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Polymorphic variants of alkaline phosphatase gene correlate
with clinical signs of adult hypophosphatasia?
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Abstract
Summary We analyzed polymorphism of the ALPL gene in patients with low serum levels of tissue-nonspecific alkaline
phosphatase (TNAP). The presence of three or more of the less frequent alleles of ALPL polymorphisms was associated with
significantly lower TNAP serum level and higher frequencies of metatarsal fractures, whichmay help confirm a clinical suspicion
of adult hypophosphatasia.
Introduction Alkaline phosphatases (ALPs) are membrane-bound enzymes that hydrolyze monophosphate esters at a high pH
(pH 8–10). Inorganic pyrophosphate, pyridoxal 5-phosphate, the activated form of vitamin B6 (PLP), and phosphoethanolamine
(PEA), are natural substrates of ALPs. Hypophosphatasia (HPP, OMIM 146300, 241500, 241510) is a heterogeneous rare
metabolic bone disease caused by loss-of-function mutations in the tissue-nonspecific alkaline phosphatase gene (ALPL; MIM
171760) with a deficiency of TNAP. Clinical presentation of HPP in adults demonstrated a wide range ofmanifestations, many of
which are nonspecific. In the present study, we screened the polymorphic genetic variants of ALPL in 56 subjects presenting low
serum levels of TNAP and/or other clinical signs of adult HPP in order to evaluate a possible role of polymorphic variants in the
diagnosis and management of HPP in adults.
Methods Genomic DNA was extracted from peripheral blood and ALPL gene was sequenced by PCR-based Sanger technique.
Results Fourteen different polymorphic variants were found in the study population. A lower serum level of TNAP and higher
frequencies of metatarsal fractures were observed in patients bearing three or more of the minor frequency alleles (MFAs) of the
ALPL polymorphic variants. The presence of some MFAs, mostly as a contemporary presence of three or more of them, was
found to be mainly represented in patients having both a significantly lower level of TNAP and a higher level of vitamin B6.
Conclusion The genetic analysis and presence of some polymorphic variants may be an instrument to confirm clinical and
biochemical data, consider adult HPP, and help clinicians be cautious in the administration of anti-reabsorption drugs.
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Introduction

Biomineralization, consisting in the deposition of hydroxyapa-
tite crystals in the extracellular matrix of hard tissues [1], is a
complex osteoblast-driven process, which requires appropriate

concentrations of extracellular calcium and phosphate.Alkaline
phosphatases (ALPs) are membrane-bound enzymes
that hydrolyze monophosphate esters at a high pH (pH 8–10),
releasing phosphate [2]. Human ALPs are classified into 4
types: tissue-nonspecific, intestinal, placenta, and germ cell.
The tissue-nonspecific type (TNAP) is the most commonly
expressed, accounting for approximately 95% of total serum
ALP activity [3]. It is expressed in the cell membrane of
many tissues, including liver, kidney, and hypertrophic
chondrocytes, osteoblasts, and odontoblasts [2–4]. It hydro-
lyzes inorganic pyrophosphate (PPi) and provides inorganic
phosphate (Pi) to promote mineralization. PPi, pyridoxal 5-
phosphate, the activated form of vitamin B6 (PLP), and
phosphoethanolamine (PEA) are all physiologic substrates of
TNAP [1].
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Hypophosphatasia (HPP, OMIM 146300, 241500,
241510) is a heterogeneous rare metabolic bone disease, with
a prevalence between 1/100,000 and 1/300,000 of severe
forms [5, 6], and a prevalence of moderate HPP, within the
European the population, estimated at 1/6370, suggesting that
the mild forms of the disease likely occur more frequently [6,
7].

HPP is caused by loss-of-function mutations in the tissue-
nonspecific alkaline phosphatase gene (ALPL: MIM 171760),
resulting in a reduced or absent TNAP activity and, subse-
quently, in increased levels of its substrates, such as PPi,
PLP, and PEA [3]. The development of clinical manifestations
is due to inactivating homozygous, heterozygous, or com-
pound heterozygous mutations of the ALPL gene, which can
either be dominant or recessive. The degree of loss of TNAP
activity is variable among patients affected, and it has been
associated with different mutations. Mutation analyses of HPP
subjects have identified over 200 mutations in the coding re-
gion of the ALPL gene, 80% of which are missense mutations
[8]. In addition, rare variants of the ALPL gene have been
associated with serum TNAP levels and BMD [9, 10], and
animal model studies have confirmed that substantial varia-
tions in TNAP expression and activity and in bone density and
strength are the result of polymorphisms in the ALPL gene
[10]. Polymorphisms of ALPL have been also associated with
variations in circulating levels of PLP [11].

