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Tyrosinemia type 3 (HT3) is a rare inborn error of tyrosine metabolism caused by mutations in the HPD gene
encoding 4-hydroxyphenyl-pyruvate dioxygenase, which is transmitted in an autosomal recessive trait. The dis-
order is characterized by tyrosine accumulation in body fluids andmassive excretion of tyrosine derivatives into
urine (www.orpha.net). Since it is the least frequent form of tyrosinemia, only few cases with the variable but
rather mild clinical features have been described so far.
We report an 11 year old girl presenting with no clinical symptoms and with normal mental development who
has been diagnosedwith HT3 throughmetabolic screening on the basis of elevated serum level of tyrosine rang-
ing from 425 to 535 μmol/L (normal values: 29–86 μmol/L), and elevated urinary excretion of p-hydroxyphenyl
derivatives confirmed genetically with the homozygous c.479ANG (p.Tyr160Cys) missense change in the HPD
gene. The girl has been only presenting with recurrent proteinuria of unknown etiology. A phenylalanine- and
tyrosine-restricted diet has never been administered.
Presented casemay suggest that high tyrosine concentration itself does not participate directly in neuronal dam-
age described in patients with tyrosinemia type 3.

© 2015 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Inborn errors of tyrosine (Tyr) metabolism corresponding to four of
thefive sequential enzymatic reactions of its degradation have been dis-
covered [1,2]. Three such diseasesmanifest hypertyrosinemia. These in-
clude HT1(type 1), HT2 (type 2), and HT3 (type 3)which is the least
frequent form of tyrosinemias. It is caused by mutations in the HPD
gene (12q14-qter) encoding 4-hydroxyphenyl-pyruvate dioxygenase
(4-HPPD) [3]. The 4-HPPD enzyme, which is present in the mammals'
liver and kidney, participates in the oxidation of keto acids of Tyr, and
through the reaction involving decarboxylation, oxidation, and rear-
rangement, the homogenizate is produced [4]. Mutations in the HPD
locus are related to two distinct diseases, HT3 transmitted in an autoso-
mal recessive trait, and hawkinsinuria, which is inherited in an autoso-
mal dominant way. Tyrosinemia type 3 is characterized by tyrosine
accumulation in body fluids, and massive excretion of tyrosine deriva-
tives (4-hydroxyphenylpyruvic acid [4-HPP], 4-hydroxyphenyllactic
acid [4-HPL], and hydrophenylacetic acid) into urine [5].
ics, Nutrition and Metabolic
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Only 13 cases with variable, but rather mild, clinical features have
been described so far [3,6]. However, 7 of the 8 patients diagnosed be-
yond the neonatal period have presentedmainlywith neurologic symp-
toms. Three of 5 children detected by neonatal screening had
psychomotor retardation, one had autism and mental retardation, [3]
the others were clinically asymptomatic [7]. Neurologic manifestations,
such asmental retardation, ataxia, and seizures are thought to be caused
by an elevated blood levels of tyrosine [8].

Although the enzyme is present in the liver and kidney, animal
models of HT3 have not demonstrated any evidence of hepato-renal
dysfunction in themutantmice. Fumarylacetoacetase and tyrosine ami-
notransferases were normal in these animals. Moreover, among 13 re-
ported patients only one had neonatal hepatitis [3]. As some
individuals are asymptomatic, the prevalence of HT3 may be
underestimated.

2. Case report

We report an 11 year old girl presenting with normal mental devel-
opment without any neurological symptoms, who has been diagnosed
with HT3 on the basis of biochemical findings of elevated urinary excre-
tion of p-hydroxyphenyl derivatives and blood hypertyrosinemia. An el-
evated blood tyrosine level was detected for the 1st time during the
diagnostic procedure of recurrent proteinuria (9–17 mg/L) observed
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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in the girl since the age of 7 years. No abnormalities were found on
physical examination. She displayed no food preferences or protein
aversions. The results of laboratory tests werewithin normal values, ex-
cept for an elevated blood tyrosine (439.9 μmol/L, n = 29–86 μmol/L)
and excretion of p-HPP and p-HPL into urine. Control laboratory tests
for blood amino-acids and urine organic acids confirmed
hypertyrosinemia of 535 μmol/L. Clinical suspicion of HT3 was made
and finally confirmed genetically with the next generation sequencing
(NGS). The study was approved by the Ethics Committee of the CMHI.
Informed consent from the parents/guardians of the patient undergoing
large-scale sequencing was obtained.

