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Abstract

Hypophosphatasia (HPP) is a rare inherited disorder characterized
by low serum alkaline phosphatase. It affects bone and tooth min-
eralization, although extra-skeletal manifestations are frequent. HPP
is caused by loss-of-function mutations in the ALPL gene, encoding
the protein tissue-nonspecific alkaline phosphatase. The phenotype is
broadly variable, from a subtype with exclusive odontological com-
promise (odontohypophosphatasia) to five subtypes with systemic in-
volvement, classified according to the age of onset at first symptoms.
We present seven cases of HPP, in order to perform the clinical, bio-
chemistry and radiological description of these Colombian patients,
as well as to show the clinical variability of the disease in patients
who present the same mutation or genetic defect.
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Introduction

Hypophosphatasia (HPP; OMIM #241500, 241510, 146300) is
arare and hereditary disorder of bone and mineral metabolism,
first described by Rathbun in 1948, who reported low levels of
alkaline phosphatase (ALP) activity in blood and in several tis-
sues from an infant who died with rickets and epilepsy [1, 2].
It is caused by loss-of-function mutations in the tissue-nonspe-
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cific ALP (TNSALP) gene, the gene encoding the isoenzyme
TNSALP, which is located in the chromosome 1p36.1-1p34. It
is found predominantly in the bone, teeth, kidney and liver, but
also in other cell types. This enzyme is located on the extracel-
lular surface of the membrane and hydrolyses phosphates. In
HPP, the reduced activity of TNSALP leads to the extracellu-
lar accumulation of inorganic pyrophosphate (PP1), pyridoxal
5'-phosphate (PLP) and phosphoethanolamine (PEA). The in-
creased extracellular PPi acts as an inhibitor of skeletal miner-
alization [2] and it is the main metabolite associated with bone
involvement [3-5].

HPP has been classified based on age at first manifestation
of the disease, and the clinical presentation of HPP is influenced
by mode of inheritance. There are six types of HPP described
based on onset age: perinatal lethal, prenatal benign (in utero
and at birth), infantile (age < 6 months), childhood (age > 6
months to < 18 years), adult (age > 18 years) and odontohy-
pophosphatasia (this is the least severe form of HPP and affects
only the teeth (spontaneous loss of fully rooted deciduous teeth
or severe caries)) [6]. The large variation in clinical manifes-
tations of the disease reflects the extent of the loss of enzyme
function and may be indicated by a variety of symptoms and
signs over a wide range of ages. In some cases, clinical manifes-
tation or severity of the disease can be correlated with residual
ALP activity and/or dominant negative effects [4, 5, 7].

The diagnosis of HPP is based on low level of serum ALP
activity and genetic testing of the ALPL gene mutations. To
date, approximately 410 mutations have been reported until
May of 2020 (http://www.sesep.uvsq.fr/03_hypo mutations.
php) with the majority being missense variants which could
explain the large heterogeneity in the clinical presentation and
severity of the disease among affected individuals. However,
the imperfect genotype-phenotype correlation has been ob-
served, suggesting that other genetic or environmental factors
modulate the phenotype and it makes genetic counselling and
prognosis difficult [3, 7].

Since 2015, asfotase alfa (Strensiq®; Alexion Pharma-
ceuticals, Inc., New Haven, CT, USA), a human, recombinant
TNSALP replacement therapy, replaces deficient TNSALP ac-
tivity in patients with HPP and decreases the accumulation of
substrates. It is available in different countries, given a new
option of treatment for patients with HPP. Nowadays, Asfotase
alfa was approved by Food and Drug Administration (FDA)
and European Medicines Agency (EMA) for use in pediatric-
onset HPP [4].

