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Odonto-hypophosphatasia (odonto-HPP) is a mild form of hypophosphatasia (HPP) char-
acterised by premature exfoliation of primary and/or permanent teeth accompanied by low
serum alkaline phosphatase (ALP) activity levels, without abnormalities of the skeletal system.
Tooth agenesis (TA) is a common developmental anomaly characterised by the absence of one
or more teeth due to the failure of tooth formation. In this study, the present authors report
on a family simultaneously affected by odonto-HPP and TA for the first time. Comprehensive
genetic analysis identified two novel missense variants (c.103G>A and ¢.247G>A) in the ALPL
gene associated with odonto-HPP and no pathogenic variants in the reported TA genes, which
may expand the genetic spectrum of odonto-HPP and imply an unforeseen additional dental

abnormality associated with HPP.
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Hypophosphatasia (HPP) is a rare inherited disorder
characterised by reduced serum alkaline phosphatase
(ALP) activity, which is usually caused by loss-of-func-
tion mutations in the liver-bone-kidney alkaline phos-
phatase (ALPL) gene and mainly affects bone and teeth
mineralisation.! The incidence of HPP shows disparities
among various regions and demographic groups, with
rates spanning from 1/300,000 to 1/6,370.%3 The clinical
phenotype of HPP is extremely variable, ranging from
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mild dental abnormalities to severe skeletal issues and
potentially life-threatening complications. Currently,
according to the age of diagnosis and the presence or
absence of skeletal symptoms, HPP is divided into six
types: perinatal, prenatal benign, infantile, childhood,
adult and odonto-HPP.! Odonto-HPP is one of the mild-
est and likely most prevalent forms of HPP. Premature
loss of primary teeth is the common phenotype of pa-
tients with childhood, adult and odonto-HPP,* and is
also likely to be the earliest clinical manifestation.®
Premature loss of primary teeth may be attributed to
low serum ALP activity levels, which lead to defects in
the development of acellular cementum and affect the
development of tooth root and periodontal ligament
attachment.1.6-8

Tooth agenesis (TA) is one of the common tooth de-
velopment abnormalities and refers to a reduction in
the number of teeth due to tooth germ development dis-
order. The reported prevalence is around 2.2% to 10.1%
(excluding the third molars).® TA can occur in isolation
or as an accompanying symptom of certain systemic
diseases, with over 150 known syndromes having been
linked to this dental anomaly.

Thus far, there are no clinical reports connecting
odonto-HPP and TA. In this study, the present authors
report on a family affected by odonto-HPP and TA at the
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same time and analyse their relationship from a clinical
and genetic viewpoint.

Case presentation

The study was conducted in accordance with the Declar-
ation of Helsinki and approved by the Ethics Commit-
tee of the School of Stomatology, Fourth Military Med-
ical University (IRB-YJ-2022040). Informed consent was
obtained from all subjects involved in the study. Written
consent was specifically acquired from the patients for
the publication of this paper.

A 4.5-year-old boy attended the Clinic of Oral Rare
Diseases and Genetic Diseases of the Fourth Military
Medical University with his parents and complained
of premature loss of his primary anterior teeth. He
had normal growth and development, no significant
medical history of abnormal birth weight, rickets or
osteomalacia, bone fracture, late closure of fontanels or
delayed walking with a characteristic “waddling” gait.
The oral examination revealed several dental caries and
the absence of teeth 72 and 82 (Fig 1a to c). Panoramic
radiographs revealed that the tooth germ for teeth 15,
17,25, 27, 35, 37, 42, 45 and 47 was not visible, and there
was reduced alveolar bone, enlarged pulp chambers
and root canals in the proband (Fig 1d). The authors
provided comprehensive treatment for the proband’s
dental caries and removed the non-salvageable teeth
(Fig 1e to g). After the 3-month postoperative review,
it was found that teeth 73, 75 and 81 had fallen out
(Fig 1h to j). Notably, the root structure of the prema-
turely lost mandibular right primary central incisor was
mainly preserved (Fig 1k). Subsequently, a removable
functional space maintainer was inserted to maintain
the missing tooth space in the primary dentition and
restore chewing function (Fig 1l to n). The patient’s
serum ALP level (58U/L) was lower than the reference
value (143-406 U/L). There were no abnormalities in
serum calcium, serum phosphorus, parathyroid hor-
mone and 25-hydroxyvitamin D.

