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Abstract Sclerostin and dickkopf-1(DKK1) are Wnt/g-
catenin signal antagonists that play an important role in
bone formation. Ossification of the posterior longitudinal
ligament (OPLL) of the spine is characterized by patholog-
ical ectopic ossification of the posterior longitudinal liga-
ment and ankylosing spinal hyperostosis. The aims of this
study were to evaluate serum sclerostin and DKKI1 levels
in persons with OPLL and to identify its relationship with
bone metabolism and bone mass in persons with OPLL.
This was a case—control study, and 78 patients with OPLL
were compared with 39 age- and sex-matched volunteers
without OPLL. We analyzed the relationship with calcio-
tropic hormones, bone turnover markers, OPLL localiza-
tion, number of ossified vertebrae, and bone mineral den-
sity of total hip (TH-BMD). Serum sclerostin levels in men
with OPLL were significantly higher than in men in the
control group (control group: mean = 45.3 pmol/L; OPLL
group: mean = 75.7 pmol/L; P = 0.002). Age and scle-
rostin levels were positively correlated in men with OPLL
(r =0.43; P = 0.002). Serum sclerostin levels in men with
OPLL had a positive correlation with TH-BMD Z-score
(r=0.511; P = 0.011, n = 30). There was a strong nega-
tive correlation between serum sclerostin levels and serum
DKKI1 levels in men with OPLL (r = —0.506; P < 0.001).
Bone and mineral metabolism in OPLL differs between
men and women. In men with OPLL, systemic secretion
of sclerostin increases with advancing age and with higher
bone mass. These two Wnt/B-catenin signal antagonists
have the opposite effect in persons with OPLL, and higher
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serum sclerostin levels are counterbalanced by underpro-
duction of DKKI.
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Introduction

Ossification of the posterior longitudinal ligament (OPLL)
of the spine is an intractable disease of unknown etiology
[1]. Development of pathological ectopic ossification of
the posterior longitudinal ligament induces compression
myelopathy or radiculopathy by spinal stenosis and the loss
of spinal flexibility by ankylosing spinal hyperostosis [2].
The etiology of OPLL has not been fully clarified [3], but
OPLL seems to occur and develop as a result of systemic
and local factors in combination with a genetic abnormality
[4-T7].

Several studies have investigated the relationship between
OPLL and bone and mineral metabolism [8—13]. Matsui
et al. [8] demonstrated the presence of increased serum pro-
collagen type I carboxyl-terminal peptide and intact osteo-
calcin in patients with OPLL. Sohn and Chung found that
bone mineral density (BMD) in the lumbar spine and femur
were higher in persons with OPLL than in control-group
members and that rates of osteopenia and osteoporosis were
lower in persons with OPLL than in control-group mem-
bers [12]. Yoshimura et al. [13] reported that the presence
of cervical OPLL showed a significant association between
femoral neck BMD and the presence of diffuse idiopathic
spinal hyperostosis (DISH) in 1,562 Japanese from a popu-
lation-based cohort. Findings from these studies suggest that
systemic factors such as constitutional predisposition and
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abnormal metabolic disorders may cause OPLL and lead to
increased BMD. However, bone and mineral metabolism in
persons with OPLL has not been fully elucidated.

Sclerosteosis and van Buchem disease are rare bone dis-
eases first described in 1950 [14]. In 2001 the SOST gene,
which encodes sclerostin, was identified as the gene respon-
sible for sclerosteosis [15, 16]. SOST mRNA as well as
sclerostin protein expression is restricted to osteocytes, and
sclerostin (secreted exclusively by mature osteocytes embed-
ded within the mineralized matrix) is a key protein that inhib-
its bone formation [17, 18]. Both sclerostin and dickkopf-1
(DKK1) are antagonists for canonical Wnt/B-catenin signal-
ing and regulate bone mass by competitive binding to low-
density lipoprotein receptor-related protein 5 [19]. Canoni-
cal Wnt/B-catenin signaling plays an important role in bone
formation, and activation of this signaling pathway results in
propagation of osteoprogenitor cells as well as reduced apop-
tosis of osteoblasts, leading to anabolic effects on bone [19,
20]. The role of sclerostin and DKK1 has been investigated in
various diseases related to bone and mineral metabolism [21—
24]. However, no studies have investigated serum sclerostin
and DKKI levels in OPLL in either animals or humans.