We present seven cases of unrelated Colombian patients
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Table 1. Laboratory Profile of Hypophosphatasia Patients

Laboratory test Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Alkaline phosphatase <20U/L 9.0 U/L 116.6 U/L 114 U/L 31 U/L 30 U/L 274 U/L

Calcium 9.5 mg/dL 9.4 mg/dL 10.71 mg/dL 9.3 mg/dL 9.8 mg/dL 10.3 mg/dL 10 mg/dL

Phosphorus 8.6 mg/dL 4.8 mg/dL 5.24 mg/dL 5.75 mg/dL 3.1 mg/dL 5.9 mg/dL 6.4 mg/dL

Parathyroid hormone 192 pg/mL  57.6 pg/mL  24.0 pg/mL 26.35 pg/mL 31 pg/mL 67 pg/mL 40.9 pg/mL

Vitamin D 22.7ng/mL 17.8 ng/mL  53.2 ng/mL 36.4 ng/mL 38.9 ng/mL ND 28.3 ng/mL
ND: no data.

with different types of HPP in order to perform the clinical,
biochemical and radiological description of these Colombian
patients, as well as to show the clinical variability of the dis-
ease in patients who present the same mutation and the differ-
ent modes of inheritance.

Case Reports

The clinical phenotypes and biochemical test of all seven pa-
tients with HPP (six males and one female) are from seven
unrelated families. Also, in order to confirm the diagnosis of
HPP and try to correlate the phenotype with a specific geno-
type, mutational analyses of the ALPL gene were performed in
all patients (Tables 1 and 2).

Case 1

A male infant, product of second pregnancy, was born by C-

Table 2. Clinical, Molecular and Radiographic Findings

section at 36 weeks with an antenatal history of short long
bones and clinical suspicion of imperfect osteogenesis. There
was no history of consanguinity. Radiographic studies showed
alteration of the density and morphology of long bones from
upper and lower limbs, decreased cortical bone, increased
trabeculation and angulation of the diaphysis and focal bone
defects of the metaphysis resembling radiolucent “tongues”
(Figs. 1, 2).

The physical examination at 6 months showed a height
of 58.5 cm (-2.5 standard deviation (SD)), weight of 5.4 kg
(-1.89 SD) and a head circumference of 40 cm (-2.5 SD). The
following positive findings were observed: microcephaly,
short neck, mild rhizomelic shortening and asymmetry of
lower limbs.

Laboratory investigations revealed a serum calcium con-
centration of 9.5 mg/dL, a phosphate concentration of 8.6 mg/
dL, an ALP level below 20 U/L (reference value: 134 - 518
U/L), parathyroid hormone (PTH) concentration of 19.2 pg/
mL and a 25-hydroxyvitamin D concentration of 22.7 nmol/L.
The neonatal form of HPP was diagnosed. Molecular study for

Case 1 Case 2 Case 3 Case 4 Case S Case 6 Case 7
Gender M M M M M M F
Age of onset In utero 3 years 10 months 18 months 2 years 10 months 8 months
of symptoms
Age of diagnosis At birth 3 years 5 years 12 years 13 years 6 years 9 years
History of motor - - - + + + +
development delay
Dental NA + + + + + +
manifestations
Fractures - + - - - -
Seizures - - - - - + _
Craniosynostosis - - - - + -
Short stature + + + + + + +
Scoliosis - + - - - + +
Limb deformity + + - + + + +
ALPL mutations p-Glu298Lys/p.  p.Alal32Thr/p. p.Glu298Lys p.Glyll12Arg p.Glu298Lys/p. p.Glu298Lys/p. p.Glu298Lys/p.
Glu298Lys Glul91Lys Glu298Lys Glu298Lys Glu298Lys
Type of Perinatal benign  Childhood Childhood Childhood Childhood Childhood Childhood
hypophosphatasia
+: present; -: absent.
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Figure 1. Horizontalization of the rib arches, decreased bone mineral
density and slight thickening of the chondrocostal junctions (arrows).

ALPL reported a pathogenic variant ¢.892G>A (p.Glu298Lys)
in a homozygous state.

