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Inherited disorders of biogenic amine metabolism are genetically determined conditions resulting in dysfunctions or
lack of enzymes involved in the synthesis, degradation, or transport of dopamine, serotonin,
adrenaline/noradrenaline, and their metabolites or defects of their cofactor or chaperone biosynthesis. They
represent a group of treatable diseases presenting with complex patterns of movement disorders (dystonia,
oculogyric crises, severe/hypokinetic syndrome, myoclonic jerks, and tremors) associated with a delay in the
emergence of postural reactions, global development delay, and autonomic dysregulation. The earlier the disease

manifests, the more severe and widespread the impaired motor functions.

neurotransmitter disorders movement disorders encephalopathy

| 1. Background

Inherited defects of biogenic amine neurotransmitter metabolism are ultrarare genetically determined conditions
resulting in dysfunctions/lack of enzymes involved in the synthesis, degradation, or transport of dopamine,
serotonin, adrenaline/noradrenaline, and their metabolites or defects of their cofactor or chaperone biosynthesis
(Table 1) . All these conditions are inherited as autosomal recessive diseases, except for DYT/PARK-GCH1,
including dominant and recessive forms and monoamine oxidase deficiency A and B, which are transmitted with an

autosomal dominant inheritance 1.

Table 1. Clinical and biochemical features of disorders of biogenic amine metabolism.

i ini Biochemical Marker
Disease Gene Clinical Features ela Al i L

Plasma Urine CSF
Parkinsonism, dystonia, 1ll\|13IIEC()D,
motor delay, diurnal ’
AD-DYT/PARK- fluctuation, truncal Hommal Phe A
GCH1 AD GCH1 hypotonia, hypertonia of response to \BIO, INEO HIAA
(OMIM#128230) extremities, tremors, and P i '
R Phe loading Normal
hypokinetic/rigid Sep and
syndrome P
BH2
AR-DYT/PARK- AR GCH1 Truncal hypotonia, 1Phe IBIO, INEO INEO,
GCH1 parkinsonism, \BIO,
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Disease Gene
(OMIM#233910)
DYT/PARK-PTS
(OMIM#261640) PTS
DYT/PARK-SPR
(OMIM#612716) SPR

DYT/PARK-
QDPR QODPR
(OMIM#261630)
PCBD

deficiency PCBD1

(OMIM#264070)
DYT/PARK-TH TH

(OMIM#605407)

Clinical Features

feeding/swallowing
difficulties, dystonia,
excessive sweating,
temperature instability,
intellectual disability,
motor delay,
choreoathetosis, drooling,
oculogyric crises, ptosis,
and seizures

Dystonia, diurnal
fluctuation, excessive
sweating, temperature

instability,
hypo/hypertonia,
parkinsonism, intellectual
disability, motor delay,
choreoathetosis, low
birthweight, ptosis, and
seizures

Motor delay, dystonia,
truncal hypotonia, diurnal
fluctuation, intellectual
disability, parkinsonism,
hypertonia, drooling,
oculogyric crises, and
hypokinetic/rigid
syndrome

Dystonia, diurnal
fluctuation, sweating,
temperature instability,
hypo/hypertonia,
parkinsonism, intellectual
disability, motor delay,
choreoathetosis, low
birthweight, ptosis,
epileptic encephalopathy,
and basal ganglia
calcifications

No severe neurological
symptoms and transient
and benign
hyperphenylalaninemia

Hypokinetic/rigid
syndrome,
dystonia/parkinsonism,

Biochemical Markers
Plasma Urine CSF
LHVA,
15-
HIAA,
Normal
Sep and
BH2

tNEO,
\BIO,
IHVA
1Phe 15-
tProlactin USRI SO HIAA,
Normal
Sep and
BH2

Normal
NEO,
1BIO,
LHVA,

15-HIAA
1BH2,
1Sep

Normal Phe 1Sep

N NEO,
tBIO,
IHVA

15-
HIAA,
|Folate,
t1BH2

Normal
Sep

1Phe 1BIO, INEO

tPhe tPrimapterin /

Normal Phe / LHVA,
Normal

NEO,
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Disease Gene Clinical Features

Plasma
oculogyric crises, ptosis,

autonomic dysfunctions,
lethargy, irritability, sleep
disturbances, pre-term
birth, foetal distress,
perinatal asphyxia,
intellectual disability,
growth retardation,
microcephaly, motor delay,
spasticity, and myoclonus

Truncal hypotonia,
developmental delay,
intellectual disability,

oculogyric crises,
dystonia, dysarthria,

ptosis, limb hypertonia,
choreoathetosis, sleep
disturbances, excessive
sweating, temperature
instability, orthostatic
hypotension, diarrhea,
nasal congestion, and
hypoglycemia

DYT-DDC

Normal Phe
(OMIM#608643)

t Prolactin

DDC

MAOA/MAOB
deficiency
(OMIM#300615
MAOA)