The objectives of our study were (1) to compare serum
sclerostin and DKK1 levels between persons with OPLL
and those without the disease and (2) to identify the rela-
tionship between Wnt/B-catenin signaling antagonists and
bone turnover markers in persons with OPLL.

Materials and methods

This study is a case—control study. From October 2011 to
September 2012, we consecutively recruited patients with
OPLL who visited our hospital for routine follow-up care.
The OPLL group included 78 patients with a diagnosis of
cervical OPLL and/or thoracic OPLL. Cervical OPLL was
diagnosed using plain lateral radiographs and/or whole-
spine multiplanar reconstruction computed tomography
(CT-MPR). The diagnosis of cervical OPLL was based
on the OPLL criteria described by Tsuyama [1]. Thoracic
OPLL was diagnosed using whole-spine CT-MPR. The con-
trol group included 39 age- and sex-matched patients who
were admitted to our hospital to undergo CT myelogram
during the same period, and whole-spine CT myelogram
showed that they did not have OPLL. Our study protocol was
approved by the ethics review board of our institution and
was in compliance with the Helsinki Declaration. All partici-
pants in the study provided written informed consent.

Inclusion and exclusion criteria

All participants were enrolled in our study according to the
following criteria—were self-reliant in activities of daily
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living, were aged between 30 and 85 years, and had normal
levels for renal creatinine and hepatic function. No patients
enrolled in our study had diseases affecting bone metabo-
lism such as osteomalacia, Paget disease, rheumatoid
arthritis, hyperparathyroidism, hypercortisolism, chronic
kidney disease with bone and mineral disorder, or malig-
nant tumors. Patients who had sustained a fracture within
the preceding 6 months were also excluded.

Clinical examination and assessment of comorbidities

At recruitment, height, weight, and body mass index (BMI)
were recorded for all study participants, and BMI was calcu-
lated as weight in kilograms divided by the square of height
in meters. We evaluated each participant for the presence
of comorbidities such as hypertension, hyperlipidemia, and
diabetes mellitus and for previous or current treatment with
drugs affecting bone metabolism (calcium supplements,
vitamin D preparations, selective estrogen-receptor modu-
lators, estrogen therapy, antiresorptive therapy, teriparatide,
thiazides, steroids, glucocorticoids, and anticoagulants).

Serum measurements

Blood samples of venous blood were collected from fasting
patients and sera were stored at —70 °C until examination.
Serum concentrations of calcium (Ca), phosphorus, total
protein, albumin (Alb), creatinine, alkaline phosphatase,
and glycated hemoglobin were measured using standard
automated laboratory techniques. Estimated glomerular fil-
tration rate was calculated according to a Japanese standard
formula based on inulin clearance:

[(194 x creatinine) — 1.094] x [age — 0.287]

For females, the value subtracted from age is 0.739.
Serum Ca levels were corrected for Alb using the fol-
lowing formula:

Corrected Ca = [total Ca 4 (4.0—Alb)] x 0.8

where Alb <4.0 g/dL.

Serum intact parathyroid hormone (iPTH) was measured
by electrochemiluminescence immunoassay (Roche Diag-
nostics, Tokyo, Japan). Serum 1.25-hydroxyvitamin D was
measured using a Toray-Fuji Bionics 1.25-dihydroxyvita-
min D RIA kit (Immunodiagnostic Systems Ltd., Boldon,
UK). Bone turnover markers were measured as follows—
total osteocalcin by immunoradiometric assay (BGP-IRMA;
Mitsubishi Chemical Medience Corporation, Tokyo, Japan),
bone-specific alkaline phosphatase by enzyme immuno-
assay (Osteolinks BAP; Quidel Corporation, San Diego,
CA, USA), intact N-terminal propeptide of type I procol-
lagen (PINP) by radioimmunoassay (Orion Diagnostica,
Espoo, Finland), and tartrate-resistant acid phosphatase 5b
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(TRACP-5b) by enzyme immunoassay (Osteolinks TRAP-
5b; Nittobo Medical Co. Ltd., Tokyo, Japan).