Patient started treatment with asfotase alfa at 2 mg/kg
of body weight administered subcutaneously three times per
week, with adequate tolerance. He has not presented adverse
effects and had adequate psychomotor development, improve-
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Figure 2. Before the treatment: alteration in the morphology of femurs
with angulation of the diaphysis, mineralization defects in the bilateral
metaphyses of the femurs, tibiae and fibula; alteration in the density
and morphology of the long bones of the lower limbs (arrows).
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Figure 3. After 3 months of treatment with asfotase. A decrease in the
angulation of the diaphysis of the long bones is observed, the “tongue”
defects disappear and there is an increase in bone mineralization and
a decrease in metaphyseal widening (arrow).

ment in height and weight for age, and bone mineralization
(Fig. 3).

Case 2

A 26-year-old male patient with clinical and molecular diag-
nosis of childhood HPP with a marked decrease in ALP of
9.0 U/L (reference value: 40 - 129 U/L) arrived for clinical
judgment. On complete sequencing of the ALPL, two patho-
genic variants were identified: ¢.394G>A (p.Alal32Thr) and
¢.571G>A (p.Glul91Lys). The results were consistent with a
diagnosis of autosomal-recessive HPP.

He had a disproportionate pathological short stature, oste-
omalacia and progressive bone deformities detected since age
3, history of pathological fractures in both arms and in spine
with minimal traumas and premature loss of deciduous teeth
at 5 years of age. Currently, he has varum deformities in the
lower limbs, in which several corrective surgeries were per-
formed and enamel hypoplasia of teeth was observed (Fig. 4).

He was assessed by nephrology who found nephrolithi-
asis and vitamin D deficiency. For this, endocrinology initiated
supplementation with vitamin D 8,000 IU/week.

On physical exam, he had disproportionate short stature,
asymmetric limbs, bowing and mesomelic shortening of the
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Figure 4. Genu varum, shortening of the left lower limb, loss of bone
substance from the distal third of the left fibula, change of osteoarthritis
in the knees and at the level of the neck of the left foot and marked
osteopenia (arrows).

four limbs, asymmetry of lower limbs with genu varum, right
radius and cubitus arching, brachydactyly at hands and feet,
and diminished arc of movement in elbows.

Case 3

A 3-year 10-month-old male patient was referred to pediatric
endocrinology by short stature and history of craniosynostosis
(Fig. 5), without other relevant medical history. Physical exam
showed a height of 92 c¢cm (-2.16), weight of 13 kg (-2.39),
body mass index (BMI) of 13.5 (-1.47), teeth with multiple
damages and slight hyperflexibility in the upper extremities.
No other relevant findings were noted.

Studies showed thyroid-stimulating hormone (TSH) of
2.68 ulU/mL, T4 of 1.8 ng/dL and insulin-like growth factor
1 (IGF-1) of 69 ng/mL. On carpogram, an “unusual” pattern
of ossification was reported. For this reason, skeletal dyspla-
sia, collagenopathies or HPP were proposed, and a complete
phosphocalcic metabolic panel and referral to genetics were
ordered.

Patient was seen by another pediatric endocrinologist and
geneticist, both reporting laboratory findings as normal, di-
agnosing constitutional delay of growth and giving nutrition
indications.

Patient returned at age 5 years 6 months with a height of
101.7 cm (-2.14), weight of 14 kg (-2.96), BMI of 13.5 (-2.02)
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Figure 5. Lateral cranial X-ray: craneosynostosis is observed with a
beaten silver appearance of the skull (arrow).

and growth velocity of 4.3 cm/year (P < 3).

Laboratory profile showed 24-h calciuria of 1.5 mg/kg/
day, phosphate tubular reabsorption of 94%, PTH of 24.07
pg/mL, 250H-vitamin D of 53.24 ng/mL and ALP of 116.66
U/L (reference value: 156 - 369 U/L). Due to physical exam,
impaired growth and laboratory findings, HPP was suspected.
ALPL gene sequencing reported ¢.892G>A (p.Glu298Lys) in
heterozygous state. The patient’s family was tested, showing
father’s ALP of 122 U/L (reference value: 40 - 150 U/L) and
mother’s ALP of 41 U/L (reference value: 40 - 150 U/L). The
molecular test confirmed that mutation was inherited from his
mother.

A comparative bone age study by Greulich and Pyle
method corresponded to 2 years and 8 months with a patient’s
chronological age of 4 years and 8 months. An “unusual” pat-
tern of ossification was observed.

