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Case Report

Odontohypophosphatasia treated with asfotase alfa enzyme
replacement therapy in a toddler: a case report
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Abstract. Hypophosphatasia (HPP) is a rare skeletal disorder caused by loss-of-function mutations in Alkaline
Phosphatase, Biomineralization associated (ALPL) gene that encodes tissue-nonspecific alkaline phosphatase.
Odontohypophosphatasia (odonto-HPP), a mild form of HPP, is characterized only by oral manifestations including
premature exfoliation of deciduous teeth. Enzyme replacement therapy (ERT) is effective in severe HPP cases; however,
information about its efficacy for odonto-HPP is limited. A 2-yr-old girl was referred to our hospital for mobility of her
deciduous teeth with low serum alkaline phosphatase (ALP) level of 253 U/L (reference range: 410-1,150 U/L) and
high urine phosphoethanolamine level of 1,419.9 umol/g -Cre (7—70 umol/g ‘Cre). She had no history of bone fractures;
however, several members of her family had low serum ALP levels with a history of pathological fractures. She had a
novel heterozygous missense mutation (c.1183A>T, p.Ile395Phe) in ALPL, and therefore, was diagnosed with odonto-HPP.
After she was provided ERT to prevent premature exfoliation, no tooth mobility was observed. However, two deciduous
teeth exfoliated two months after starting ERT, which was possibly triggered by a bout of common cold. Starting ERT
following tooth mobility might be relatively late. Previous studies on experimental mice showed that starting ERT at
birth may be effective in preventing premature exfoliation of deciduous teeth.

Key words: odontohypophosphatasia, premature exfoliation, deciduous teeth, enzyme replacement therapy,
asfotase alfa

the enamel, dentin, cementum, and alveolar bone.
HPP is classified into six forms according to the age

Introduction

Hypophosphatasia (HPP) is an inherited systemic
skeletal disease caused by loss-of-function mutations
in Alkaline Phosphatase, Biomineralization associated
(ALPL) gene that encodes tissue-nonspecific alkaline
phosphatase (TNSALP) (1). Deficient TNSALP activity
leads to accumulation of inorganic pyrophosphate, which
is the substrate of alkaline phosphatase (ALP) and an
inhibitor of hydroxyapatite formation (2), resulting in
defective bone and/or teeth mineralization (3). ALP
dysfunction in the teeth induces demineralization of
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of onset and severity: perinatal lethal, perinatal benign,
infantile, childhood, adult, and odontohypophosphatasia
(odonto-HPP) (3). Perinatal and most cases of infantile
HPP are inherited in an autosomal recessive manner.
The milder forms, such as childhood HPP, adult HPP,
and odonto-HPP, are inherited in an autosomal recessive
or autosomal dominant manner with the TNSALP
activity affected by the ALPL pathogenic variant (3). In
Japan, the birth prevalence of severe HPP is reportedly
1:150,000 (4); however, the prevalence of its milder forms
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—such as odonto-HPP— remains unknown.

Enzyme replacement therapy (ERT) using bone-
targeted recombinant ALP or asfotase alfa (Strensiq™;
ALEXION, Tokyo, Japan) has been reported to be
effective against severe HPP. In severe HPP, such as
perinatal and infantile HPP, progressive chest deformity
leads to an insufficiency of the respiratory system, and
the survival rate is reported to be 42% and 27% at the
ages of 1 and 5 yr, respectively (5). Asfotase alfa improves
the mineralization of the bone, including the ribs, and
respiratory function, and is mostly used in cases of severe
HPP (5-7).

Only one case of odonto-HPP treated with asfotase
alfa was reported (8); however, its clinical course and
the effectiveness of asfotase alfa against odonto-HPP
has not been reported. This is the first study to have
reported the effectiveness of ERT in odonto-HPP in a
2-yr- and 2-mo-old girl.