Known homozygous c.479ANG (p.Tyr160Cys) missense change in
the HPD gene (RefSeq NM_002150.2) was revealed by using TruSight
One Sequencing Panel (Illumina).
Fig. 1. Integrative genomics viewer picture of identified causative c.479ANG (p.Tyr160Cys) v
achieved 29 433 905 reads, the 10-fold target coverage was 97.5%, and the 20-fold coverage w
Large physicochemical difference (Grantham dist.: 194) between
Tyr and an introduced Cys at protein position 160 indicated possibly
pathogenic effect. Identified variant was also predicted as deleterious
by four algorithms (MutationAssessor, LRT, Mutation Taster and SIFT).
It is a very rare change as it was neither recorded in 1000Genomes
nor in our house-made 300 exomes database (Fig. 1).

The patient has never been following phenylalanine- and tyrosine-
restricted diet, which is recommended in HT1 [9, 10].

3. Discussion

Only a few patients with HT3 and variable clinical phenotype have
been described in the literature. Since some individuals are asymptom-
atic, the prevalence of HT3 may be underestimated. The newborn
ariant in HPD. The depth of coverage across the variant was 62/62. The sequencing run
as 94.5%.
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screening for HT3 is not available in Poland where only HT1 is included
into the neonatal screening program. Reported patient is homozygotic
to c.479ANG (p.Tyr160Cys) missense mutation in the HPD gene. She is
not the 1st individual with HT3 and such genotype, however the 1st
and the only reported so far without neurologic symptoms [11].

We report an asymptomatic girl being diagnosed due to the re-
current proteinuria. The diagnosis of HT3 in this patient was based
on an elevated serum tyrosine levels and the detection of p-
hydroxyphenyl derivatives in the urine. It is not clear whether
nephrological complications are associated with HT3 as the relevant
data are limited due to the rarity of the disease. It is known that in
HT1, tubular proteinuria may appear indeed, however, these include
phenylalanine and homogentisate which are toxic and cause this
dysfunction [12]. In HT3, the conversion of 4-HPP to homogentisic
acid by 4HPD does not take place, therefore accumulation of
homogentisate is prevented. It is difficult to state then, whether
proteinuria in our patient was a manifestation of HT3, or it was an
unrelated issue.

Nonetheless, HT3 patients been shown to be more prone to display
proteinuria. It may be due to high tyrosine from infancy, while HT1
patients manifest high tyrosine only after diagnosis and NTBC
treatment, but the issue has not been resolved yet.

Since in this type of tyrosinemia, the second step in tyrosine degra-
dation does not take place, fumarylacetoacetate (FAA) also does not ac-
cumulate, contrary toHT1,where FAA, not tyrosine itself is directly toxic
to the liver. It is suggested that FAA through inhibition of DNA
glycosylases removing oxidative base lesions in HT1 patients may
increase mutagenesis, which may comprise a potential mechanism for
development of hepatocarcinoma [13]. Tyrosine, on the other hand, is
claimed to cause neurodevelopmental problems. However, this
hypothesis seemsquestionable in the face of asymptomatic HT3 patient.
The more, increased excretion of porphyrin precursor, delta-
aminolevulinic acid, was detected during neurologic crises in patients
with HT1, not tyrosine [14, 15].

Its elevated levels were strictly connected with succinylacetone, a
tyrosine metabolite capable of blocking porphyrin synthesis, which
accumulates due to primary enzyme defect in HT1 fumarylacetoacetate
hydrolase deficiency [13]. Again, since FAA is not accumulated in HT3,
the condition should not be associated with neurologic impairment
then.

Another proposed hypothesis was that neurological involvement
described in patients with tyrosinemia type III might be due to an
excessive NO release [16].

Phenylalanine is a large, neutral amino acid (LNAA), which
competes for transport across the blood–brain barrier (BBB) via the
large neutral amino acid transporter (LNAAT). If phenylalanine is in
excess in the blood, it will saturate the transporter blocking other
LNAAs transport to the brain [17]. As a result of their decreased
brain levels, neurotransmitter synthesis is impaired, which hinders
brain development causing intellectual disability. However, the
question remains — which tyrosine level is already the toxic one? It
is difficult to answer it, since tyrosine levels in patients with neuro-
logical symptoms have varied, ranging from 500 to almost 1000
μmol/L. In our patient, the highest level of blood tyrosine was.

535 μmol/L (normal values: 29–86 μmol/L) and she still did not
display any neurological symptoms. There may be thus an individual
tolerance to different LNAA levels.

In the light of the arguments presented above, phenylalanine-
and tyrosine-restricted diet in HT3 seems not to be indispensable,
and rather should not be administered in these patients. Our patient
has never followed such a diet.
4. Conclusions

Tyrosinemia type 3 may not be associated with neuronal damage,
and its course can be asymptomatic. It seem, that a spectrum of symp-
toms, both hepatic and neurologic ones, in hereditary tyrosinemia is as-
sociated with FAA, which accumulation doesn't occur in HT3 because of
the inhibition of a second step in tyrosine degradation. It is not clear,
whether nephrological complications in our patient are associated
with HT3. Moreover, since HT3 may be asymptomatic, its prevalence
may be underestimated.
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