Case 4

A 12-year-old male patient with a history of delayed psycho-
motor development was referred for evaluation. At the age
of 18 months, he went to orthopedics for gait delay, and pre-
mature loss of three teeth. Osteogenesis imperfecta was sus-
pected. He was assessed by a geneticist in the United States
who discarded it, and medical assessment was not continued.
He walked after 18 months of age, and family members ob-
served he presented impaired gait with easy fatigue, unable to
do physical activity or walk for more than five blocks without
pain, and progressive deformity in valgus in knees and ankles.

Physical exam showed low weight and height for age, gait
with altered pattern, greater proximal effort, with difficulty
for tiptoes, imbalanced gait, pain to palpation of the anterior
superior iliac spine on the left side, brush and patellofemoral
crepitation in both knees, increased external rotation of both
tibiae and femurs, preserved hip rotations, severe knee pain
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Figure 6. Magnetic resonance imaging of both knees: characteristic metaphyseal images on tongue (arrows).

with flexion above 90°, ankle with slight valgus, slight lumbar
deviation to the right and major muscle retractions.

An X-ray and a magnetic resonance imaging (MRI) of
both knees and a panoramic X-ray of lower limbs showed
tongue lesions at the level of bilateral femur and tibia meta-
physis, valgus ankle and knee deformity (Fig. 6). Bone hy-
pomineralization metabolic disorder was suspected.

Laboratory tests showed ALP of 114 U/L (reference value:
141 - 460 U/L), creatine phosphokinase (CPK) of 97, phospho-
rus of 5.75 mg/dL, lactic dehydrogenase of 170 and calcium
of 9.3.

Molecular analysis reported a likely pathogenic variant in
heterozygous state ¢.334G>C (p.Gly112Arg) in ALPL. Parents
were not studied, because they were not available.

Enzyme replacement therapy with asfotase alfa was start-
ed. At the end of the first month of therapy, the patient felt
much better, with significantly lower pain in the limbs, and
lower fatigue. Clinically, improvement in gait and knee range
of motion was observed. By 3 months, he had significant im-
provement in gait, no longer tired so easily, improvement in
muscle strength, achieved long-distance walks (several kilom-
eters) and already rode a bicycle without getting tired easily;
gait looked more stable, improvement of the knee valgus and
full knee range of motion were noted.

Case 5

A 13-year-old boy had gait delay with premature loss of de-
ciduous teeth (2 years), with family history of low levels of
ALP (mother and sister) and parental consanguinity.

In the physical exam, there was evidence of a lame gait
secondary to discrepancy of length in the lower limbs (short-
ening of the lower left limb), femoral retroversion, bilateral
genu valgum and internal tibial torsion (Fig. 7). Radiological
findings were typical, such as generalized osteopenia, femoral
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arching, and widening and areas of metaphyseal translucent. In
addition, spondylodysplasia and pectus carinatum were noted.
ALP was low at 31 U/L (reference value: 141 - 460

253.5 mm_
TIBIAL 3

Figure 7. Bilateral genu valgum with multiapical deformities in the fe-
mur and tibia (arrow).
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Figure 8. Narrow thorax, chest deformity: the ribs appear swollen;
beading and cupping are seen in their anterior ends, hypomineraliza-
tion and scoliosis (arrow).

U/L). The diagnosis of HPP was confirmed, and the sequenc-
ing of the ALPL gene reported homozygous for the mutation
¢.892G>A (p.Glu298Lys).

Surgical management was performed with left femoral
and tibial osteotomies with endomedular fixation with tel-
escoped nails and after right femoral and tibial osteotomies
with endomedular fixation with telescoped nails (telescopes)
and bilateral medial distal femoral hemiepiphysiodesis.

Currently, he presents an adequate clinical and function-
al evolution, and receives enzyme replacement therapy. He
was asymptomatic, with gait without external aids, sustained
growth and progressive improvement of angular alterations in
his lower extremities.