Serum sclerostin (standard range 0—240 pmol/L) was
measured using a commercially available enzyme-linked
immunosorbent assay (Biomedica Gruppe, Vienna, Aus-
tria) and quantified with detection limits of 8.9 pmol/L with
intra-assay and inter-assay CV of 5 % and 3-6 %, respec-
tively. Serum DKKI1 (standard range 1357-5240 pmol/L)
was measured using enzyme-linked immunosorbent assay
(R&D Systems, Minneapolis, MN, USA) and quantified
with detection limits of 4.23 pg/mL with intra-assay and
inter-assay CV of 3.3-4.2 % and 4.6-7.6 %, respectively.

Radiological examinations

Plain radiographs of cervical, thoracic, and lumbar spines
were obtained for all participants with OPLL. OPLL locali-
zation and numbers of ossified vertebra were investigated
using plain lateral radiographs and/or CT-MPR. OPLL
localization was categorized into 3 types—(A) localized
cervical type, in which OPLL is localized to 1 or 2 cervi-
cal spine levels; (B) extensive cervical type, in which OPLL
spreads across a wide area (over 3 spine levels) from the
upper cervical to the lower cervical or upper thoracic spine;
and (C) thoracic type, in which OPLL is widespread only in

the thoracic spine (Fig. 1). Plain radiographs of thoracic and
lumbar spines and/or whole spine CT-MPR were obtained
for members of the OPLL group for use in examining for
DISH, which was diagnosed according to the classification
system of Resnick et al., which requires involvement of at
least 4 contiguous vertebrae of the thoracic spine [2].

BMD measurement

BMD values in total hip (TH-BMD) were measured by dual-
energy X-ray absorptiometry (Discovery A; Hologic, Inc.,
Waltham, MA, USA). TH-BMD was expressed relative to
the standard deviation of age- and sex-matched normal Japa-
nese BMD values provided by the manufacturer (Z score).

Statistical analysis

Baseline characteristics were summarized using descrip-
tive statistics. All data are expressed here as the mean or the
mean + SD. Probability values of <0.05 were considered
to indicate statistical significance. Shapiro—Wilk test was
used to check the normality of distribution of continuous
variables. Parameters not showing Gaussian distribution
were log transformed. Associations are expressed as results
of the Pearson correlation coefficient test. Comparisons of

Fig. 1 Three categories of ossification of the posterior longitudinal
ligament (OPLL) of the spine—a localized cervical type, in which
OPLL is localized to only 2 cervical spine levels (C4-C5); b exten-
sive cervical type, in which OPLL spreads across a wide area from

the upper cervical to lower cervical or upper thoracic spine (C2-T1);
and c thoracic type, in which OPLL is widespread only in the tho-
racic spine (T1-L1)
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continuous variables between the 2 groups were performed
using the unpaired Student ¢ test or Mann—Whitney U test
depending on the distribution. To determine the influence
of independent variables to explain serum sclerostin lev-
els, liner regression models were used. ANCOVA was per-
formed to compare individual regression line and to show
differences adjusting age between the 2 groups. All statisti-
cal analyses were performed using JMP software (version
11.0.0; SAS Institute, Cary, NC, USA).

Results
Characteristics of the 2 groups
Table 1 shows the characteristics of members of the OPLL

and control groups. The groups were comparable in most
baseline characteristics. It is well known that persons with

Table 1 Characteristics of study population

OPLL often have impaired glucose tolerance, and disorders of
glucose metabolism play a role in the pathogenesis of OPLL
[3, 4, 6]. As expected, we found that OPLL was associated
with a much higher incidence of diabetes mellitus than those
without OPLL (control group, 15 %; OPLL group, 35 %),
and glycated hemoglobin levels were significantly higher in
the OPLL group than in the control group (P = 0.02).

Serum iPTH levels were significantly higher in men with
OPLL than in men in the control group (P = 0.01). Serum
PINP and TRACP-5b levels were significantly lower in men
with OPLL than in men in the control group (PINP: P = 0.01;
TRACP-5b: P = 0.01). Bone turnover markers were lower in
men with OPLL than in men in the control group.

