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Abstract A total of 22 Japanese patients with hypo-
phosphatasia were included in a study analysing the
relationship between mutations in the tissue-nonspecific
alkaline phosphatase (TNSALP) gene and the severity
of the phenotype in Japanese patients with hypophos-
phatasia. The enzymatic activity of some of the identi-
fied mutant TNSALP proteins was also examined using
corresponding expression vectors. Eighteen mutations,
including 6 novel ones, were identified in the patients.
Among them, the common mutations were F310L and
T1559del. Of note, five patients with F310L mutation in
one of the alleles exhibited a relatively mild phenotype
without respiratory complications despite its perinatal
onset. In contrast, the T1559del mutation is associated
with perinatal lethal and infantile forms when not found
in patients with the F310L mutation. The genotype-
phenotype relationship was, to some extent, consistent
with the enzymatic activity of the mutant ALP proteins;
mutations K207E and G409C found in a surviving case
of infantile hypophosphatasia, as well as F310L,
retained some residual activities, whereas T1559del
caused a complete loss of activity. Conclusion: In
Japanese patients, the common mutations F310L and
T1559del are associated with the relatively mild and
lethal forms of hypophosphatasia, respectively. Our re-
sults may enhance the importance of genotyping patients
with hypophosphatasia to predict their prognosis.
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Introduction

Hypophosphatasia (OMIM 146300, 241500 and
241510) is characterised by hypomineralisation of bone
associated with the impaired activity of tissue-nonspe-
cific alkaline phosphatase (TNSALP). Hypophospha-
tasia has diverse phenotypes and is usually classified
into five subtypes based on the age of onset and clinical
features; perinatal, infantile, childhood and adult type,
and odontohypophosphatasia [24]. The severity of the
disease is generally well correlated with the onset of the
disease, except for odontohypophosphatasia where only
the teeth are affected. Patients with the perinatal form
of hypophosphatasia almost always die around birth
due to impaired development of the lungs and the se-
vere hypomineralisation of their bones [19]. However,
the classification of these subgroups is not definite and
there is diversity in the phenotype creating a so-called
spectrum. For example, we have previously reported a
patient who achieved long-term survival without
respiratory failure despite fetal onset [17]. The presence
of such a case may depend on the development of a
diagnosis procedure or on the specificity of the geno-
type. Elucidation of the molecular heterogeneity
underlying hypophosphatasia may contribute to our
understanding of the clinical heterogeneity observed
and the improvement of treatment, especially in pa-
tients with severe forms of the disease. The perinatal
form is called a lethal form and the second most severe
form, the infantile form, is still associated with high
mortality because of the impairment of respiratory
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function and hypercalcaemia [2, 9]. To date, more than
100 mutations have been reported in the TNSALP
gene in patients with hypophosphatasia, mainly in
Caucasians and Asians (Japanese) [11, 12, 15, 20, 21];
however, the mutations are scattered throughout the
whole coding region and only a few have been recog-
nised to occur frequently in the gene. Moreover,
although the relationship between the clinical features
and the mutation of the corresponding gene has also
been analysed, only a few reports detected the positive
correlation between the mutations and severity [4, 6].
The mutations responsible for mild hypophosphatasia
may not cause a complete loss of TNSALP function,
suggested by several reconstruction experiments in
which mutated TNSALP activity was examined [26].
On the other hand, mutations found in the severe form
of the disease do not tend to be associated with re-
stricted positions, although the three-dimensional
model study showed that most of the severe missense
mutations were localised in crucial domains such as the
active site [26].

Although hypophosphatasia is usually inherited in an
autosomal recessive manner, autosomal dominant
inheritance is also recognised in some families with the
mild form of the disease. Interestingly, the mutations in
those families have been reported to show the dominant
negative effect on the wild-type TNSALP activity, as one
of the remarkable results of the recent progress in
molecular biology [7, 13].