Behavioral disturbances,
mild intellectual disability,
hand stereotypes,
flushing, and diarrhea

MAOA/
MAOB

Severe orthostatic
hypotension, eyelid ptosis,
sporadic dysmorphic
features, rare reproductive
dysfunctions, and normal
cognitive development

DBH deficiency

{Norepinefrine
(OMIM#223360)

t Dopamine

DBH

Severe developmental
delay or no acquisition of
developmental
milestones, anarthria,
dystonia, parkinsonism,
dyskinesia, oculogyric
crises, swallowing
difficulties, failure to thrive,
and respiratory
complications

DYT/PARK-
SLC6A3
(OMIM#613135)

Normal Phe
tProlactin
INorepinefrine

SLC6A3

Biochemical Markers

Urine CSF
BIO,
S5HIAA,
Sep,
BH2
IHVA,
15-
HIAA,
1 Dopamine, | 13OMD
VMA IMHPG,
1 Vanillactic acid Normal
NEO,
BIO,
Sep,
BH2
tnormetanephrin
13-
methoxytyramine, /
ttyramine
IVMA, tHVA,
IMHPG, 15-HIAA
/ /
T HVA,
Normal
L NEO,
INorepinefrine
13MT BIO,S5-
HIAA,
Sep,
BH2
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. - Biochemical Markers
! y relevant
Disease Gene Clinical Features Plasma Urine CSE
Iroxylase-
Severe developmental . d
delay or no acquisition of mine an
DYTIPARK: miIeZ?g:elzpr;esr:?[Lria T HVA, 15-HIAA, tHVA/5- pyinase-
SLC18A2 SLC18A2 ones, ¢y L / (Dopamine, ydratase-
dystonia, parkinsonism, HIAA

(OMIM#618049) INorepinefrine

facial dyskinesia, cofactors.
oculogyric crises, vertical nentioned
gaze palsy, and ptosis
dopamine
Juvenile parkinsonism,
dystonia, autism,
deficiency DNAJC12 hvperactivity disorder tPhe / IHVA,
(OMIM#617384) yperactivity : 15-HIAA
psychiatric symptoms, and
no symptoms in a quote of
patients
== ML | L
Neopterir
Sepiapterin DOPAL S-HIAL
= =]
LEGEND DOPAC 5-HIAA Prankslening Ene, BIO,
o i %
biopterin; e . ,,{ homolog,
subfamily n . I"""’“"‘" odne synthase
A N > i > VMA .
gene; QL ... [ ) =1 lopamine
transport oo @l . o ne; SPR,
® e
sepiapter °® e . )noamine
[J .
oxydase . i T nolamine
@ e ©
dehydrat: o2 'y °° SuE creased.

Postsynaptic dopaminergic.
neuron

Figure 1. Biogenic amine and pterin metabolism. LEGEND: 5-HIAA, 5-hydroxyindoleacetic acid; 5-HIAL, 5-
hydroxyindoleacetaldehyde; BH4, tetrahydrobiopterin; DHPR, dihydropterine reductase; DOPAC, 3,4-
dihydroxyphenylacetic acid; DOPAL, 3,4-dihydroxyphenylacetaldehyde; DAT, dopamine transporter; GTP,
guanosine-5'-triphosphate; HVA, homovanillic acid; MOPG, methoxylhydroxyphenylglycol; PLP, pyridoxal 5'-
phosphate; PNMT, phenylethanolamine N-methyltransferase; PTP, 6-pyruvoyltetrahydropterin; qBH2, quinonoid

dihydrobiopterin; VLA, vanillyllactic acid; VMA, vanillylmandelic acid; VMAT 2, vesicular monoamine transporter.

Several peculiarities justify the interest in these conditions: (a) as a group, they are among the most frequent
genetic causes of movement disorders in children HIEI4L (h) many of them are treatable conditions, i.e., early
therapy can bias the natural history of the disease, preventing severe neurological disabilities characterizing
untreated patients [H2BIAL: (c) they have revealed the crucial function of serotonin and dopamine for the normal
development of the central nervous system RIZIBIE4 On clinical grounds, despite their relative rarity, each disease

shares a unique pattern of recurrent clinical signs caused by dopamine and serotonin deficiency occurring in the
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immature brain WEIBIE, From a biochemical viewpoint, they are considered a very early onset form of

parkinsonism and parkinsonism-dystonia [I[21314]

| 2. Epidemiology

A reliable estimate of the frequency of this set of conditions is available for hyperphenylalaninemia-associated
disorders, which are intercepted by neonatal screening programs for phenylketonuria (autosomal recessive
DYT/PARK-GCH1, DYT/PARK-PTS, DYT/PARK-QDPR, and DNAJC12-related disorders), all including 2—-3% of
the overall number of patients with neonatal hyperphenylalaninemia (http://www.biopku.org/; last access 7 October
2022).

