower normal range. Over 4 weeks, the patient became
consistently awake, speaking coherently and referring to
conversations held several days ago, although interaction
remained child-like. Spasticity resolved, peripheral weakness
improved marginally; sitting unassisted and standing assisted
for up to 20 minutes became possible. At transfer to a re-
habilitation facility, diet included oral food with at least 2 g/kg
of protein and niacin 100 mg bid.

Table Plasma and Urinary Amino Acid Profile

Urinary amino

Plasma neutral Reference 4 wk of 4 mo of acids (umol/mol Krea) After 4 mo Reference
amino acids range (umol/L) At diagnosis treatment treatment at diagnosis of treatment range
Ala 177-583 283 775 867 1,592 3,301 16-68
Gin 205-756 739 664 743 1,938 4,181 20-76
His 72-124 20 64 69 444 1,152 26-153
Leu 72-201 56 181 281 140 1,954 2-11
Ser 58-181 102 124 138 1,255 1,460 21-50
Trp 10-140 0 33 33 60 164 0

Tyr 34-112 34 52 66 623 870 2-23
Thr 60-255 52 220 212 564 2,138 7-29
Phe 35-85 43 66 68 129 588 2-19
Val 119-336 122 200 295 227 1,828 6-34
HAA/OAASee ref. 15 n.a. n.a. n.a. 5.0 7.8

Abbreviation: HAA/OAA = ratio of Hartnup amino acids to other amino acids in urine.
At diagnosis, marked hyperaminoaciduria despite marked depletion of plasma amino acids and undetectable tryptophan. On treatment, plasma amino acids

within the reference range, with even more pronounced hyperaminoaciduria.
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Four months after diagnosis, the patient communicated in an
adequate way. Muscle tone was only slightly elevated in the
legs, and ankle clonus no longer present. Polyneuropathy was
largely unchanged with distal weakness and pallhypesthesia.
Using the wheeled walker, the patient completed the Timed-
up-and-Go Test in 22 seconds (“significant impairment”),”
and in the Six-Minutes-Walk test, covered 220 m (individual
reference would be 739 m®). Diet included 94 g protein from
high-protein formula, and medication 200 mg niacin/day and
gabapentin. Metabolic assessment showed plasma amino acid
concentrations within the normal range. As expected, hyper-
aminoaciduria had even increased (see Table).

Discussion

Healthy adults in central and western Europe consume
1-1.2 g protein/kg body weight daily,” providing an average
of 12 mg tryptophan/kg, almost 3 times as much as consid-
ered necessary.'® In Hartnup disease, clinical course is often
additionally obscured by absorption of tryptophan-containing
oligopeptides. In malnutrition, patients with Hartnup may
develop shortage of NAD, melatonin, and serotonin. Even
without obvious malnutrition, epileptic seizures, autism, and

. . 11,12
other behavioral abnormalities can occur.

In our patient, the mostly “compensated” Hartnup disease may
have contributed to behavioral disorder'” long before the
current exacerbation, which was triggered by loss of appetite
and anorexia, eventually fulfilled criteria of acute psychosis, and
was even diagnosed as pernicious catatonia. Over 2 months,
MR imaging documented structural brain damage. Although
the course suggested autoimmune encephalitis or a rapidly
progressing neurodegenerative disorder, a combination of
clinical suspicion, nondiagnostic routine neurologic laboratory
investigations, a broad metabolic workup, and whole-exome
sequencing eventually unveiled an inborn metabolic disorder.
This diagnosis provided the option of dietary treatment and
vitamin supplementation, with rapid correction of the meta-
bolic derangements, soon followed by clinical improvement.

Whole-exome sequencing revealed a known pathogenic and a
novel variant in SLC6A19. Clinical and biochemical results
confirm the novel variant as likely pathogenic. We regard this
as retrospective phenotyping in the sense of the ACMG
guidelines (PP4 °), confirming Hartnup disease. This is fur-
ther underlined by clinical benefit of specific treatment. We
assume low residual transport activity, potentially combined
with more severely disturbed ependymal amino acid trans-
port,2 since psychiatric symptoms started in adolescence, and
once decompensated our patient showed a very severe course.
Available literature reports manifestation of Hartnup disease
throughout life, with heterogeneous course. Cases with a
mixed (classical pellagra-like) picture have been described, or
isolated neurologic' "' or psychiatric'> courses. Such devas-
tating development over a short period, as we observed, has
not been reported.
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The incidence of Hartnup disease is estimated at around 1:
30,000 live births.'* Frequency of heterozygosity for the
identified variants was 1 (p.(ArgS7His)) and 2 (p.(Arg240*))
in 14,370 samples in our in-house database, and were reported
S times (p.(ArgS7His)) and 11 times (p.(Arg240*)) in gno-
mAD. These figures suggest a higher prevalence than hitherto
described: at least 20-30 patients are probably born in Ger-
many every year. Our case demonstrates that a series of un-
fortunate events can lead to severe disease in a seemingly
healthy adult. Treating physicians may not consider an inborn
metabolic disorder in such a situation, and some patients may
never be recognized. This calls for extending diagnostic
procedures to include inborn errors of metabolism (using
whole-exome sequencing and generous metabolic workup) in
neuropsychiatric disease with unusual age at onset, non-
classical clinical characteristics, or lack of treatment response.
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