Case Report

Atthe age of 1 yr, the patient was incidentally found
to have low serum ALP levels during testing for food
allergy. At the age of 2 yr and 2 mo, she showed mobility
of her deciduous teeth (Miller’s Mobility Index Grade 3)
and was referred to our hospital for further examination.
The patient was born following full-term pregnancy with
a birth weight of 3,374 g, body length of 48.5 cm, head
circumference of 33 cm, and chest circumference of 31
cm (all within normal ranges). She had no significant
medical history related to bone abnormalities, fractures,
convulsions, or delay in walking and speaking. On
examination, her body weight and height were 11.0 kg
(~0.33 SD) and 85.0 cm (-0.25 SD), respectively. She
had no gait abnormality. Oral examination revealed
mobility of both deciduous mandibular central incisors
and one lateral incisor with deep pockets (4 mm) (normal
range: 1-3 mm).

Her family history revealed bone fractures in her
parents, paternal aunt, and paternal grandfather as well
as low serum ALP levels in her parents and paternal
aunt (Fig. 1). Her father had avulsion fractures three
times, and her paternal aunt had a humeral fracture
during their childhood. None of her relatives had dental
abnormalities.

Laboratory evaluation revealed a low serum
ALRP level of 253 U/L (reference range, 410-1,150 U/L,
measured via the method of Japan Society of Clinical
Chemistry). The levels of the isozymes ALP2 and
ALP3 were 43 U/L (reference range, 42—148 U/L) and
210 U/L (reference range, 43—151 U/L), respectively.
Elevated levels of phosphoethanolamine (PEA), a
substrate of ALP, were observed in her urine (1,419.9
umol/g ‘Cre; reference range, 7-70 pmol/g -Cre). Serum
calcium (9.7 mg/dL; reference range, 8.7-10.3 mg/dL),
phosphorus (5.8 mg/dL; reference range, 3.5-5.9 mg/dL),
magnesium (1.9 mg/dL; reference range, 1.7-2.3 mg/
dL), and intact PTH (42 pg/dL; reference range, 10-65
pg/dL) levels were within normal ranges. Dental X-ray
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Fig. 1. Pedigree of the patient. The arrow indicates the
proband. The normal range of alkaline phosphatase
(ALP) for adults is 115-359 (U/L). Underlining of
a number indicates that the ALP is decreased.
Asterisk (*) indicates that there was a change in
serum ALP during the perinatal period; 150 during
lactation for the first child; 98 during pregnancy
for the second child (this case); 106 at the end of
the lactation for the second child.

Fig. 2. Dental X-ray showed alveolar bone absorption in
the regions of the deciduous mandibular central
incisors. The arrows indicate the absorption of the
alveolar bone, whereas the arrow shafts indicate
the normal thickness of the alveolar bone (a). The
arrowheads indicate the exfoliation of the deciduous
mandibular incisors (b). a: before the exfoliation;
b: after the exfoliation.

showed alveolar bone resorption in the regions of the
deciduous mandibular left central incisors (Fig. 2a).
No characteristics related to rickets or osteomalacia
were observed on the X-ray of the trunk as well as the
upper and lower extremities. Genetic testing showed
a novel heterozygous missense mutation (c.1183A>T,
p-11e395Phe) in ALPL.

Her mother had a clavicular fracture at birth;
however, no other fractures were observed later on and
because no bone fractures were reported in the proband’s
maternal family line, her mother did not undergo genetic
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Fig. 3. The exfoliated teeth with the root. a: right deciduous
mandibular central incisor; b: left deciduous
mandibular central incisor.

testing. Moreover, her father rejected undergoing genetic
testing. Her paternal uncle had the same mutation in
ALPL as that of the proband, whereas her paternal
grandfather had no mutation. Her paternal grandmother
did not visit our hospital.

Odonto-HPP was diagnosed based on the history of
mobility of deciduous teeth with a marked decrease in
serum ALP and elevated urine PEA levels, family history,
and mutation in ALPL. After diagnosis of odonto-HPP,
the patient received ERT with subcutaneous injections
of 2 mg/kg asfotase alfa thrice a week. One month after
starting ERT, her serum ALP level increased to 23,280
U/L. She began to put her hand in her mouth and bite a
towel; such behavior was not seen before the treatment.
No new mobile teeth were noticed after starting ERT.
However, exfoliation of two deciduous teeth that were
already mobile was triggered by catching a cold 2 mo
after starting ERT (Fig. 2b). The roots of the teeth
remained attached to the lost teeth (Fig. 3a, 3b), which
is often seen in HPP (3). To date, she has been receiving
ERT at home without any adverse effects, bone fractures,
or developmental delay.