In the present report, we describe 22 Japanese pa-
tients with various types of hypophosphatasia, whose
TNSALP genes were analysed. The enzymatic activity of
the mutant TNSALP proteins was also investigated with
reconstruction experiments. The results suggest some
correlation between genotype and phenotype in Japa-
nese patients with hypophosphatasia.

Subjects and methods

Subjects

A total of 22 unrelated Japanese patients with hypo-
phosphatasia were included in the study after informed
consent was obtained.

Sequence analysis of the tissue-nonspecific alkaline
phosphatase gene

Sequencing of the TNSALP gene was performed fol-
lowing the extraction of genomic DNA from peripheral
mononuclear cells of the patients. In some patients,
DNA from the parents was also analysed. The primers
described in the previous report were utilized for the
PCR [3, 23]. In some cases, total RNA was also ex-
tracted from peripheral mononuclear cells and served as
the template for reverse transcription (RT)-PCR using
random hexamer and reverse polymerase (Super Script

II; Invitrogen, Carlsbad, Calif.). The fragments ampli-
fied by PCR or RT-PCR were sequenced directly or after
cloning into pT7-Blue vector (Novagen, Madison, Wi.)
using a Model 377 sequencer (Perkin-Elmer, Norwalk,
Conn.). The nucleotide and amino acid numbers are
designated according to the Nomenclature Working
Group [1].

Mutagenesis and reconstruction experiments

The human TNSALP expression vector (pSV2Aalp)
was generously provided by Dr. P.S. Henthorn [5].
TNSALP cDNAs carrying the following mutations
were generated by PCR-mediated mutagenesis or the
Kunkel method following the manufacturer’s protocol
(Gene Editor; Promega); T1559del, F310L, F311L,
F311del, K207E, L282P and G409C. The wild-type and
mutated TNSALP cDNAs were then cloned into
pcDNA3.0 vector (Invitrogen). The expression vectors
of the wild-type and mutated TNSALP were intro-
duced into COS-7 cells using the FuGENETM6 Re-
agent (Roche) and the activity of TNSALP was
measured by the Lowry method using p-nitrophenyl-
phosphate as a substrate 2 days after the transfection
[8]. The expression of each plasmid containing wild-
type or mutant cDNA of TNSALP was confirmed by
RT-PCR analysis using RNA samples obtained from
the identical transfectants.

Results

Clinical forms and genotypes of patients

The patients with hypophosphatasia subjected to the
mutation analysis of the TNSALP gene are summar-
ised in Table 1 with respect to sex, age at the time of
analysis, clinical forms, amino acid changes, serum
levels of TNSALP at diagnosis and the outcome.
Table 2 contains the changes of nucleotides and amino
acids in mutations found in the study. In our study,
numbers of male and female patients were 18 and four
respectively, although hypophosphatasia is an autoso-
mal trait. Classification of the patients into corre-
sponding clinical forms was performed based on the
onset of the disease and the severity of the clinical
features including bone abnormalities and respiratory
problems. Interestingly, six patients (numbers 1–6 in
Table 1) have survived and had relatively high serum
TNSALP levels for hypophosphatasia (>50 IU/l) de-
spite the perinatal onset of the disease. In contrast, ten
patients (numbers 7–16) were classified as the classical
perinatal form; nine of them died and the remaining
one is currently on mechanical ventilation with very
low levels of TNSALP (<30 IU/l). Three patients
(numbers 17–19) were diagnosed with infantile hypo-
phosphatasia. All of these three patients were diag-
nosed before 6 months of age based on their severe
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bony hypomineralisation and hypercalcaemia. Two of
them died from respiratory failure or sudden death
before they reached 1 year of age. Three patients
(numbers 20–22) were diagnosed with childhood hyp-
ophosphatasia and are still alive.

The mutation analyses revealed 40 alleles with
missense mutations or deletion of a nucleotide, al-
though we were not able to find mutations in the
remaining four alleles. Two of the most frequent
mutations, Phe to Leu conversion at codon 310
(F310L) and deletion of T at positions 1559 (T1559del)
were detected in five and 15 patients, respectively. On
the allele basis, the F310L and the T1559del mutations

were found in 5 and 18 alleles respectively in 44 alleles
of the patients.

