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Abstract:

A 79-year-old man was admitted with a compression fracture of the first lumbar vertebra. His alkaline
phosphatase (ALP) level was 35 IU/L, and his dual energy X-ray absorptiometry T score was -3.7 standard
deviations, indicating osteoporosis. A genetic analysis showed a mutation of the alkaline phosphatase
biomineralization-associated gene encoding tissue-nonspecific alkaline phosphatase. Hypophosphatasia-related
osteoporosis was diagnosed. Alendronate, teriparatide, and minodronate were administered in that order. The
ALP level increased during teriparatide use. A bone biopsy performed after three years of teriparatide treat-
ment showed that cancellous bone was adynamic. In cortical bone, tetracycline double-labeling indicates en-
hanced bone formation. Teriparatide may thus be a viable treatment option even in patients with hypophos-

phatasia.
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Introduction

Hypophosphatasia (HPP) is a rare, inherited metabolic
disease in which low activity of tissue-nonspecific alkaline
phosphatase (TNSALP) phosphatase
biomineralization-associated (ALPL) gene mutations causes
low serum alkaline phosphatase (ALP) levels. The clinical
features of HPP are seen mainly in infants and children and
include premature loss of teeth, rickets, vitamin B6-
dependent seizures, and respiratory difficulties. The thera-

due to alkaline

peutic agent asfotase alfa, a bone-targeted recombinant
TNSALP, was introduced for the treatment of severe pediat-
ric cases (1).

Although HPP manifests mainly in infants and children,
cases in adults also have been reported. Desborough et al.
described the characteristics of 20 adult cases of HPP; the

patients’ mean age was 49.1 (range, 30.7-74.8) years old,
and they had a high prevalence of metatarsal or femoral
shaft fractures. The mean total ALP was 23.8 IU/L, and the
mean bone alkaline phosphatase was 6.3 pg/L (2). Osteo-
malacia associated with fractures and pseudofractures has
been reported to be a feature of HPP (1, 2). However, the
literature contains little information on bone pathology, in-
cluding osteomalacia, in HPP.

We performed a bone histomorphologic analysis in a 79-
year-old man who had been diagnosed with HPP based on
his low serum ALP levels and the results of a genetic analy-
sis after a lumbar compression fracture. A bone biopsy
showed no evidence of osteomalacia. We herein report the
case and discuss the bone lesions characteristic of HPP and
those found after teriparatide administration.
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Bone Biopsy
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Outline of the clinical course from 2009 to 2016. The figure shows changes in serum alka-

line phosphatase (IU/L) (red line), tartrate-resistant acid phosphatase Sb (mU/dL) (blue line), and the
bone mineral density T score (lateral lumbar spine).

Case Report

In 2014, a 79-year-old Japanese man was admitted to our
hospital for the evaluation of osteoporosis. He had a history
of compression fracture of the first lumbar vertebra in 2002.
At that time, serum creatinine had been 1.0 mg/dL, and se-
rum ALP had been 35 IU/L (reference range, 117 to 350
IU/L). Dual energy X-ray absorptiometry had been per-
formed, revealing a bone mineral density (BMD) T score of
-3.7 standard deviations (SD) for the lumbar spine (L2-L4)
in the lateral view. Based on previous reports (1, 2),
hypophosphatasia-related osteoporosis was suggested. Treat-
ment with the bisphosphonate, alendronate (5 mg/day), was
initiated in 2004, but HPP persisted.

In 2011, alendronate was discontinued and the synthetic
parathyroid hormone teriparatide (20 pg/day) was started;
subsequently, ALP increased to 112 IU/L. In 2013, after 2
years of treatment with teriparatide, the drug was discontin-
ued and replaced with another bisphosphonate, minodronate
(50 mg/4 weeks), and ALP declined to 44 IU/L. The BMD
had increased (T score, -2.2 SD) at 4 years after starting the
administration of teriparatide (2 years of treatment with teri-
paratide and 2 years of sequential treatment with minodro-
nate) (Fig. 1). No new fractures were observed following
minodronate treatment.

One year after teriparatide had been discontinued, in-
formed consent was obtained, and an iliac bone biopsy was
performed. In addition, tetracycline double labeling was per-
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formed with 200 mg/day doxycycline (schedule of 3 days
on, 11 days off, 3 days on, 56 days off). A bone histo-
morphometric analysis was performed by the Ito Bone Sci-
ence Institute (Niigata, Japan).