Disease severity is highly variable, ranging from stillbirth
without mineralized bone to pathologic fractures developing
only in adulthood [8, 12]. The presentation of HPP in adults
has demonstrated a wide range of clinical manifestations,
many of which are nonspecific [7]. Due to the rarity of adult
HPP, and considering the lack of information regarding clin-
ical course, systemic manifestations, progression of disease,
and difficult specific diagnosis patterns, the correct and differ-
ential diagnosis of adult HPP is currently difficult, and the
disease is often misdiagnosed or not-diagnosed, and, subse-
quently, wrongly or not treated. The most common presenting
features include musculoskeletal pain and fractures, mild and
often overlapping symptoms of other rare or common meta-
bolic bone disorders [7]. In most cases, diagnosis of adult HPP
is made after a low serum ALP level is casually detected
during routine blood screening, or when tested after a direct
family member was diagnosed with the condition. In the ap-
propriate clinical setting, HPP can be diagnosed by the pres-
ence of a persistently low serum ALP and elevated ALP sub-
strates in blood (PLP or PEA) or in urine (PEA or PPi), al-
though urine PPi testing remains investigational [4, 13].

Bilateral femoral pseudo-fractures (Looser’s zones), occur-
ring laterally in the sub-trochanteric diaphysis, are a distinc-
tive sign of adult HPP [14]; their occurrence has been associ-
ated with the long-term amino-bisphosphonate (NBP) treat-
ment in HPP patients wrongly diagnosed with osteoporosis
[15]. Because NBPs are analogs of PPi, it has been speculated

that HPP patients may be sensitized to the effects of NBPs,
causing a higher prevalence of bisphosphonate-associated atyp-
ical sub-trochanteric femur fractures (ASFFs). Perhaps patients
misdiagnosed with osteoporosis, but with a genetic profile of
ALPL altering the normal expression and activity of TNAP, are
prone to develop these fractures from NBP treatment [15].

The genetic screening of the ALPL gene favors the differ-
ential diagnosis. The assessment of the effective role of poly-
morphic variants in regulation of TNAP activity, and thus in
the manifestation of adult and mild forms of HPP, is manda-
tory to improve the strength of the genetic differential diagno-
sis. A correct differential diagnosis between adult HPP and
osteoporosis is certainly necessary to choose the right therapy
and avoid damage due to incorrect pharmacological treatment.
An effective enzyme replacement therapy (Asfotase Alpha) is
now available and currently approved for treatment of perina-
tal, infantile and juvenile-onset HPP in the USA, the European
Union, Canada, and Japan.

Here, we screened the polymorphic variants of ALPL (as
single variants and/or haplotypes) in 56 subjects with low
serum levels of TNAP and/or clinical signs of adult HPP,
selected from a population of 12,000 subjects of the outpatient
of the Metabolic Bone Diseases Unit of Florence, and then
associated different genotypes with clinical manifestations of
adult HPP.

Materials and methods

Patients

The study was conducted according to the approval of the
Ethical Committee of the “Azienda Ospedaliero-
Universitaria Careggi.” Recruited patients were requested to
sign an informed consent form to participate into the genetic
study, and data collection is performed accordingly the
Declaration of Helsinki. All clinical and genetic data were
analyzed anonymously and published as aggregate data.

Patients were retrospectively selected for this genetic study
from 12,000 subjects who presented to the Outpatient Clinic
of the Metabolic Bone Disease Unit of “Azienda Ospedaliero-
Universitaria Careggi” from 2014 to 2019 for the evaluation
of bone and mineral metabolism in suspected osteoporosis.

Bone turnover markers, assessed by standard procedures,
were extracted from the medical records: serum calcium (Ca),
serum phosphate (Pi), 24-h urinary Ca and Pi, TNAP, bone-
specific alkaline phosphatase (BAP), parathyroid hormone
(PTH), vitamin D (25-hydroxy-vitamin D), and urinary
pyridinoline.

After reviewing all the medical records, we selected 56
unrelated individuals who presented low serum levels of
TNAP (the normal reference value of our hospital laboratory
was 50–126 IU/L; patients presenting two or more
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measurements of TNAP less than 50 IU/L were selected for
the study) and/or history of clinical signs of adult HPP.

In detail, the following data concerning clinical signs of
adult HPPwere retrieved from the medical records: (1) history
of low-trauma fractures [classified as metatarsal fractures,
spine fractures, classical femur fractures, “atypical” femur
fractures (hip or subtrochanteric localization), wrist fractures
and other fractures (fractures in other bone sites)]; (2) history
of non-healing bone fractures; (3) premature tooth loss and/or
periodontal diseases; (4) presence of chondrocalcinosis; (5)
presence of nephrocalcinosis; and (6) presence of fatigue with
chronic musculoskeletal pain.