The proband’s father also reported a history of pre-
mature loss of primary teeth (details unavailable) and
mandibular anterior teeth (32 and 41) with a low serum
ALP level of 22 U/L (reference range 40 to 150 U/L).
Panoramic radiographs showed that teeth 35 and 45
were congenitally missing and that there was alveolar
bone I to II resorption (Fig 1o0). The proband’s mother
did not have a history of premature loss of primary
teeth and presented a normal serum ALP level. They
did not report any other significant bone abnormalities
and did not have a history of epilepsy or other systemic
diseases.
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In summary, considering the clinical presentation
along with the results from laboratory tests and radio-
logical assessments, the proband and his father were
identified as having concurrent odonto-HPP and TA.

Genomic DNA was extracted from the peripheral
blood of the family members and analysed using
whole-exome sequencing (WES) and Sanger sequenc-
ing. Exons were captured using the Agilent SureSelect
Human All Exon V6, and sequencing was performed
on the BGISEQ-500 platform (BGI, Shenzhen, China).
The mean sequencing depth of target region was
higher than 100, and 20x coverage for more than 98%
targeted bases was achieved for each sample. The
secondary analysis was performed using the Genome
Analysis Toolkit (GATK) (v4.4.0.0) software suite
(Broad Institute, Cambridge, MA, USA) for sequencing
data analysis. Sequencing fragments were compared
with the human reference genome hg38 reference
genome using the Burrows-Wheeler-Alignment (BWA)
Tool and screened based on ClinvVar, OMIM, HGMD,
1000G, SnpEff and gnomAD databases. A panel of
the silico pathogenicity prediction tools (including
SIFT, PolyPhen-2 HVAR, PolyPhen-2 HDIV, FATHMM,
PROVEAN, MutationAssesor, MutationTaster and
CADD) was employed to evaluate the variants.

Two novel missense variants (c.103G>A/p.Glu35Lys
and ¢.247G>A/p.Glu83Lys) in the ALPL gene were found
in the proband and his father (Fig 2a). According to the
American College of Medical Genetics classification
standards, the variants c.247G>A (PM1, PM2, PP2, PP3,
PP4) and ¢.103G>A (PM1, PM2, PP2, PP4) were classi-
fied as variants of likely pathogenic (LP). To verify the
variants in ALPL, regular polymerase chain reaction
(PCR) was performed, the PCR products were analysed
by Sanger sequencing and sequence data were analysed
using Sequencher software 5.4.5 (Gene Codes, Ann
Arbor, MI, USA) (Fig 2b). The sequence conservation
analysis indicated that p.Glu83 has a high degree of
sequence conservation in 10 distinct species, followed
by p.Glu35 (Fig 2c). Structural prediction of ALPL vari-
ants indicated that the Glu83Lys substitution (Fig 2d
and e) eliminates two hydrogen bonds between this
residue and Arg391/Gly392, which reduces intermo-
lecular interactions. By contrast, the Glu35Lys variant
(Fig 2f and g) gains a novel hydrogen bond with Gln32
but loses the native hydrogen bond linked to Lys38.
Such rearrangement of hydrogen-bonding networks
disturbs intermolecular forces and ultimately impairs
the structural stability and physicochemical charac-
teristics of the target protein.Furthermore, multiple
in silico pathogenicity prediction tools indicated that
the ¢.247G>A variant is predicted to be deleterious,
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Fig 1a to o Intraoral images of the proband taken at the initial visit (a to ¢). Panoramic radiograph of the proband (d). Intraoral
images of the proband taken after initial treatment (e to g). Intraoral images of the proband taken 3 months postoperatively (h to j).
The proband’s exfoliated tooth 81 (k). Intraoral images of the proband taken after wearing a removable functional space maintainer
(I'to n). Panoramic radiograph of the proband’s father (0). The star symbol represents a congenitally missing permanent tooth.

whereas the ¢.103G>A variant is predicted to be benign
or well-tolerated.