Serum sclerostin and dickkopf-1 levels in the 2 groups

Serum sclerostin levels as well as log (sclerostin) in men with
OPLL were significantly higher than in men in the control

Variables Male Female
Control (n =22) OPLL (n=49) pValue Control(n=17) OPLL (n=29) p Value
Age (years) 68.9 £9.7 66.6 +£9.2 NS 65.7 £ 15.1 63.1 £11.9 NS
Height (cm) 164.0 £ 7.5 167.0 £5.9 NS 150.0 £ 6.5 1543 £ 4.9 0.009
Body weight (kg) 65.1 £11.2 70.2 £ 10.8 NS 53.0 £10.7 60.8 9.8 0.02
Body mass index (kg/m?) 24.1 £0.7 252 £0.5 NS 23.6 £4.1 25.6 £4.3 NS
Estimated glomerular filtration rate 679 £ 144 722+ 142 NS 79.5 £35.1 75.4 £16.7 NS
(mL/min./1.73 m?)
Presence of hypertension 59.1 % 39.2 % 29.4 % 333 %
Presence of hyperlipidemia 22.7 % 12.2 % 11.8 % 344 %
Presence of diabetes mellitus 22.7 % 32.7 % 59 % 37.9 %
Glycated hemoglobin (%) 53+0.6 57+£02 0.02 53+£05 5.8+1.0 0.04
Serum calcium (mg/dL) 8.9+03 9.1£03 NS 9.0£0.2 93+£0.5 NS
Serum phosphorus (mg/dL) 33£05 3.1£05 NS 35+£03 35+£05 NS
Bone-specific alkaline phosphatase (ug/L) 12.8 £3.9 147 +£7.8 NS 13.1 £ 4.7 15.7+6.1 NS
Intact N-terminal propeptide of type I 47.7+£223 352+ 164 0.01 492 £24.2 427+ 149 NS
procollagen (ug/L)
Osteocalcin (ng/dL) 33+1.5 3.6+ 1.6 NS 38+1.8 47+ 1.7 NS
Tartrate-resistant acid phosphatase 5b (mU/dL) 427 4+ 173 332 £+ 128 0.01 397 £ 179 417 £ 161 NS
Parathyroid hormone (pg/dL) 415+ 11.1 495+ 143 0.01 46.6 + 13.7 58.6 +£23.3 NS
1.25-hydroxyvitamin D (pg/dL) 62.3 £259 58.0 £ 18.5 NS 60.9 +£21.0 55.6 £ 18.0 NS
Sclerostin (pmol/L) 453 +16.0 75.7 £429 0.002 44.5 +20.2 444 +213 NS
(22.6-92.9) (24.5-212.0) (18-89.5) (21.6-90.5)
Log (sclerostin) 1.63 £ 0.15 1.81 £0.23 0.001 1.60 = 0.20 1.60 £ 0.19 NS
(1.35-1.97) (1.39-2.32) (1.6-1.95) (1.33-1.96)
dickkopf-1 (pg/mL) 2355 £ 1076 2069 + 785 NS 2443 £ 812 1928 £ 924 NS
(691-5190) (666-3670) (836-3570) (188-3930)

Values are shown as mean £ SD or mean £ SD (range)

Statistical analysis was conducted using the unpaired Student ¢ test or Mann—Whitney U test: p < 0.05 was considered a statistically significant

difference
NS Not significant
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group (control group: mean 45.3, SD 16.0 pmol/L; OPLL
group: mean 75.7, SD 42.9 pmol/L; P = 0.002). Serum scle-
rostin levels were significantly higher in men than in women
in the OPLL group (men: mean 75.7, SD 40.9 pmol/L;
women: mean 45.3, SD 16.1 pmol/L; P < 0.0001), but there
were no significant differences between men and women
in the control group. There was no significant difference in
DKKI1 levels between men and women in either group.