Following the report of persistent bone pain, foot, rib, and
spine fractures were ascertained by X-ray evaluation, follow-
ed by a visit to the patient’s general practitioner or to our
academic hospital. Conversely, femur, wrist, tibia, and humer-
us fractures were prevalently assessed by X-ray evaluation at
emergency rooms.

A detailed medical history obtained from the patients in-
cluded the evaluation of dietary phosphate and calcium intake
assessed by a validated food questionnaire [16].

The evaluation of serum vitamin B6 was performed in all
the 56 patients as marker of reduced TNAP activity, dosed by
HPLC method and expressed as μg/L (normal value 3.6–18
μg/L).

A population of 36 individuals with normal TNAP serum
levels and no clinical signs of suspected adult HPP was used
as control for the distribution of frequencies of the less
expressed alleles of ALPL polymorphic variants.

Genetic analysis

Genomic DNA was extracted from peripheral blood collected
from patients using the microvolume extraction method
QIAamp DNA Mini Kit (Qiagen GmbH, Hilden, Germany),
according to the manufacturer’s instructions. The primer se-
quences utilized were described by Mornet et al. [17] and are
designed to cover all the coding regions of the ALPL gene and
include the flanking intronic regions containing all the de-
scribed ALPL polymorphisms. Each PCR reaction was per-
formed in a final volume of 30 μL with approximately 30
pmol of each primer, 250 μM each of dATP, dCTP, dGTP
and dTTP, 1 unit of Gold Taq DNA polymerase (Perkin-
Elmer, Foster City, CA, USA), and 1–3 mMMgCl2, depend-
ing on the exon amplified. Reactions were heated at 94 °C for
1 min and subjected to 30 cycles of 1 min at 94 °C, 30 s at the
annealing temperature (60–66 °C) and 40 s at 72 °C, and
another final cycle at 72 °C per 7 min [17].

PCR products were checked by electrophoresis on a 2%
agarose gel and purified, using DNA Gel Extraction Kit
(QIAGEN). Approximately 100 ng of each PCR amplicon
were directly sequenced using the Sanger-based BigDye
Terminator Purification Kit 1.1 (Applied Biosystems, Foster

City, CA, USA) and analyzed on the ABI Prism 3130 Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA). The
amplified DNA fragments, containing the ALPL polymor-
phisms, were sequenced for both the forward and reverse
primers, to increase the strength of sequencing analysis in
identifying the polymorphic variants. The obtained sequences
were compared to wild type reference sequence of the ALPL
gene published on GenBank Database (NC_000001) and
NCBI reference sequence NG_008940.1.

Statistical analysis

Differences in allele frequencies between study and control
populations were analyzed by chi-square test with Yates’
correction.

Anova and Bonferroni post hoc tests were used to compare
categorical with continuous variable. Kruskal-Wallis test was
used to compare categorical variable with more than three
continuous variables.

Spearman’s rank-order correlation coefficient (Sperman’s
rho) was used to correlate the concentration of serum TNAP
and vitamin B6.

Pearson’s χ2 and Fisher’s exact tests were used as a mea-
sure of association between the characteristics of the samples.

For all the performed statistical tests, a nominal value of
significance equal to 0.05 was assumed. A correction for mul-
tiple comparisons was applied to set up the level statistical
significance with a p-value equal or less to 0.002.

Assuming a nominal alpha value of .05, with a sample of
56 patients, the following analyses are able to detect a large
effect size (w = .5 and f = .45) with a power of .80.

Results

Our study population consisted of 56 unrelated subjects (40
women with a median age of 45.04 years and 16 men with a
median age of 56.6 years; median age of the total population
was 45.04 ± 16.80 years) presenting a low serum level of
TNAP and a personal history of clinical signs of suspected
adult HPP.

Out of the 56 patients, 21 showed a history of non-healing
fractures (37.5%), 20 manifested musculoskeletal pain
(35.7%), 6 reported premature tooth loss (10.7%), and 10
periodontal diseases (17.9%). Nephrocalcinosis was reported
in 3 patients (5.4%). No cases of chondrocalcinosis were re-
ported in our patients.

Of the total population, 40 patients had a personal history of
fragility fractures (12males and 28 females), as detailed in Fig. 1.

We reported, in our patients, the presence of fourteen dif-
ferent polymorphic variants of the ALPL gene, all previously
described in the literature [18–22]. No ALPL gene mutation
was found in our cases. Forty-six patients of 56 (82.1%) were
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carriers of at least one of the minor frequency alleles (MFA) of
ALPL polymorphic variants. No MFAs were found in 10 pa-
tients (17.9%) for any of the ALPL polymorphic variants.
Identified polymorphisms and the distribution of frequencies
of their MFAs in our population, in the control population,
and in previously published studies, are shown in Table 1.