This study was approved by the Ethical Committee at
the Aichi Medical University (2019-145). All evaluations
and procedures were performed in accordance with the
tenets of the Declaration of Helsinki. We collected clinical
data retrospectively during routine medical practice.
Informed consent for publication was obtained from the
patient’s parents.

Why do deciduous teeth exfoliate in HPP?

In HPP, premature exfoliation of teeth is considered
to be caused by defective development of acellular
cementum, which is the tissue that anchors a tooth to
the alveolar bone via the alveolar ligament (9). Therefore,
exfoliated teeth have intact roots, which are often seen
in HPP (3). In the present case, the two exfoliated teeth

had morphologically normal roots. Thus, it is reasonable
to consider that tooth exfoliation occurred because of the
weakness in the connection between the cementum and
the alveolar bone and not owing to the dissolution of the
tooth roots. Premature exfoliation of deciduous teeth also
causes alveolar bone defects, leading to misalignment
or premature exfoliation of permanent teeth (3). To
avoid these abnormalities of the alveolar bone and the
permanent teeth, it is important to prevent premature
exfoliation of deciduous teeth.

Is ERT effective in treating odonto-HPP?

To the best of our knowledge, this is the first study
that described a case of odonto-HPP treated with ERT.
No new mobile teeth were noticed after ERT started.
However, exfoliation of two deciduous teeth that were
already mobile was triggered by catching a cold 2 mo
after starting ERT. Millan et al. reported that ERT was
effective on the teeth of Alpl~~ mice aged 16 d (10). Wild-
type (WT) mice showed complete dentin mineralization.
Alpl™ mice showed only partial mineralization of dentin
and the alveolar bone, whereas ERT-treated Alpl~~ mice
showed complete mineralization of these structures
such that no differences in mineralization of incisors
were seen between ERT-treated Alpl/”~ mice and WT
mice. In the present case, ERT was administered to the
patient after deciduous teeth were already mobile, and
premature exfoliation of the teeth could not be prevented.
A possible reason for this could be that enamel, dentin,
and cementum do not remodel after eruption. Therefore,
starting ERT during the neonatal period is crucial when
odontogenesis is complete.

Odontogenesis of deciduous teeth begins in the
embryonic period between the 6t and the 7th wk of
prenatal development (11). Between the 12t and 14th
wk of prenatal development, the enamel, dentin, and
acellular cementum begin to be produced by odontogenic
cellular byproducts (11). Cellular cementum, another
type of cementum, develops after most processes of
odontogenesis are complete and after the tooth occludes
with the tooth in the opposite arch (12). Therefore, it may
be effective to start ERT from the 6t week of prenatal
development and 1.5 yr after birth when cellular
cementum is completed (13).

In odonto-HPP, the mean number of deciduous
teeth that exfoliate prematurely is 4.2 (14). In the present
case, the current number of lost teeth is 2 and none
of her remaining teeth are mobile. If she has no more
exfoliated teeth until she turns 4 yr old, it may be fair
to say that ERT is effective in odonto-HPP to prevent
early exfoliation of deciduous teeth.

Will the diagnosis of odonto-HPP be altered
to childhood HPP?

In the present case, the patient showed only oral
manifestations based on which the diagnosis of odonto-
HPP was made; however, there remains a possibility of
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the diagnosis being changed to childhood HPP. Mori et
al. reported that 7 out of 9 cases diagnosed with HPP
showed premature exfoliation of deciduous teeth; their
median age was 14 yr (range, 6—19 yr) when they had
their first bone fractures (15). Moreover, the number of
prematurely exfoliated deciduous teeth correlated with
HPP severity (14). In the present case, the patient had
tooth exfoliation at the age of 2 yr and 4 mo, and the
diagnosis of odonto-HPP may be reserved until much
later in her life when no extraoral manifestations are
evident after long-term follow-up (14).

Conclusion

We could not prevent the exfoliation of deciduous
teeth despite administering ERT in a patient with
odonto-HPP. Starting ERT at a younger age may be
necessary to avoid exfoliation of deciduous teeth.
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