The F310L is found in patients with the relatively
mild form of hypophosphatasias

The F310L mutation was found in patients 1–5 who
have survived despite the perinatal onset of their disease.
The profile of patient 1 has been previously described
elsewhere [17]. The patient, a female, exhibited defor-
mity of the long bones and the characteristic bone spurs
in the fibulae noted at birth [14]. At the age of 1 year, she
underwent surgery to correct the bilateral leg deformity.
Although she experienced premature tooth loss at the
age of 2, she reached the age of 9 years without any
other complications and the deformity of the long bones
improved (Fig. 1A). However, she was short (120 cm,
�1.8 SD at the age of 9 years) with bilateral short fib-
ulae. The serum TNSALP level remained at approxi-
mately 100 IU/l, ranging from 70 to 159 IU/l.

Patient 2 was a male baby, previously described in [3].
He had skin dimples of the lower legs and a skeletal
survey resembled that of patient 1 except for the bone
spurs (Fig. 1B). He was diagnosed with hypophospha-
tasia on the basis of a low level of serum TNSALP
activity (56 IU/l) and the characteristic bone findings.
His parents had also low TNSALP activity levels (father
32 IU/l, mother 68 IU/l).

Patient 3 was a female baby born in the 36th gesta-
tional week with a relative low birth weight (2380 g). She
was the second baby of unrelated parents. Her brother
was healthy and his serum TNSALP level was 224 IU/l.
An ultrasound scan in the 33rd gestational week

Table 1 Summary of the patients

Patient Sex Age at investigation Phenotype Genotype TNSALP activity (IU/l) Outcome

1 F Newborn Non-lethal F310L/G439R 86 Alive
2 M 2 years Non-lethal F310L/T1559del 56 Alive
3 F 4 months Non-lethal F310L/T1559del 89 Alive
4 M 2 months Non-lethal F310L/T1559del 61 Alive
5 M 14 years Non-lethal F310L/A94T 239 Alive
6 M 9 months Non-lethal F311L/T83M 71 Alive
7 M Newborn Perinatal T1559delhomo 2 Dead
8 M Fetus Perinatal T1559del/delN173 <1 Dead
9 F Newborn Perinatal T131A/? 15 Dead
10 M 1 month Perinatal T1559del/delF310 6 Dead
11 M 1 year 7 months Perinatal T1559del/Y268X 2 Alive
12 F Newborn Perinatal T1559del/R206Q 6 Dead
13 M Newborn Perinatal T1559del/? 9 Dead
14 M Newborn Perinatal T1559delhomo 14 Dead
15 M Newborn Perinatal T1559delhomo 20 Dead
16 M Newborn Perinatal T1559del/M278I 29 Dead
17 M 4 months Infantile T1559del/L282P 29 Dead
18 M 10 months Infantile K207E/G409C 193 Alive
19 M 4 months Infantile T1559del/K207E 10 Dead
20 M 2 years Childhood A23V/E174G 107 Alive
21 M 4 years Childhood T1559del/? 154 Alive
22 M 5 years Childhood A159T/? 38 Alive

Table 2 Mutations of the TNSALP gene found in the study

Exon Nucleotide change Amino acid change

3 119C>T A23V
5 299C>T T83M
5 331G>A A94T
5 442A>Ga T131A
6 526G>A A159T
6 568–570delAACa N173del
6 572A>G E174G
7 668G>A R206Q
7 670A>G K207E
8 853–854insGACTa Y268X
9 885G>Aa M278I
9 895T>Ca L282P
9 978–980delCTT DF310
9 979T>C F310L
9 982T>Ca F311L
11 1276G>T G409C
12 1366G>A G439R
12 T1559del Frameshift

aIndicates a novel mutation
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revealed a shortning of her left femur. She had no
respiratory problems, but the deformity and shortness of
the extremities were confirmed by skeletal survey (not
shown); however, she had neither skin dimples of the
lower legs nor bone spurs. The patient was diagnosed as
having hypophosphatasia on the basis of a low level of
serum TNSALP activity (89 IU/l), elevated urine levels
of phosphoethanolamine (1419 lmol/mg creatinine) and
bone findings. The serum TNSALP level increased
thereafter, but remained low, ranging from 149 to
238 IU/l.