Statistical comparison, by chi-squared test with Yates’ cor-
rection, of MFA frequencies between the study population
and the control group showed no significant differences for
all the ALPL polymorphic variants.

The MFAs of the variants IVS5 c.472+12delG, IVS8
c.862+20G>T, IVS8 c.862+51G>A, IVS8 c.862+58C>T,
were the most represented in our population (20/56; frequency
0.35), followed by IVS7 c.793-31C>T (17/56; frequency
0.30), Ex.7 c.787T>C (13/56; frequency 0.23), Ex.9
c.876A>G and Ex.12 c.1565T>C (7/56; frequency 0.1),
Ex.4 c.455G>A, IVS8 c.863-7T>C and IVS8 c.863-12C>G
(4/56; frequency 0.07), Ex.5 c.330C>T (3/56; frequency
0.05), Ex.12 c.1542T>G (2/56; frequency 0.03), and finally
IVS10 c.1189+19G>T (1/56; frequency 0.02).

On the basis of the number ofMFAs of the ALPL polymor-
phic variants found in each patient, we divided the study pop-
ulation into four different groups, in order to reduce the dis-
persion of the data: (1) group 1: patients without MFA of the
ALPL gene polymorphic variants; (2) group 2: patients with
one MFA of the ALPL polymorphic variants; (3) group 3:
patients with two MFAs of the ALPL polymorphic variants,
and (4) group 4: patients with three or more MFAs of the
ALPL polymorphic variants.

Table 2 shows the distribution of individuals in the four
groups.

Looking at the distribution of the total fractures in the 4
groups, we cannot observe any statistically significant differ-
ence (Pearson’s χ2 test 2.07; df 3; p = 0.556). However, we
can observe a trend characterized by higher frequency of fra-
gility fractures in patients of group 4 [12 fractured patients

(85.7%) and 2 non-fractured patients (14.3%)]. Table 3 shows
the distribution of total and metatarsal fractures among the 4
groups and percentages of fractures “intra-group” (compari-
son between patients with or without fractures within a single
group) and “intra-fractures” (percentages of patients with or
without fractures within total population). Patients with ≥ 3
MFAs (group 4) had a statistically higher frequency of meta-
tarsal fractures, with respect to patients carrying only one or two
MFAs and patients without any MFA. Indeed, 9 (64.3% intra-
fractures) of the total 13 patients with history of metatarsal
fractures carried ≥3 MFAs (Pearson χ2 15.48; df 3; p = 0.001).

Gender distribution of HPP-related clinical signs investi-
gated in our patients with persistent low TNAP is shown in
Fig. 2. No statistically significant differences were observed
between the 4 groups. Regarding the “history of tooth loss”
variable, we observed, by applying the Pearson’s χ2 test, that
this manifestation was not referred in the majority of the study
population, and that, when the clinical sign was present, it was
reported only by females (Pearson’s χ2 test 3.83; df = 1; p =
0.05) (Fig. 2A). Regarding the musculoskeletal pain variable,
by applying the Pearson’s χ2 test, we observed that this mani-
festation was significantly more represented in males (64.5%
intra-sex) than in females; 80% of women did not refer muscu-
loskeletal pain (Pearson’s χ2 test 11.5; df 1; p = 0.03) (Fig. 2B).

Analyzing the distribution of MFAs of ALPL polymorphic
variants, we observed a statistically significant difference in
the distribution of some of them between the four groups of
patients.

Indeed, the C allele of the Ex.7 c.787 T>C polymorphism
was present in 13 of a total 46 patients included in groups 2/3
and 4. We observed that 11 patients, carrying this variant,
were in group 4, and only 2 in group 2/3. (Pearson χ2 25.12;
df 1; p = 0.001).

For the variants IVS8 c.862+20G>T, IVS8 c.862+51G>A,
and IVS8 c.862+58C>T, we observed that, in the group 4, 12
patients carried the MFAs of these 3 polymorphisms and the 3

Fig. 1 Distribution of fragility fractures in our population
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variants were always present together, suggesting a possible
linkage disequilibrium (Pearson χ2 29.07; df 3; p = 0.001).

Finally, we observed that of a total 10 patients carried the G
allele of the Ex.9 c.876A>G variant, 9 were in group 4
(Pearson χ2: 21.4; df 1; p = 0.001).

Distribution of the MFAs of these polymorphisms in
groups 2+3 and group 4 is reported in Table 4 (intra-group
percentage indicates the percentage of differences inside of a
single group; intra-polymorphic percentage indicates the per-
centage of patients with or without the MFA of a polymorphic
variant within the total population).

Applying Pearson’s χ2 test, we did not find statistically
significant differences in the frequency of fractures and other
clinical signs in patients carrying or not any of these polymor-
phic variants (data not shown).