Next, given the presence of TA in both the proband
and his father, the present authors screened the WES
data against known pathogenic genes associated with
this condition. However, following an autosomal domi-
nant inheritance pattern, no causative variant was
identified, and it was not possible to explain why the
proband presented with a more severe congenital
phenotype than his father.

Discussion

Odonto-HPP is an inherited disorder characterised by a
decline in serum ALP activity, which is in turn charac-
terised by premature exfoliation of primary and/or per-
manent teeth, without abnormalities of the skeletal sys-
tem. Thus far, the ALPL gene remains the sole identified
gene associated with HPP, and there have been reports
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of over 400 ALPL-related mutations (usually missense).
The ALPL gene, situated on chromosome 1p, encom-
passes 12 exons and encodes for 524 amino acids. There
are five domains identified in ALPL: the active site, the
homodimer interface, the crown domain, the N-termi-
nal a-helix and the metal-binding site. The N-terminal
a-helix region plays a critical role in guiding the cor-
rect folding of tissue-nonspecific alkaline phosphatase
(TNAP) and supports the assembly of other functional
domains, with its stability dependent on an integrated
“hydrogen bond network and local charge balance” sys-
tem.

In this study, the present authors identified two
new missense variants responsible for the odonto-
HPP phenotype in the proband and his father. Both
p-Glu35Lys and p.Glu83Lys localised within the core
segment of a-helix domain. These dual-site perturba-
tions synergistically amplify local charge repulsion,
inducing complete destabilisation of the N-terminal
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Fig2atog Pedigree map (black arrows represent the proband) (a). Sanger sequencing chromatograms (red arrows represent the
position of mutated bases) (b). Protein sequence alignment comparing the partial amino acid sequences of ALPL between humans
and a number of other species (red arrows indicate the amino acids that were altered in ALPL) (c). Structural representation of amino
acid 83 in wild-type and mutant proteins. Glu83 formed three hydrogen bonds to Gly82, Arg391 and Gly392, while Lys83 formed only
one hydrogen bond to Glu84 (d and e). Structural representation of amino acid 35 in wild-type and mutant proteins. Glu35 formed
three hydrogen bonds to Asp31, Try39 and Lys38, while Lys35 formed three hydrogen bonds to Asp31, GIn32 and Try39 (pink dotted

lines denote hydrogen bonds) (f and g).

a-helix, an effect far more severe than that of either
single variant alone, which results in the loss of its
core function as the backbone for protein folding.
Theoretically, the two missense variants are expected
to synergistically disrupt TNAP structure, causing se-
vere functional defects. Paradoxically, the carriers (the
proband and his father) exhibited only mild clinical
symptoms. This discrepancy highlights the complexity
of genotype-phenotype correlations, likely mitigated by
in vivo compensatory mechanismes.
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A number of mechanisms may explain the milder
phenotypes. First, partial functional retention might be
the key. Theoretically, the dual variants are expected to
induce structural collapse of TNAP, reducing its activity
below 20% of normal, the threshold for HPP. However,
the unique structural characteristics of the N-terminal
a-helix domain mean its disruption may cause only
partial misfolding rather than complete destabilisation.
Consequently, a fraction of functionally competent
TNAP can still localise to mineralisation sites, meeting
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basic physiological demands.19 This possibility is sup-
ported by the recently revealed octameric architecture
of TNAP.1

Second, a weak dominant-negative effect further
explains the phenotypic heterogeneity in HPP. In
the present case, both variants were located in the
N-terminal a-helix domain. Although they caused mis-
folding, their interference with wild-type TNAP dimeri-
sation and function was limited, resulting in a weak
dominant-negative effect. Crucially, the impact differs
drastically if a variant affects the dimer interface itself,
where it can block dimerisation and exert a strong dom-
inant-negative effect, leading to severe disease. This
spectrum is illustrated by functional data: p.Glu191Lys
(mild, 68% activity, no dominant-negative effect) versus
p-Gly334Asp (severe, 1.2% activity, strong dominant-
negative effect).12

Third, the buffering effect of modifying factors
serves as a key mechanism that encompasses two
dimensions: genetic and environmental modification.
HPP exhibits pronounced phenotypic heterogeneity.
Even with the same combination of variants, modify-
ing factors can significantly attenuate disease severity.
In terms of genetic modification, since the mechanism
of mineralisation has been greatly deciphered, a series
of genes involved in the inorganic phosphate and the
inorganic phosphate metabolism has been suggested as
possible modifiers of the HPP phenotype.!? Regarding
environmental modification, the early nutritional sta-
tus, living environment and health conditions of pa-
tients can substantially influence phenotypic severity.!