Serum sclerostin levels were positively correlated with age
only in men with OPLL (r = 0.430; P = 0.002), but there were
no correlations in women with OPLL or women in the control
group (r = 0.157; P = 0.42) (Fig. 2). Results from ANCOVA
analysis indicated that the regression slopes were not different
in men in either group (P = 0.14), but serum sclerostin lev-
els were significantly higher in men in the OPLL group after
adjusting age. Linear regression analysis was performed to
determine the independent variables that would explain serum
sclerostin levels—sex (8 = 0.308; P = 0.001), age (8 = 0.262;
P =0.004), and study group (8 = 0.260; P = 0.006).

Levels of serum sclerostin, calcium-regulating hormone,
and bone turnover markers

Table 2 details relationships among serum sclerostin, cal-
cium-regulating hormone, and bone turnover marker levels
in men in the 2 groups.

There was no association between serum sclerostin lev-
els and iPTH levels in men in the control group, but there
was a positive correlation between serum sclerostin levels
and iPTH levels in men in the OPLL group (r = 0.280;
P = 0.048). There was no association between serum
DKKI1 levels and iPTH levels in men in either group.

In men in the control group, serum sclerostin levels
had a strong positive correlation with PINP, osteocalcin,
and TRACP-5b. In the women in the control group, serum

(A) 2407 (B) 240 -
*
~ 2007 200
s . -
S 160 - 3 1604
& . g
£ 1201 ¢ = 120
> od
© 80+ 93‘3‘ S 80 o
3 Ty 3 IR
D40l et BN 8 a0l ey
> $y 8
0 T T T 1 0 T T T 1
20 40 60 80 100 20 40 60 80 100
(Age) (Age)

Control (m) :r=0.167; p = 0.44
OPLL (#):r=0.157; p=0.42

Control (m) : r=0.212; p=0.34
OPLL (®):r=0.430; p = 0.002

Fig. 2 Relationships between serum sclerostin levels and age in men
(a) and women (b). Square; control group, Diamond, OPLL (ossifica-
tion of the posterior longitudinal ligament) group

sclerostin levels also had a strong positive correlation with
TRACP-5b. In contrast, there was no correlation with bone
turnover markers in either the men or the women in the
OPLL group. Regarding DKK1, there was no correlation
with bone turnover markers in either men or women in the
control group, but serum DKKI1 levels had a positive cor-
relation with PINP in the men of the OPLL group.

Serum sclerostin levels had a strong negative correlation
with serum DKKI1 levels in men with OPLL (r = —0.506;
P < 0.001). In the control group, there was no correlation
between serum sclerostin levels and DKK1 levels. These 2
Wnt/B-catenin signaling antagonists had the opposite effect
in the OPLL group.

Serum sclerostin levels, localization of ossification of the
posterior longitudinal ligament, number of ossified
vertebrae and DISH

OPLL localization was categorized into 3 types—Ilocalized
cervical type (8); extensive cervical type (56); and thoracic
type (14). There was no association with serum sclerostin lev-
els among OPLL localization types (localized cervical type:
mean 75.0, SD 41.9 pmol/L; extensive cervical type: mean 66.4,
SD 41.0 pmol/L; thoracic type: mean 48.0, SD 20.0 pmol/L).
Furthermore, there was no correlation between serum scle-
rostin levels and the number of ossified vertebrae with OPLL
(r = 0.07; P = 0.84). There was no correlation between serum
sclerostin levels and OPLL localization or the number of ossi-
fied vertebrae with OPLL between men and women in either
group. The percentage of persons with OPLL and DISH was
26 % (men 31 %, female 16 %), and there was no correlation
between serum sclerostin levels and the presence of DISH.

Serum sclerostin levels and TH-BMD

Almost half of the OPLL group had a symptom of cervi-
cal or thoracic myelopathy and had some kind of muscular
weakness of lower limbs or gait disturbance postoperatively.
TH-BMD was measured in 38 OPLL patients with no neu-
rological deficits (30 men and 8 women). Patients with
OPLL exhibited a large increase in TH-BMD Z-score (men:
mean 1.38, SD 1.16, women: mean 0.60, SD 0.65). There
were no tendency for age-related TH-BMD increase in men
in the OPLL group (P = 0.22). In men in the OPLL group,
serum sclerostin levels had a strong positive correlation with
the TH-BMD Z score (r = 0.511, P = 0.011) (Fig. 3).