Radiographic control studies of consolidated osteotomies,
position of the appropriate osteosynthesis material, telescop-
ing endomedular nails and the mechanical axis of both lower
extremities have progressed towards normality.

Case 6

A 14-year-old male patient, second pregnancy product without
complications, non-consanguineous parents, was evaluated.

At the age of 10 months, he had an obvious short stature
that was associated at 15 months of age with chest deform-
ity, frontal bossing and progressive genu valgum. In addition,
he coursed with delayed standing and independent walking.
At 2 years of life, non-traumatic tooth loss began. The patient
started with seizures at 15 months of age until 3 years. No new
seizures episodes were noted so far.

Finally, at 4 years of age, he was assessed by genetics that
requested studies. Those evidence levels of ALP were low for
age: 30 IU/L (reference value: 156 - 369 IU/L). At that time,

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™

a diagnosis of juvenile HPP was given; however, there was
no therapy available and symptomatic management was given.

In 2013, patient was assessed again by genetics, showing
progression of deformities. Long bone radiographs showed
marked osteopenia of all bone structures, most at the proxi-
mal metaphysis of the femur, proximal and distal tibiae, distal
metaphysis of the cubitus and radius, and proximal humeral
metaphysis. Medial bowing of tibia and fibula, irregularity in
the heads of the fibulae, osteopenia of bones of hands, univer-
sal widening and shortening of the costal arches (Fig. 8), varus
deformity of the femoral necks and marked osteopenia of the
pelvic bone structures and scoliosis were noted. ALP was 27
U/L (reference value: 141 - 460 U/L).

The physical examination showed a height of 121 cm (-3
SD), a weight of 20 kg (-3 SD) and a head circumference of 51
cm. The following signs were observed: dolichocephaly, oli-
godontia, pectus carinatum, genu valgus, bilateral incurvated
of tibiae and fibula. Genetic study revealed a homozygous mu-
tation ¢.892 G>A (p.Glu298lys).

Enzyme replacement therapy with asfotase alfa was start-
ed. In the first 6 months of treatment, the patient improved his
gait, increased his muscular strength and managed long dis-
tance walks in addition to jumping on his lower limbs.

Polysomnographic study performed at 15 years of age
showed a severe sleep apnea-hypopnea syndrome (apnea-hy-
popnea index (AHI): 12.6/h) associated with desaturation and
snoring. New polysomnographic study at 19 years of age re-
ported mild apnea-hypopnea syndrome (AHI: 11.7/h). Spirom-
etry and volume flow curve performed at 19 years of age re-
ported restrictive ventilatory alteration that did not respond to
the bronchodilator.

Case 7

The proband was a 9-year-old female, who is the youngest
of three children and was born after a term pregnancy of 39
weeks of consanguineous parents.

At the age of 8 months, the mother evidenced deformity
in spine and thorax. She received a diagnosis of idiopathic
scoliosis and initiated evaluation by orthopedics. At age of 2
years, she was evaluated by a geneticist that gave a diagnosis
of metaphyseal dysplasia. An early loss at 2 years of deciduous
teeth was reported, and at the age of 5, due to the progression
of deformity, a corset orthosis was indicated. Surgical manage-
ment was considered due to the progression of scoliosis and
pain. No seizures, fractures were observed.

The physical exam showed a height of 120 cm (-3.25),
a weight of 20 kg (-3.4) and a head circumference of 50 cm
(-2.30), with normal teeth, rib depression in the left hemitho-
rax, pectus carinatum, asymmetry of scapulae, severe scoliosis
and left thoracic gib. Her blood calcium, phosphorus and PTH
levels were normal. There were no abnormal levels of amino
acids or mucopolysaccharides in her urine analysis, and the
serum ALP activity was low 27.4 U/L (reference value: 156 -
359 U/L).

At 7 years of age, the right thoracic curve measured 30°,
which progressed to 40° by the age of 9 (Fig. 9). Radiographs
of long bones documented that the proximal and distal metaph-
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Figure 9. Spinal X-ray (2015): left scoliosis with a Cobb angle of 40°
and decrease of bone mineralization (arrow).

ysis were significantly widened, with hypomineralized regions
and physeal widening.