The ANOVA analysis was applied to evaluate the correla-
tion between bone biomarkers and polymorphic variants. We
did not observe any statistically significant differences among
the 4 groups regarding the levels of serum Ca, Pi, 24-h urine
Ca and Pi, BAP, PTH, 25-OH vitamin D and urinary
pyridinoline. However, we did observe a trend characterized
by a lower level of BAP in group 4 in comparison with the
other three groups (ANOVA and Bonferroni post hoc test: p =
0.08). Table 5 summarizes the distribution of biochemical
parameters among the four genetic groups.

Regarding TNAP, we observed a statistically significant
higher serum level in patients without any MFA of ALPL
polymorphisms (50.6 ± 19 IU/L), patients with one MFA
(45.7 ± 2.1 IU/L), and patients with 2 MFAs (41 ± 2.3 IU/
L), all with respect to patients with ≥ 3 MFAs (25.4 ± 2.1 IU/
L) (ANOVA and Bonferroni post hoc test: p = 0.001) (Fig.
3a). Conversely, we observed that vitamin B6 was

Table 2 Distribution of the 56 patients according to number of MFAs
of ALPL polymorphic variants

Number of MFAs of ALPL polymorphic
variants

Group Number of
patients

None 1 10

1 2 19

2 3 13

≥ 3 4 14

Table 3 Distribution of total and
metatarsal fractures with respect
to number of MFAs of ALPL
polymorphisms

Number of MAFs of ALPL polymorphic variants

(group)

Total patients Total fractures Metatarsal fractures

No Yes No Yes

No MFA (1)

Subjects 10 3 7 9 1

% intra-group 30% 70% 90% 10%

% intra-fractures 18.8% 17.5% 20.9% 7.7 %

1 MFA (2)

Subjects 19 7 12 17 2

% intra-group 36.8% 63.2% 89.5% 10.5%

% intra-fractures 43.8% 30% 39.5% 15.4%

2 MFAs (3)

Subjects 13 4 9 11 2

% intra-group 30.8% 69.2% 84.6% 15.4%

% intra-fractures 25% 22.5% 25.6% 15.4%

≥ 3 MFAs (4)

Subjects 14 2 12 5 9

% intra-group 14.3% 85.7% 35.7% 64.3%

% intra-fractures 12.5% 30% 11.9% 64.3%

Total 56 16 40 42 14

No statistically significant differences were found between the four groups of patients. Both the “intra-group” and
“intra-fracture” percentages are indicated within parenthesis for each group. A trend characterized by a higher
percent of history of fragility fractures was observed in group 4 (85.7% vs. 14.3%). Pearson’s χ2 test 2.02; df 3; p
= 0.567

Subjects with ≥ 3 polymorphic variants (group 4) showed a significantly higher frequency of metatarsal fractures
in comparison with patients bearing only 2 (group 3) or 1 (group 2) MFAs and patients without any MFA (group
1). Pearson χ2 15.48; df 3; p = 0.001). In particular, 9 subjects of the total 13 patients with history of metatarsal
fractures were in group 4
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significantly lower in patients without any MFA or with one
MFA with respect to patients with ≥ 3 MFAs (ANOVA and
Bonferroni post hoc test: p = 0.01 for group 1 vs. 4 and p =
0.005 for group 2 vs. 4) (Fig. 3b). To confirm these data, we
applied the Pearson’s correlation test, which showed a signif-
icant reverse correlation between serum TNAP and B6 (p =
0.001; r = − 0.452) (Fig. 3c).

To evaluate the correlation between the most represented
polymorphic variants in group 4 and main HPP-related bio-
chemical parameters, we applied the Kruskal–Wallis analysis,
which showed a statistically significant difference between
patients carrying one MFA of these polymorphic variants
and patient non-carrying any MFA of these variants for all

serum levels of TNAP, vitamin B6 and 25(OH) vitamin D.
In particular, TNAP and 25(OH) vitamin D were lower and
vitamin B6 was higher in patients carrying at least oneMFA of
these variants in comparison with individuals without them
(Kruskal–Wallis analysis p = 0.002, 0.05, and 0.024, respec-
tively) (Fig. 3d).