Discussion
The mechanism behind the development of spinal liga-

ment ossification has not been fully elucidated, but we have
clarified the relationship between OPLL and a systemic
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Table 2 Regression coefficients for Wnt/f antagonists versus other parameters in men

Correlation coefficient (r) vs sclerostin

Correlation coefficient (r) vs DKK1

Control group OPLL group Control group OPLL group
Age 0.213 0.430%* 0.051 —0.288*
Body mass index 0.317 —0.015 —0.186 0.083
Glycated hemoglobin 0.540%* 0.025 —0.144 —0.392%*
Bone-specific alkaline phosphatase 0.295 —0.005 —0.153 —0.213
Intact N-terminal propeptide of type I procollagen 0.488%* —-0.058 —0.285 0.309%*
Osteocalcin 0.480%* 0.141 —0.293 0.263
Tartrate-resistant acid phosphatase 5b 0.544* 0.111 —0.19 0.114
Intact parathyroid hormone 0.096 0.280%* —0.014 —0.231
1.25-hydroxyvitamin D —0.441* —0.240 0.206 0.161
Sclerostin 1 1 —0.194 —0.506%*
DKK1 —0.194 —0.506%* 1 1

p < 0.05 was considered a statistically significant difference (* p < 0.05, ** p < 0.01)
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Fig. 3 Relationships between serum sclerostin levels and bone min-
eral density in total hip (TH-BMD) Z-score in men with ossification
of the posterior longitudinal ligament

negative regulator of bone formation. Bone and mineral
metabolism in OPLL differs between men and women, and
we found higher serum sclerostin levels in men with OPLL
compared with age- and sex-matched members of our con-
trol group. Systemic secretion of sclerostin significantly
increased with advancing age and with higher bone mass
in men with OPLL, and higher serum sclerostin levels are
counterbalanced by underproduction of DKKI.

Serum sclerostin levels in patients with OPLL

Serum sclerostin levels were significantly higher in men
with OPLL than in age-matched men of our control group.
Serum sclerostin levels were positively correlated with
age only in men with OPLL (r = 0.43; P = 0.002). Some
large-sample studies have documented that men have higher

@ Springer

serum sclerostin levels than women using a population
which is highly characteristic of a Caucasian healthy popu-
lation, but blacks and Asians are underrepresented, and that
these levels increase with age in this population [25-27].
Szulc et al. [25] speculated that the age-related changes in
serum sclerostin reflect changes in bone mass and turnover
rate. Bone tissue enters a new remodeling cycle in younger
men compared with older men, and the activation of bone
remodeling in younger men results in a lower mass of
mature osteocytes producing sclerostin despite high total
bone mass [25]. Modder et al. [26] speculated that there
is increased sclerostin production by individual osteocytes
with aging. They noted that circulating sclerostin levels
might reflect total-body skeletal mass, and thus because
men generally have larger skeletons than women, their bod-
ies simply may produce and release more sclerostin into cir-
culation than women [26]. In contrast with the studies [25—
27] which used healthy men, serum sclerostin levels in men
with OPLL were extremely high, and we found no tendency
for age-related changes in serum sclerostin to slow down in
older men with OPLL.

Many previous studies showed that persons with OPLL,
who often also have DISH, have a significantly higher
BMD than control-group members in the lumbar spine,
radius, lower limbs and ribs [8—13]. In this study, men with
OPLL also exhibited a large increase in TH-BMD Z score
although we did not measure TH-BMD in any members
of the control group. In men in the OPLL group, serum
sclerostin levels had a strong positive correlation with TH-
BMD Z score. In men with OPLL, a larger skeletal mass
compared with that of women, along with systemic hyper-
ostosis and the development of poorly remodeled bone tis-
sue such as OPLL and DISH, dramatically increases sys-
temic secretion of sclerostin. We found no relationships
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between serum sclerostin levels and OPLL localization or
number of ossified vertebrae or the presence or absence of
DISH. Therefore, these observations suggest that higher
bone mass in men with OPLL is related to higher serum
sclerostin levels rather than development of OPLL and
DISH. Conceptually, higher bone mass increases sclerostin
production by osteocytes, and inactivation of bone remod-
eling in older men with OPLL also increases sclerostin pro-
duction by mature osteocytes.