A homozygous ¢.892G>A (p.E298K) mutation was de-
tected in the ALPL gene.

Her mother had a borderline serum ALP level of 44 U/L
(reference value: 156 - 369 IU/L) and was heterozygous for
the ¢.892G>A mutation. A bone mineral density scanning of
the mother reported a normal z score and the levels in the
proband’s sister was normal. They have no known family his-
tory of HPP.

Because she is having school issues, cognitive tests were
conducted (WISC IV). They determined mild cognitive dis-
ability (CIT 63) in the patient.

After diagnosis, she started treatment with enzyme thera-
py, and surgical management of scoliosis was performed with
adequate clinical and functional evolution. She had improve-
ment in height, weight, pain in limbs, spine and more partici-
pation in physical activities.

Bone densitometry monitoring showed normal bone min-
eral density for the patient’s age, sex and race, and both im-
provement in bone mass and density.

Discussion

HPP was first described by Dr. John Campbell Rathbun in 1948
[7, 8]. It is a rare inherited metabolic disorder characterized
by defective bone and teeth mineralization, and deficiency of
serum and bone ALP activity caused by loss of function muta-
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tions within the gene that encodes the TNSALP. More than
411 mutations have been described and are responsible for the
extraordinary clinical heterogeneity; added to the inheritance
pattern, it can be autosomal recessive or dominant [5] (4LPL
gene mutations database). Clinical presentation can be corre-
lated with residual TNSALP activity and/or dominant-negative
effects, and for this reason, this disease is considered a contin-
uous spectrum. Six clinical forms are usually recognized based
on age at diagnosis and severity of features. Perinatal form is
seen in utero and is often lethal; however, there is a benign pre-
natal form when it shows a relatively benign postnatal course
with spontaneous improvement of bowing with a less severe
HPP phenotype [9]. As in case 1, he had an improvement of
mineralization and good response to enzymatic therapy. Infan-
tile HPP manifests before 6 months of age and patients ap-
pear normal until the onset of failure to thrive and rickets. The
cranial sutures are wide, reflecting hypomineralization of the
skull and rachitic deformity predisposes the infant to recurrent
respiratory infections. The estimated mortality rate is around
50% without treatment [7]. Childhood form is commonly char-
acterized by premature deciduous teeth loss, skeletal deformi-
ties, bone pain, short stature, delay in walking and/or impaired
gait; history of fractures is frequent. The adult form usually
presents in the middle age; the condition must be suspected in
patients with recurrent metatarsal fractures, femoral pseudo-
fractures, bone pain, pseudogout and chondrocalcinosis, and
they can have history of premature loss of deciduous teeth [3,
10]. Odontohypophosphatasia is characterized by premature
exfoliation of the primary teeth and severe dental caries. The
anterior deciduous teeth are more likely to be affected; they do
not have associated skeletal abnormalities [11, 12].

HPP is a panethnic and worldwide disease. In Canada,
the estimated prevalence of the severe form is approximately
1/100,000 and is particularly high in the Mennonite Canadian
population (1/2,500 and 1/25 might be carriers). In Europe, the
prevalence of the severe form is 1/300,000 and 2 - 3/1,000,000
in Japan and rare in African-Americans [12]. Moderate forms
of HPP are likely more frequent because heterozygotes may
be affected. The prevalence of milder forms is difficult to esti-
mate, being possibly as high as 1 in 6.370 [3, 5, 8].

We report seven patients with diagnosis of HPP with con-
firmed clinical, biochemical and molecular diagnosis. Four
different mutations were identified, and all of them were mis-
sense variants. The most common form of HPP in patients
was childhood HPP. All variants are included in ALPL gene
mutations database (http://www.sesep.uvsq.fi/03_hypo mu-
tations.php), in whom five had the same mutation 892G>A
(p.Glu298Lys) (four homozygous and one heterozygous state).
They presented mostly in the childhood form. This mutation
was reported by Orimo et al, in a compound heterozygous
state, in a Japanese infant girl who exhibited profound skeletal
hypomineralization and respiratory distress and died at age of
5 months and 27 days [13]. Case 1 was homozygous for this
variant and in contrast with the other patients with the same
genotype and who presented the juvenile form, he presented
suggestive in utero imaging changes and significant compro-
mise at birth and subsequent improvement in mineralization,
for which he was classified as a benign perinatal form. This
reinforces the variable expressivity described previously in
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this disease.