Discussion

Mineralization of hard tissues is a fundamental process, and
alteration of its normal development leads to severe disorders.
HPP is a heritable disorder characterized by defective bone

Fig. 2 HPP-related clinical signs in our population. Main table on the left
summarizes all the HPP-related clinical signs investigated in our patients
with persistent low TNAP. (A and B) On the right, report significant
gender differences in two of the main clinical signs of adult HPP. (A)

“History of tooth loss” was present only in females (Pearson’s χ2 test
3.83; df = 1; p = 0.05). (B) Musculoskeletal pain was significantly more
present in men (Pearson’s χ2 test 8.90; df 1; p = 0.03)

Table 4 Distribution of MFAs of the most frequent ALPL polymorphisms between different groups of patients

Distribution of MFAs of ALPL polymorphisms Ex7 c.787 T>C
(Y263H) polymor-
phism

IVS8 c.862+20G>T,
IVS8 c.862+51G>A and
IVS8 c.862+58 C>T
haplotype

Ex9 c.876A>G
polymorphism

IVS7 793-31 C>T
polymorphism

Groups 2+3 Group 4 Groups 2+3 Group 4 Groups 2+3 Group 4 Groups 2+3 Group 4

No (no. patients)
Intra-polymorphic percentage
Intra-group percentage

28
65.1%
87.5%

5
11.6%
35.7%

23
63.9%
71.9%

3
8.3%
21.4%

31
63.3%
96.9%

8
16.3%
57.1%

23
69.7%
71.9%

6
18.2%
42.9%

Yes (no. patients)
Intra-polymorphic percentage
Intra-group percentage

4
30.8%
12.5%

9
69.2%
64.3%

9
45%
28.1%

11
55%
78.6%

1
14.3%
3.1%

6
85.7%
42.9%

9
52.9%
28.1%

8
47.1%
57.1%
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and teeth mineralization and a deficiency of TNAP. Despite a
continuum of severity, six clinical forms are currently recog-
nized, depending on the age at diagnosis and the severity of
the symptoms [6], but the presentation of HPP in adults has
demonstrated a wide range of clinical manifestations, many of
which are nonspecific [7]. In the present study, we evaluated
the genetic pattern of the ALPL gene in a population of 56
subjects with low levels of serum TNAP, measured out before
any treatment for osteoporosis, and retrospectively selected
from a large cohort of 12,000 individuals referred to our hos-
pital clinic for suspected osteoporosis. A similar retrospective
genetic study has recently been performed by Alonso et al.
[24] who screened for ALPL mutation patients with low ALP
serum level selected from a large cohort of patients referred to
a clinic referral center for bone diseases over a period of ten
years. Their study identified 0.49% of individuals with low
levels of ALP and found an ALPL mutation in 10/16 (62.5%)
of them. Moreover, they identified the presence of the
c.455G>A polymorphism in exon 5, affecting a residue in-
volved in odonto-HPP, in 4/16 (25%) patients. Unlike this
study, we failed to find any ALPL mutation in our cohort of
patients with low serum level of TNAP. In our study, only 4/
56 (7.1%) of patients bear the A allele of the c.455G>A poly-
morphic variant, only one of them presenting a history of
periodontal diseases.

We observed a high variability in the expression of ALPL
polymorphic variants, with patients ranging from bearing no
MFA of ALPL polymorphisms to carrying one or moreMFAs
of different polymorphic variants. No significant difference of
MFA distribution was found for any ALPL polymorphism
with respect to a control population with normal levels of
serum ALP. Our study population has been divided into four
genetic groups on the basis of number of MFAs of ALPL
polymorphic variants. No statistical differences were observed
in the frequency of fractures and other clinical signs between

the groups. However, in patients with ≥ 3 MFAs we observed
a statistically higher incidence ofmetatarsal fractures, a typical
clinical sign of HPP.

The most frequentMFAs present in our patients were those
of, in order of frequency, Ex.7 c.787T>C (Y263H), IVS7 793-
31 C>T, IVS8 c.862+20G>T, IVS8 c.862+51G>A, IVS8
c.862+58C>T, and Ex.9 c.876A>G polymorphisms (Fig. 1).
Frequency of MFAs of ALPL polymorphisms in our study
population did not significantly differ from those indicated
in the Tissue Nonspecific Alkaline Phosphatase Gene
Mutations Database (http://www.sesep.uvsq.fr/03_hypo_
polymorphismes.php), for seven polymorphic variants. pt?
>A higher MFA frequency was found in our population for
the IVS5 c.472+12delG, IVS8 862+20G>T, and IVS8 c.862+
58C>T variants, in comparison with the data published by
Mornet et al. (0.35 vs. 0.07, 0.35 vs 0.07, and 0.35 vs 0.12,
respectively) [19]. In contrast, a lower frequency was found
for the G allele of the Ex.9 c.876A>G variant (0.1 vs. 0.47).
Finally, the C allele of the Ex.12 c.1565T>C variant was
lower in our population in comparison with the frequency
found by Greenberg et al. 1993 (0.1 vs. 0.26) [20] and more
near to the frequency observed by Mornet et al. in the French
population (0.06) [19].