Of note, five of patients 1–6 had the F310L mutation
in one of the alleles. In addition, the other patient with
this form ( number 6) had a mutation at a similar po-
sition of the gene (F311L). On the other hand, the
mutations F310L and F311L were not found in the
other patients with more severe phenotypes.

T1559del is the most frequent mutation in Japanese
patients with hypophosphatasia

The T1559del mutation was found in 15 patients and in
18 alleles, and was the most frequent mutation detected
in our patients (Table 1) as reported by Orimo et al. [16].
Three patients with a homozygous T1559del mutation
(numbers 7, 14, 15) were all diagnosed with the classical
perinatal form of hypophosphatasia and died shortly
after birth. Including these patients, nine out of ten cases
of perinatal hypophosphatasia have the T1559del
mutation in at least one of the alleles. However, this
mutation was also found in compound heterozygotes of
other forms of the disease.

Enzymatic activities of the mutant tissue-nonspecific
alkaline phosphatase proteins

Enzymatic activities of some mutant TNSALP proteins
were determined in the reconstruction experiments.
Interestingly, the F310L mutant, which was associated
with the non-lethal neonatal hypophosphatasia, has
been shown to retain around 70% of enzymatic activity
compared with the wild-type protein as previously re-
ported [3] (Fig. 2). On the other hand, the F311L and
F310del mutations led to an almost complete loss of
enzymatic activitiy.

We had three patients with infantile hypophospha-
tasia (numbers 17, 18, 19, Table 1). The enzymatic
activities of the mutant proteins found in these patients
(K207E, L282P. G409C, T1559del) were also evaluated
(Fig. 2). K207E, L282P and G409C mutants retained
some enzymatic activity corresponding to 43.0±10%,
9.7±1.7% and 18.5±1.2% of the activity of wild-type
protein, respectively, whereas the T1559del mutant al-
most completely lost its activity. Interestingly, the single
surviving patient with infantile hypophosphatasia

Fig. 1 A X-ray film of the knees of patient 1 at the age of 9 years.
The curvature of the femur and the tibia has improved significantly
since birth. Note the slight irregularity of metaphysis. B X-ray film
of the knees of patient 2 taken at the age of 18 months. Note the
bending of the lower leg bones. There is no sign of impaired
mineralisation or metaphyseal irregularity

Fig. 2 Enzymatic activities of mutant TNSALP proteins where
codon F310 or F311 was mutated and found in the infantile form
of hypophosphatasia. COS7 cells were transfected with the
expression vectors coding the wild-type (WT) ALP, F310L,
F311L, delF310, K207E, L282P, G409C or T1559del mutant
TNSALP. The TNSALP activities of the cell lysates harvested 2
days after transfection were measured according to Lowry et al. [8]
and standardised to the amount of protein. The TNSALP activity
of the cells transfected with wild-type TNSALP expression vector
was designated as 100%
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(number 18 in Table 1) has the K207E and G409C
mutations, both of the mutants retaining substantial
enzymatic activity.