Fourth, the dissociation between early onset and
mild features can be explained by the developmental
stage-specific function of the N-terminal a-helix. This
domain is critical for the early membrane localisation
and folding of TNAP during primary tooth development
and initial bone mineralisation.1? The structural defects
caused by our variants are therefore most consequen-
tial at this early, high-demand stage, leading to identifi-
able yet mild manifestations. With aging, the activation
of compensatory pathways may mitigate further func-
tional decline, preventing the progressive features typ-
ical of moderate-to-severe HPP.14

The “structural damage potential” of the dual variants
is counteracted by in vivo compensatory mechanisms,
including the enzyme activity remaining above the clin-
ical threshold, the weak dominant negative effects and
the buffering role of modifying factors. Ultimately, the
final clinical phenotype is characterised by “early onset
yet mild manifestations”. Thus, it is essential to recog-
nise that even if dual variants are theoretically predicted
to cause “severe structural disruption”, they may still
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result in mild HPP. Clinical diagnosis should integrate
serum ALP activity measurement with comprehensive
clinical symptom assessment for accurate evaluation.

Previous studies have indicated that many patients
with odonto-HPP exhibit other dental abnormalities.
The present authors summarised the dental abnor-
malities of 26 odonto-HPP cases from the PubMed
and CNKI databases from January 2000 to June 2024
(Table S1, available on request), which mainly include
premature loss of primary teeth, alveolar bone resorp-
tion, abnormal tooth morphology, short root anomaly,
enamel hypoplasia, enlarged pulp chambers and root
canals, abnormal tooth eruption and dental caries;
however, there are no reports of TA. Therefore, this
represents the first documented case report of concur-
rent odonto-HPP and TA. Since no pathogenic genes
for tooth agenesis were identified in this pedigree, the
present authors prefer to hypothesise that tooth agen-
esis and odonto-HPP coexist incidentally, which may
represent an unforeseen additional dental anomaly
associated with odonto-HPP. However, due to limita-
tions of sequencing technologies and potential biases
in variant screening strategies, the possibility that this
pedigree harbours novel pathogenic genes for tooth
agenesis cannot be completely ruled out.

Notably, previous studies have indicated that many
patients with HPP exhibit dental abnormalities and/or
other symptoms during childhood, but the final diag-
nosis often occurs significantly later than the onset of
these symptoms.1516 In this case, the proband lost his
first primary anterior tooth at the age of 3 years and
6 months, and the confirmation of odonto-HPP was
delayed by 12 months. Immediate evaluation for HPP
is recommended for patients who experience early loss
of primary teeth without a known cause to minimise
diagnostic delays.

When dental symptoms appear early in life in the
absence of skeletal disease, a diagnosis of odonto-HPP
may seem appropriate at the time, but a subset of
affected patients may later develop signs of childhood/
adult HPP. Berkseth et al retrospectively reviewed the
medical records of 22 adult patients with HPP. Most
of these individuals presented with childhood dental
abnormalities including premature exfoliation, reten-
tion, or agenesis of primary teeth, followed by the
subsequent onset of chronic myalgia, arthralgia and
recurrent pathological fractures. Some patients diag-
nosed with odonto-HPP in childhood may later pres-
ent abnormalities other than teeth and develop signs
of adult or childhood forms of HPP.1> Consequently,
patients presenting with apparently isolated dental
symptoms should be monitored for the emergence of
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bone or systemic symptoms during the remainder of
childhood and throughout adulthood.

Conclusion

The present study reported on a family simultaneously
affected by odonto-HPP and TA for the first time. Com-
prehensive genetic analysis identified two novel mis-
sense variants (c.103G>A and ¢.247G>A) inthe ALPL gene
associated with odonto-HPP and no pathogenic variants
in the reported TA genes, which may expand the genetic
spectrum of odonto-HPP and imply an unforeseen add-
itional dental abnormality associated with HPP.
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