In the literature, the C allele of the Ex.7 c.787T>C variant
has been described to be frequent in the North American pop-
ulation [21]. Henthorn et al. [21] showed that that the frequen-
cies of this Ex.7 c.787T>C allele do not differ significantly
between normal and HPP-affected populations, being 0.33
and 0.43, respectively. In our study population, we found a
lower frequency in comparison with the data in the literature
with the main expression of this variant in patients with ≥3
MFAs. Two studies of postmenopausal women in Japan have
demonstrated that there was a significant difference in bone
mineral density (BMD) among Ex.7 c.787T>C genotypes
(lowest in c.787T homozygotes, highest in the c.787C

Table 5 Biochemical parameters
of bone turnover among the four
ALPL genetic groups

Biochemical parameters Group 1 Group 2 Group 3 Group 4 Reference
normal values

Serum Ca (mg/dL) 9.5 ± 0.13 9.1 ± 0.5 9.2 ± 0.11 8.5 ± 2.3 8.2–10.7

Serum Pi (mg/dL) 3.9 ± 0.5 3.8 ± 0.5 3.75 ± 0.6 3.72 ± 0.45 2.5–4.8

Urinary Ca (mg/24h) 239 ± 140 163 ± 110 168 ± 90 220 ± 111 100–300

Urinary Pi (mg/24h) 527 ± 162 567 ± 130 625 ± 194 683 ± 233 400–1000

PTH (pg/mL) 5 ± 1.5 5.1 ± 1.4 4.8 ± 1 5.2 ± 1.9 4–72

25(OH)D3 (ng/ml) 34.6 ± 20 27.1 ± 9.8 20.8 ± 11.7 25.4 ± 13.4 8–80

Pyridinoline (μmol/mol Cr.) 9.1 ± 3.8 6.8 ± 1.3 5.5 ± 2.5 8.3 ± 4.3 2–8

TNAP (IU/L) 50.6 ± 19.0 45.7 ± 2.1 41 ± 2.3 26.3 ± 10.1 50–126

BAP (μg/L) 10.1 ± 5.2 8.9 ± 2.9 7.4 ± 3.3 7 ± 3.4 Adults: 14–22

Vitamin B6 (mcg/L) 18,8 ± 1.05 19.2 ± 0.6 20.3 ± 0.9 24.5 ± 0.6 3.6–18

Subjects with ≥ 3MFAs (group 4) showed a significantly lower serum level of TNAP in comparison with patients
bearing only 2 (group 3) or 1 (group 2) MFAs and patients without anyMFA (group 1) (ANOVA and Bonferroni
post hoc tests: p < 0.01)
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homozygotes, and intermediate among heterozygotes) [25,
26]. Moreover, they studied the effect of different Ex.7
c.787T>C genotypes in the expression of the ALPL gene by
transfection of opposite Ex.7 c.787T>C alleles, respectively in
ST2 mouse marrow stromal cell line and COS-1 monkey
fibroblast-like cell line [25, 26]. The polymorphic 787T>C
nucleotide change causes an amino acid substitution of a ty-
rosine with a histidine at position 263 in TNAP enzyme
(Y263H). Both these studies demonstrated that expression of
TNAP protein was not modified by the presence of 787T or
787C allele, and 263H protein had ALP-specific activity sim-
ilar to that of 263Y enzyme. However, the measure of TNAP
affinity for its substrates (Km value) resulted to be significant-
ly decreased in cells transfected with 787C allele (263H) com-
pared to those bearing the 787T genotype (263Y), suggesting
that the significant difference in Km may contribute to regu-
latory effects on bone metabolism.

Regarding the IVS8-c862+58C>T and IVS8-c862+20C>T
variants, Mornet et al. [20] observed that their MFA

frequencies were 0.12 and 0.07, respectively. In our popula-
tion frequencies of MFAs of these two polymorphic variants,
both were higher (0.25 and 0.21, respectively) and statistically
more represented in group 4. The frequency of the T allele of
the IVS8-c862+51C>T variant is not available in literature.

Interesting, MFAs of these variants were mainly present in
group 4, all three presented together in our patients and in
linkage disequilibrium also with the C allele of the Ex.7
c.787T>C variant.

Taillandier et al. [12] analyzed the ALPL gene in patients
with severe HPP and described the IVS8 c.862+5G>A muta-
tion, affecting the splice donor site of exon 8. This mutation
was the third most common of 32 different described splicing
mutations in the ALPL gene. Since IVS8-c862+20G>T, IVS8
c.862+51G>A, and IVS8 c.862+58C>T polymorphisms are
all closed to splicing mutation described by Taillandier et al.
[12], it is plausible to speculate that this region in the intron 8
of the genemay be a “hot spot”, and that polymorphic variants