Sex difference in patients with ossification of the
posterior longitudinal ligament

This study show that the mechanism of bone and mineral
metabolism, which focuses on Wnt/f signaling, differs
between men and women with OPLL, and this fact sug-
gested that the underlying mechanism of OPLL develop-
ment is different between the sexes. Serum sclerostin lev-
els were positively correlated with age only in men with
OPLL, but there were no correlations in women with OPLL
or women in the control group. Ikeda et al. [28] found that
serum leptin concentration is associated with extension
of OPLL in women. It is possible that hyperleptinemia
in combination with hyperinsulinemia contributes to the
development of OPLL, because a study by Wada et al. [29]
showed that serum estrogen levels in women with OPLL
are related to the extent of heterotopic ligament ossifica-
tion. Ardawai et al. reported increases in serum sclerostin
levels in women with increasing levels of serum follicle-
stimulating hormone and luteinizing hormone, and that fol-
licle-stimulating hormone had a stronger association with
serum sclerostin than luteinizing hormone, particularly
in postmenopausal women [30]. In women with OPLL,
various complicated pathological factors such as levels of
serum leptin, estradiol, follicle-stimulating hormone and
luteinizing hormone may influence bone metabolism and
may contribute to the development of OPLL. Sclerostin has
little impact on bone metabolism in women with OPLL.

Relationships between ossification of the posterior
longitudinal ligament and bone turnover markers

Several studies report the relationships between OPLL
and bone turnover markers [31, 32]. Sugimori et al. [31]
reported that the concentrations of intact osteocalcin, osteo-
calcin, and carboxy-terminal propeptide of type I procol-
lagen (P1CP) were significantly higher in patients with cer-
vical OPLL alone than in patients with OPLL at multiple
spine levels. However, Ishihara et al. reported that there
were no significant differences in serum P1CP, osteocal-
cin, urinary levels of pyridinoline, and deoxypyridinoline
between persons with OPLL and age-matched members of
a control group [32]. Until now, the relationship between

OPLL and bone turnover markers is controversial. In our
study, serum PINP and TRACP-5b levels were significantly
lower in men with OPLL than in control-group members.
Compared with previous studies, our study focused on a
large sample of OPLL patients who were matched by age,
sex, and renal function with a control group. Furthermore,
we used bone turnover markers with less error of measure-
ment such as TRACP-5b.

There is a possibility that bone turnover markers
decrease secondary to elevation of serum sclerostin lev-
els in men with OPLL, but there were no significant dif-
ferences in other bone formation markers such as bone-
specific alkaline phosphatase and osteocalcin between the
two groups in this study. Data regarding sclerostin and
bone turnover markers were controversial and we could
not draw a conclusion. Gracia-Martin et al. [33] reported
serum sclerostin levels increased in type 2 diabetes melli-
tus and showed comparable results of bone turnover mark-
ers. In their study, only serum PINP and TRACP-5b lev-
els were significantly lower in person with type 2 diabetes
mellitus. They concluded that data regarding sclerostin and
bone turnover markers were controversial, and no clear
conclusions could be drawn. In this study, there is a pos-
sibility that bone metabolism in men with OPLL is partially
controlled independently of sclerostin, but it is easier to
understand that bone formation markers decrease second-
ary to elevation of serum sclerostin level. Szulc et al. [25]
speculated the feedback system between serum sclerostin
and bone turnover rate, i.e., lower bone turnover results in
a higher mass of mature osteocytes producing sclerostin,
which further decreases bone turnover. In male patients
with OPLL, higher bone mass induces the overproduction
of sclerostin which, in turn, may create a loop of decreased
bone turnover. Bone turnover markers were lower in men
with OPLL than in men in the control group. However,
there are fewer correlations between serum sclerostin levels
and bone turnover markers in men with OPLL.