The laboratory findings at the time of the bone biopsy
were as follows: serum creatine, 1.2 mg/dL; ALP, 44 TU/L;
bone ALP, 3.0 pg/L (reference range, 3.7-20.9 png/L);
tartrate-resistant acid phosphatase 5b, 191 mU/dL (reference
range, 170-590 mU/dL); intact parathyroid hormone, 22 pg/
mL (reference range, 10.0-65.0 pg/mL); osteocalcin, 4.7 ng/
mL (reference range, 8.4-33.1 ng/mL); and total procollagen
type 1 N-terminal propeptide, 16.5 ng/mL (reference range,
18.1-74.1 ng/mL).

The bone histomorphometric analysis

The frame of the cortical bone was thin. Histomorphome-
try of cancellous bone showed a bone volume that was
lower than in younger age groups but within the standard
range for 70-year-old adults. However, broken bone frag-
ments were observed in many areas, probably due to the bi-
opsy, suggesting fragility of the bone (Fig. 2a). All osteoid
parameters were normal, as follows: osteoid volume to tis-
sue volume, 0.12%; osteoid volume to bone volume (OV/
BYV), 0.66%; osteoid surface, 3.74%; and osteoid thickness,
0.69 um. The fibrous tissue volume to total volume (Fb.V/
TV; 0.00%) and eroded surface to bone surface (2.44%) also
were normal. No tetracycline labeling was seen on most of
the trabecular surfaces in cancellous bone. Empty lacunae
without osteocyte nuclei were observed in the bone lacunae
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Figure 2. Bone biopsy findings. a: Overview of a bone biopsy one year after the termination of
teriparatide treatment and the administration of minodronate. Tetracycline double labeling was used
(200 mg/day doxycycline: 3 days on, 12 days off, 3 days on, 66 days off). The frame of the cortical bone
was thin, and the bone volume of cancellous bone was lower than in younger age groups. In many
areas, broken bone fragments were observed, probably due to the biopsy, suggesting fragility. Square
b shows b. Square c shows c. b: No tetracycline labeling was seen on most of the trabecular surfaces
in cancellous bone (b-C). Empty lacunae without osteocyte nuclei were observed in the lacunae of
bone trabeculae (arrows, b-D). The patient was diagnosed with adynamic bone. c: In cortical bone,
double tetracycline labeling (arrows) was seen along the trabecular surfaces (c-C), and the markedly
thickened osteoid layer (black arrows) was covered by numerous osteoblasts (red arrows, c-D).
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of bone trabeculae (Fig. 2b). The patient was diagnosed
with adynamic bone according to Sherrard’s classification
because the Fb.V/TV was 0.0% (threshold for diagnosis,
<0.5%), OV/BV was 0.66% (threshold for the diagnosis,
<15%), and tetracycline labeling was absent (3, 4). In corti-
cal bone, double tetracycline labeling was seen along the
trabecular surfaces, and the markedly thickened osteoid
layer was covered by numerous osteoblasts (Fig. 2c¢).

The diagnosis based on the bone biopsy findings

In our patient, no tetracycline labeling was seen in cancel-
lous bone (in normal cancellous bone, double labeling is
found, indicating high turnover), while double labeling was
noted in cortical bone (in normal cortical bone, no labeling
is found, indicating low turnover). These findings suggest
that teriparatide increased the formation of cortical bone but
not that of cancellous bone.

A gene analysis by TNSALP gene sequencing

DNA was extracted from blood leukocytes. All coding ex-
ons (exons 2-12) and adjacent mRNA splice sites of
TNSALP were analyzed for mutations using the methods
published by Mumm et al. (5). A gene analysis clarified the
presence of the heterozygous frameshift variant because it
showed a deletion mutation of base T corresponding to
1,559 of cDNA (c.1559delT), which corresponds to the
ALPL gene encoding TNSALP.