Discussion

Currently, 127 mutations of the TNSALP gene in pa-
tients with hypophosphatasia have been described in the
TNSALP gene mutations database (http://www.se-
sep.uvsq.fr/Database.html). Most of the identified
mutations are missense mutations, the remainder being
several deletion and insertion mutations of one to four
nucleotides. The deletion of the whole or a large part of
the gene seems rare. Mutations are scattered in each
exon with comparable mutation rates (13.0%–34.8%
per number of coding nucleotides of each exon). In the
present investigation, 18 mutations, including 6 novel
ones, were identified in the 22 Japanese patients with
hypophophatasia (Table 1). Interestingly, mutations
common to the other races were relatively rare in the
Japanese patients. In addition, the most and the second
most frequent mutations in Japanese patients, T1559del
(41%) and F310L (11%) respectively, have not been
reported in other races. However, the frequency of the
mutations may be biased because we were able to
investigate more patients with severe forms of the dis-
ease. In our experience, de novo mutations of the
TNSALP gene seem rare because the parents of the
patients with hypophosphatasia were found to be car-
riers of one of the mutations found in their children
when DNA analysis was performed (data not shown).
Thus, it is likely that these common mutations occurred
in an ancient Japanese patient with hypophosphatasia
and has been maintained in the population. In Europe,
the E174K mutation is reported to be frequent (31%) in
mild hypophosphatasia [6].

Patients with the classical perinatal form of hypo-
phosphatasia almost always die in utero or in the neo-
natal period. Therefore, the perinatal form is a synonym
for the lethal form. However, here we have reported six
patients with hypophosphatasia of fetal onset who
manifested the bending of the long bones and/or char-
acteristic bone spurs, but had neither respiratory failure
nor apparent hypomineralisation. Most importantly, the
prognosis of these patients was rather good, i.e., they
achieved long-term survival without life-threatening
complications. Obviously the phenotype of these par-
ticular patients was benign. Since these patients survive
longer despite their fetal onset, we should pay great
attention to their care and to genetic counselling.
Interestingly, there have been a couple of reports dealing
with a benign prenatal form of hypophosphatasia; one
of the cases had a D361V mutation [10, 18]. Indeed,
routine fetal sonography can greatly contribute to the
detection of mild forms of skeletal dysplasia in utero,
but this particularly benign form of hypophosphatasia
found in Japanese patients is considered to be associated
with a specific F310L mutation whose product retained

approximately 70% of its enzymatic activity. The rela-
tively high activity of the mutation may contribute to
this relatively mild form. However, one patient with
similar mild phenotype had the F311L mutation where
the enzymatic activity was low. The discrepancy between
the phenotype and genotype still remains unclear.

As shown in Table 1, three patients with infantile
hypophosphatasia (numbers 17, 18, 19) were also in-
cluded in the current study. One of them (number 18)
was the previously reported patient [17] and is still alive
with characteristic skeletal changes, i.e. tongue-like lu-
cent lesions of the metaphyses. In contrast, two of them
(numbers 17, 19) died of respiratory failure in infancy.
Thus, the prognosis of infantile hypophosphatasia is still
poor. In an attempt to improve the poor prognosis,
marrow cell transplantation has been performed in
infantile hypophosphatasia although more studies on its
effect are required before the treatment becomes stan-
dard [25]. In our study, both alleles from the surviving
case carry the mutants with residual enzymatic activities.

In four patients (numbers 9, 13, 21, 22), including two
with childhood hypophosphatasia, mutations were
found in only one of the alleles of the TNSALP gene.
The information concerning their parents was not
available and thus the possibility of dominant inheri-
tance cannot be excluded. However, deletion of the
whole or a part of the gene and mutations affecting the
expression level are also to be considered. At least sec-
ondary hypophosphatasaemia caused by a form of
cleidocranial dysplasia (OMIM 119600) and zinc defi-
ciency can be excluded because one allele had the
mutation of the gene [22].

In conclusion, we have investigated the relationship
between the genotype and phenotype in 22 Japanese
patients with hypophosphatasia. Two of the most com-
mon mutations were T1559del and F310L and the latter
was associated with a unique subtype of hypophospha-
tasia in which long-term survival was achieved despite
the fetal onset of the disease. In the reconstruction
experiments, some of the mutant TNSALP proteins
associated with infantile hypophosphatasia as well as
with the F310L mutation have been revealed to retain
residual enzymatic activities. These results enhance the
significance of the identification of mutations and the
evaluation of the enzymatic activity of the mutant pro-
teins to predict the prognosis of the patients with hyp-
ophosphatasia.
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