The first reported prevalence of autosomal dominant DYT/PARK-GCH1 was approximately 0.5-1.0 per million, with
a remarkably higher penetrance of DYT/PARK-GCH1 variant carriers among females (87% vs. 38% in males) &€,
A more recent Serbian study estimated higher figures up to a prevalence of 2.96 per million B, A much lower
prevalence of 1.4 per 100,000 patients under 18 was estimated in Estonia . Autosomal recessive DYT/PARK-
GCHJ1 probably affects less than 1 per 1,000,000 patients £,

No adequate epidemiological data are available for other primary biogenic amine disorders. An indirect estimate of

their frequency can be drawn on the basis of cases entered in the International Working Group on Neurotransmitter

Related Disorders (iINTD patient registry (http://intd-online.org, last access 7 October 2022), which collected 350
patients with disorders of biogenic amine metabolism: 161 patients with BH4 deficiency, 56 patients with
DYT/PARK-PTS, 37 patients with DYT/PARK-QDPR, 36 patients with autosomal dominant DYT/PARK-GCH1, 18
patients with autosomal recessive DYT/PARK-GCH1, 14 patients with DYT/PARK-SR, 131 patients with DYT-DDC,
44 patients with DYT/PARK-TH, 5 with DYT/PARK-SLC6AS3, 5 with DNAJC12 deficiency, and 4 patients with MAO
A deficiency 2.

The prevalence of DYT-DDC was also studied through other indirect evaluations 229, The frequency analysis of
216 known pathogenic DDC variants (19 homozygous and 39 compound heterozygous) suggested a global
prevalence of 1800 living patients with DYT-DDC &, An estimated prevalence of 1/42,000 live births per year was
calculated for the same disease by analyzing biological samples from 19,684 American patients with neurological

disorders of unknown origin 19,

| 3. Clinical Presentation

Table 1 summarizes the main clinical features of inherited biogenic amine neurotransmitter metabolism disorders.
The onset of symptoms is in the first months or year of life for almost all these conditions, with two extremes
represented by DYT/PARK-PTS, including the first possible manifestations also in the fetal life, and by autosomal
dominant DYT/PARK-GCH1, with a prominent later presentation during school age or later W24, An increased

rate of prematurity or very low birth weight and congenital microcephaly was observed in DYT/PARK-PTS,
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DYT/PARK-TH, and DYT-DDC [2l1l Exceptional late-onset presentations in adulthood have been reported for
DYT/PARK-GCH1, DYT/PARK-SR, DYT/PARK-TH, DNAJC12, and DYT/PARK-SLC6A3 [,

The pattern of neurological impairment, the age at the onset of symptoms, and their severity are usually correlated
with the severity of biogenic amine depletion. The earlier the onset of the disease, the more severe and pervasive
the neurological impairment is, resulting in a neurodevelopmental delay leading to intellectual disability, behavioral
problems, and movement disorders 21112113 Speech and language impairment are typical clinical traits of late or
untreated conditions and, similar to other higher cortical functions, they respond less than movement disorders to
pharmacological treatments [2. A more severe cognitive impairment has been reported in patients with DY T/PARK-
SR, DYT/PARK-TH, and DYT-DDC [111112],

The onset of symptoms after three is usually associated with the selective impairment of motor functions, as
usually happens for autosomal dominant DYT/PARK-GCH1 13l An actual neurological regression was reported for

DYT/PARK-SLC6A3 only, miming levodopa unresponsive degenerative parkinsonism [,

The individual response to dopaminergic and serotoninergic treatment 23 may represent an additional source of

clinical variability.

Movement disorders are a significant part of the clinical spectrum of inherited disorders of biogenic amine

metabolism, both as an isolated disorder or in the context of infantile encephalopathy 121,

A remarkable source of complication for their management includes the lack of consensus for the classification of
movement disorders in children under 3 years of life and the relevant differences between their clinical

presentations and those typical of adult-onset parkinsonism 22!,

Initial presentations may include rigidity of limbs and trunk hypotonia in patients with a global delay in
developmental milestones 23], Hypotonia is often associated with a dorsal trunk extension that might be considered

a dystonic opisthotonus or an abnormal persistence of the fetal righting reflex 13,

In older children or adolescents, lead-pipe rigidity may often be combined with bradykinesia or focal arrhythmic
jerks 181, Akinesia and amimia may be difficult to assess in children because of higher interindividual variability of
spontaneous motor activity and mimic expressions during the first months and years of life 23], Classic akinetic-
rigid syndrome may be preceded by a delay in antigravity motor development or pathological postural patterns 131,
Rest tremors are sporadic in early infancy. The whole semiology of rhythmic or pseudo-rhythmic oscillatory

involuntary movements in infants cannot be categorized according to the tremor classification of tremors in adults
(13,
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