Discussion

We encountered a 79-year-old man with HPP. Because
our patient was an older adult, we searched for articles on
adult-onset HPP and the associated bone pathology. Berk-
seth et al. examined the clinical information of 22 patients
with adult-onset HPP who were characterized based on their
bone-fracturing tendency; the patients were not genetically
tested but had low serum ALP levels. The median age at the
diagnosis was 49 years old, and 68% were women. A his-
tory of fracture was present in 54%, as follows: hip/femoral
neck fracture, 23%:; foot fracture, 23%; wrist fracture, 18%;
and spine fracture, 9%. Nine patients (36%) had multiple
fractures, and 4 had subtrochanteric femur fractures. Four
patients had undergone iliac crest bone biopsies, and the
findings in two of the biopsy specimens were consistent
with osteomalacia (6). Patients with HPP are predisposed to
bone, with
bisphosphonates further suppresses bone formation, suggest-
ing that osteomalacia may be exacerbated by bisphosphonate
administration (7, 8).

Treatment of HPP with bisphosphonates has been re-
ported to be undesirable because it further reduces bone
turnover and leads to atypical fractures; in contrast, teri-
paratide has been reported to be effective in promoting frac-
ture healing (7, 8). Gagnon et al. reported a 53-year-old
woman with HPP and elevated ALP who showed fracture
healing after treatment with teriparatide for pseudofractures

osteomalacia in cancellous and treatment
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on the lateral aspect of both proximal femurs. The bone bi-
opsy performed before teriparatide administration showed a
bone mineralization defect with very wide osteoid seams, a
diffuse interface between osteoid and mineralized bone, and
no osteoblasts on the surface of the osteoid. Five months af-
ter initiation of teriparatide treatment, a second bone biopsy
showed that more of the bone surface was covered with os-
teoid, the interface between osteoid and mineralized bone
was well demarcated, and the osteoblast numbers were in-
creased. Furthermore, the osteoblasts observed were cuboi-
dal, suggesting increased osteoblast activity, although no la-
bels were apparent (9). According to Sherrard’s classifica-
tion, the first biopsy of this case showed adynamic bone,
and the second showed osteomalacia (4).

Rassie et al. reported on bone biopsies performed in two
patients with HPP. One patient had fractures and severe os-
teoporosis, but a histological examination found no evidence
of osteomalacia. The other patient had taken alendronate for
eight years, but despite profound suppression of bone turn-
over, a histological examination again revealed no evidence
of osteomalacia (10).

Although it has been shown that an increase in bone for-
mation occurs not only in cortical bone but also in cancel-
lous bone after teriparatide administration in young adult
male mice, as reported by Yamamoto et al. (11), the bone
biopsy showed bone formation only in cortical bone in the
present case. The fact that the bone biopsy was performed
not immediately after the administration of teriparatide but
rather one year after the switch to minodronate suggests that
the minodronate suppressed bone formation in the cancel-
lous bone liable to increased bone turnover, resulting in can-
cellous bone being replaced by adynamic bone. However,
the cortical bone, which is inherently slow in bone turnover,
may have retained the double labelling of one year ago, and
indeed, a paper suggesting this idea was reported by Suwabe
et al. (12).

Patients with HPP who have reduced bone formation due
to a genetic disorder may respond to teriparatide very differ-
ently from patients with non-HPP osteoporosis. However,
our case suggests that teriparatide may have some effects on
the mechanism underlying bone formation, including posi-
tive effects on cortical bone, even in patients with HPP.

The BMD was increased (T score, -2.2 SD) 4 years after
starting the administration of teriparatide (2 years of treat-
ment with teriparatide and 2 years of sequential treatment
with minodronate). The presence of osteoblasts in the corti-
cal bone in a bone biopsy one year after the end of teri-
paratide treatment is also consistent with the continued in-
crease in bone density for the following year. Administration
of minodronate may support the bone-density-enhancing ef-
fect of teriparatide. In addition to these treatments, abdomi-
nal and back muscle exercises were recommended, which
may have increased the BMD and prevented fractures.

In conclusion, we presented the findings of a bone biopsy
performed after administration of alendronate followed by
teriparatide and then minodronate in a 79-year-old man with
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HPP diagnosed based on a lumbar compression fracture and
results of a genetic analysis. The genetic mutation in HPP
causes extremely low ALP levels, which suppresses bone
formation. However, a bone biopsy in our patient clarified
that the cancellous bone was adynamic and did not show os-
teomalacia. The clinical course showed that teriparatide also
increased the bone formation in cortical bone because it in-
creased the ALP level to a greater degree than with the
bisphosphonates alendronate and minodronate.

This investigation was conducted in accordance with the Dec-
laration of Helsinki. The patient gave his informed consent for
this case report to be published.
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