Fig. 3 Correlation between ALPL genotypes and serum level of TNAP,
vitamin B6 in the study population. a Serum TNAP was statistically
significantly higher in patients without polymorphisms (50.6 ± 19 IU/L;
normal value 50–126 IU/L), patients with 1 polymorphism (45.7 ± 2.1
IU/L), and patients with 2 polymorphisms (41 ± 2.3 IU/L), all with re-
spect to patients with ≥ 3 polymorphic variants (25.4 ± 2.1 IU/L)
(ANOVA and Bonferroni post hoc test: p = 0.001). b Serum vitamin
B6 was statistically significantly lower in patients without any

polymorphism or with only one polymorphism with respect to patients
with ≥ 3 polymorphic variants (ANOVA andBonferroni post hoc test: p =
0.01 for groups 1 vs. 4 and p = 0.005 for groups 2 vs. 4). c Reverse
correlation between serum level of TNAP and vitamin B6 in the study
population. d Correlation between the most frequent polymorphic vari-
ants (Ex7 c.787T>C; IVS7 793-31 C>T; Ex9 c.876A>G and the haplo-
type IVS8 c.862+20G>T, IVS8 c.862+51G>A, and IVS8 c.862+58C>T)
in the group 4 and HPP-related biochemical parameters
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in this region could have a functional role in influencing the
activity of the enzyme.

Fauvert et al. [22] described a specific multipolymorphic
haplotype in the ALPL gene (named haplotype E), defined by
the allelic combination Ex.7 c.787C, IVS7 c.793-31C, IVS8
c.862+20T, IVS8 c.862+51A, IVS8 c.862+58T, IVS8 c.863-
7C, IVS8 c.863-12G, and Ex.9 c.876G, three times more fre-
quently in patients bearing an ALPL mutation (p = 1.4 10−3).
Authors suggested a linkage disequilibrium between haplo-
type E and an undetected mutation in a subset of the popula-
tion carrying this haplotype, indicating the presence of this
specific haplotype as potential pathogenic for HPP. In addi-
tion, authors analyzed, by using semi-quantitative RT-PCR,
the expression of the ALPL gene in cultured cells from 18
unrelated persons from the general population, 9 of them car-
rying the haplotype E and 9 carrying other haplotypes; no
difference regarding both splicing regulation and RNA quan-
tity was found between different haplotypes. However, it re-
mains possible that these polymorphisms have an impact on
the ALP activity itself [22]. In our population, we investigated
a possible role of these polymorphic variants in the activity of
TNAP by associating them with HPP- and bone turnover-
related clinical and biochemical characteristics; no significant
difference was found in the history of fractures and/or other
clinical signs in patients bearing a MFA of one of these poly-
morphic variants in comparison with other patients. However,
the serum levels of TNAP, vitamin B6 and 25 (OH) vitamin D
were all significantly different in patients bearing a MFA of
one of these polymorphic variants with respect to all the other
patients. In particular, serum TNAP and vitamin B6 were,
respectively, lower and higher with respect to subjects non-
carrying any MFA of these ALPL genetic variants.

We could speculate that the modification of Km due to the
Ex.7 c.787C allele and/or the possible alteration of the splic-
ing due to variations in IVS8 may have a functional role in
reducing the activity of the TNAP enzyme, which could be
low enough to cause substrate accumulation with the devel-
opment of mild HPP forms. In this light, the biochemical
finding of a low level of serum TNAP and, contemporarily,
an increased level of vitamin B6, should alert clinicians to
carefully evaluate the clinical history of patients regarding
signs and symptoms typically associated with adult HPP.
Regarding vitamin D, it has been speculated that vitamin D
deficiency rickets may complicate musculoskeletal health and
bone mineralization in children [27]. However, low levels of
vitamin D have not been correlated withALPL genemutations
in the literature. So far, it is not possible to explain the results
found in our study, which may represent a random association
and need to be verified on a larger sample. Indeed, this is just a
pilot study, evaluating only a small number of patients, cer-
tainly not enough to allow us promote a personalized thera-
peutic strategy of patients based on the ALPL polymorphic
genotype. Data found in our population need to be expanded

to a larger population, including the genetic screening of fam-
ily members, in order to confirm results, to better study the
correlation between the presence of multiple ALPLMAFs and
response outcomes to anti-reabsorption therapies, and to better
understand how the genetic data could be transferred to clin-
ical practice. As in the study of Alonso et al. [24], we found no
association of ALPLMAFs with fractures, neither did we find
evidence of a different response to treatment with
bisphosphonates or other anti-reabsorption drugs between in-
dividuals bearing or not multiple ALPL MAFs.

In addition, although all ALPL polymorphic variants are
singularly referred to as “benign” in the ClinVar database
and none have been directly associated with the development
of adult HPP, the presence of multiple MFAs of these poly-
morphic variants may be an instrument to suspect adult HPP,
confirm the clinical and biochemical data, and caution clini-
cians regarding the administration of anti-reabsorption drugs.
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