Various factors such as type 2 diabetes mellitus and lev-
els of serum DKKI1 and PTH may contribute to the differ-
ence among various bone formation markers in men with
OPLL. The lack of correlation between serum sclerostin
levels and bone turnover markers may be mainly explained
by the underproduction of serum DKKI. Sclerostin is
expressed and secreted by osteocytes [17, 18], whereas
DKKI1 is widely expressed in embryonic mice and is
almost exclusively confined to both osteocytes and osteo-
blasts in adults [34]. The decreased osteoblast population
induced by the increased secretion of sclerostin may lead to
an overall decrease in DKK1 production [20]. In support of
this theory, we found a negative correlation between serum
sclerostin and DKKI1 levels (r = —0.356; P < 0.05) and a
strong negative correlation between serum sclerostin and
DKKI1 levels in men with OPLL (r = —0.506; P < 0.001)
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in our study. Recently, Van Lierop et al. reported that serum
DKKI1 levels were significantly higher in patients with both
sclerosteosis and van Buchem disease (which shows the
loss-of-function mutations in the SOST gene) compared to
levels in carriers of the two diseases individually and to lev-
els in healthy controls [35]. Their results in the population
with sclerosteosis and van Buchem disease are identical to
our results in men with OPLL. Decreased serum DKKI1
levels observed in men with OPLL represent an adap-
tive response to decreased bone formation characterizing
OPLL, although these decreased levels do not completely
compensate for the increased production of sclerostin.
Similarly, Viapiana et al. also reported an apparent discrep-
ancy between serum sclerostin and DKKI1 levels [22]. They
reported that patients with primary hyperparathyroidism
have significantly lower sclerostin and higher DKK1 lev-
els compared with healthy women after menopause.
Two recent studies investigated the relationship between
serum DKK1 and DISH [36, 37]; however, the role of
serum DKKI1 in patients with DISH remains controversial
because of the selection of appropriate control-group mem-
bers (regarding age and sex) and a small number of objec-
tive patients. Fifty percent of patients with DISH also have
OPLL [2], and OPLL is thought to be a subtype of DISH.
Our study suggests that changes in serum DKKI1 levels
observed in patients with DISH may represent an adaptive
response to changes in serum sclerostin levels.

Limitations

Our study had several potential limitations. First, because
this was a case—control study, we could not determine if
there is a causal relationship between serum Wnt/f antago-
nists and bone turnover markers. Further prospective stud-
ies are necessary to determine whether this correlation is
reflective of a causal relationship. Second, results were
for a single measurement instead of serial measurements,
so laboratory measurement errors could have affected the
accuracy of data. Third, it is unclear whether serum scle-
rostin and DKKI1 levels really reflect the status of these
Wnt/B antagonists in local bone lesions. Drake et al. [38]
reported that serum sclerostin levels correlate with scle-
rostin levels in human bone marrow, and that serum scle-
rostin levels reflect the status of sclerostin in local bone
lesions. However, there is evidence to the contrary showing
that changes in bone sclerostin levels vary independently of
changes in serum sclerostin levels in mice. OPLL is charac-
terized by local pathological ectopic OPLL of the spine, so
there is a possibility that changes in bone sclerostin levels
differ from changes in serum sclerostin levels. Fourth, the
sample size is relatively small in our control group and may
affect the statistical power of our study. In this study, there
were no significant indifferences in serum sclerostin levels
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between men and women in the control group. Fifth, TH-
BMD in all OPLL subjects was not measured, and could
not be measured due to the lack of OPLL subjects with no
neurological deficits. Almost half of OPLL subjects in this
study had a symptom of cervical or thoracic myelopathy
and had some kind of muscular weakness of lower limbs
or gait disturbance which affects TH-BMD data. Further
studies to assess the relationships between bone mass and
serum sclerostin levels are thought to be necessary using
OPLL subjects with no neurological deficits.

Conclusion

Bone and mineral metabolism in OPLL differs between
men and women. In men with OPLL, systemic secretion
of sclerostin increases with advancing age and with higher
bone mass, and sclerostin plays a critical role in bone and
mineral metabolism. Both sclerostin and DKK-1 have the
opposite effect in patients with OPLL, and higher serum
sclerostin levels are counterbalanced by underproduction of
DKKI. A clinical study has suggested that the development
of OPLL, as documented on radiographic images, slows
with advancing age [39]. As this study is cross-sectional,
further longitudinal studies are necessary to clarify the rela-
tionship between OPLL development and serum sclerostin
levels.
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