Cases 3 to 7 experienced a delay in diagnosis, although the
onset of their signs and symptoms was evident from childhood
and all patients had low serum ALP activity, and the clinical
manifestations were very broad.

Case 4 was heterozygous for variant ¢.334G>C
(p.Gly112Arg) and he had a childhood form. This variant had
been previously reported by Whyte et al, in a study of 173-pa-
tient cohort, with the objective of evaluating the extant nosol-
ogy for HPP in children. In contrast, patient had only dental
manifestations and he was classified as odontohypophosphata-
sia [14]. So far, we have not known more cases reported in the
literature to date for this variant.

Finally, case 2 was compound heterozygous for variants
¢.394G>A (p.Alal32Thr) and ¢.571G>A (p.Glul91Lys); both
variants have been individually reported in the literature but
have been associated with different phenotypes [15, 16].

The variant ¢.394G>A (p.Alal32Thr) has been related
to patients having adult onset HPP and odontohypophos-
phatasia combined with other mutations. Variant ¢.571G>A
(p.Glul91Lys) is a very common mutation reported in Europe-
an population with moderate HPP, and it was recently reported
in two Chinese patients with childhood HPP [17]. Tenorio et
al reported two patients with this variant, one compound het-
erozygous p.(Glul91Lys); (Asp378Gly) from Portugal with
infantile HPP and the other heterozygous for the variant from
Russian with adult HPP [12].

Case 7 has associated mild cognitive disability, which has
been observed in all types of HPP, including patients with or
without complications from hypoxic event secondary to respir-
atory problems, and this finding should be taken into account
when diagnosing and monitoring patients [18, 19].

Del Angel et al measured residual activity and dominant-
negative effect (DNE) for 155 ALPL variants by transient
transfection and TNSALP enzymatic activity measurement. In
this study, two of the four mutations found in our population
were evaluated. Variant p.Glu298Lys in exon 9 is located in a
calcium binding site, and it has not a DNE. /n vitro functional
studies showed a relative value of TNSALP enzymatic activity
in homozygous of 23.8% with respect to wild type (WT) [16].

Additionally, variant p.Glu191Lys in exon 6 is an unspeci-
fied location and it has not a DNE; the enzymatic activity in
homozygous was 21.4% compared with 58.7% in heterozy-
gous vs. WT [16].

In this article, we present different patients with HPP with
the objective of contributing to the understanding of this rare
disease and describing the Colombian population.

Learning points

It is important to highlight that despite the fact that the patients
presented symptoms from an early age and they had low or
limited values of low serum total ALP for age and gender, the
vast majority were diagnosed several years later, and it can be
due to limited awareness of HPP. The most frequent clinical
manifestations were short stature and dental compromise.

The variant 892G>A (p.Glu298Lys) was the most frequent
mutation in these populations in homozygous and heterozy-
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gous state, also presenting a high variability of phenotypes
since perinatal benign until childhood form, which is asso-
ciated with a wide spectrum in severity and presentation. It
results in a difficulty for predicting the severity and giving a
prognosis in patients with this variant or with novel mutations
in ALPL gene. Finally, this suggests other factors that influ-
ence phenotype such as: environmental, epigenetic and modi-
fier genes.

Currently, enzyme replacement therapy with asfotase alfa
(Strensiq™) is the only approved treatment for HPP. Asfotase
alfa can restore normal ALP levels and prevents or improves
skeletal manifestations and respiratory complications of HPP.
Five of the patients included in this report have received re-
combinant TNSALP replacement therapy, with an adequate
safety and tolerance profile, as well as clinical, radiological
improvement and an acceptable postoperative result.
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