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Cathepsin K in treatment monitoring following
intravenous zoledronic acid
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Abstract. Cathepsin K (CatK) is mainly expressed by osteo-
clasts and plays an important role in bone resorption. As CatK
is expressed and secreted by osteoclasts during active bone
resorption, it may be a useful and specific biochemical marker
of osteoclastic activity. Therefore, CatK serum levels were
studied for monitoring the treatment of females with post-
menopausal osteoporosis by zoledronic acid. The serum CatK
levels were determined in nine postmenopausal females before
and after 3, 6 and 12 months of treatment. The levels were
significantly reduced after 3 and 6 months (P<0.05), whereas
they returned to baseline after 1 year. Taken together, the serum
level of CatK may be suitable for monitoring anti-osteoporotic
therapy in association with treatment response.

Introduction

Osteoporosis is a systemic skeletal disease characterized by
low bone mass and a deterioration of trabecular microarchitec-
ture, resulting in an increase in bone fragility and a tendency
to fractures (1). Osteoporosis is standardly diagnosed via the
measurement of bone mineral density (BMD) by dual-energy
X-ray absorptiometry (DXA). The operational World Health
Organization definition of osteoporosis is based on a T-score
of <-2.5 (2). Bone turnover markers (BTM) do not establish
the diagnosis of osteoporosis. While DXA reflects changes in
BMD 1-2 years after anti-osteoporotic treatment, BTM levels
were altered after 3-6 months of therapy so they may provide
earlier information on the response to treatment (3-7). In the
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present study, the clinical potential of cathepsin K (CatK)
serum levels for monitoring the treatment of osteoporosis with
zoledronic acid is studied.

The prevalence of osteoporosis in Germany among
persons aged =50, as revealed by diagnoses of osteoporosis
or osteoporotic fractures, or by the prescription of medica-
tion for osteoporosis, was found to be 14% in the year 2009.
The gender-specific prevalence was 24% in women and 6%
in men (8).

CatK is mainly expressed in mature osteoclasts, cleaves
both helical and telopeptide regions of collagen I and is there-
fore essential for bone resorption (9). This cysteine protease
was first described by Inaoka et al (10). Deficiency of CatK
results in pyknodysostosis (Toulouse Lautrec syndrome), an
autosomal recessive osteosclerotic skeletal dysplasia with
impaired bone resorption, which is characterized by decreased
bone turnover and an accumulation of undigested collagen
fibrils (11). Saftig et al (12) showed that in CatK-deficient
mice impaired osteoclastic bone resorption leads to osteo-
petrosis. Due to the fact that CatK is expressed and secreted
by osteoclasts during active bone resorption, it may be a useful
and specific biochemical marker of osteoclastic activity.
Henriksen et al (13) postulated that circulating levels of CatK
are proportional to the number of osteoclasts, and thus can be
used as a surrogate marker of osteoclast number.

Materials and methods

Study subjects. In total, nine postmenopausal females
aged 62-75 years were included. Of these, seven females
could be monitored completely with DXA before and 1 year
after anti-osteoporotic therapy with intravenous infusion of
zoledronic acid, and furthermore, the levels of serum CatK
before and 3, 6 and 12 months after therapy could be assessed.
Two individuals had missing observations after 1 year. The
indication for anti-osteoporotic treatment was according to the
guidelines of the Dachverband Osteologie (DVO) by the lowest
T-score in DXA and associated risk factors (14). Surgery or
fracture <12 months, malignant tumor, ovariectomy and the
intake of drugs prior to the beginning of treatment, including
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cortisone, strontium, fluorides, bisphosphonates, selective
estrogen receptor modulators, estrogens and steroids, were
exclusion criteria.

Ethical approval. The study was conducted according to the
ethical guidelines of the Declaration of Helsinki as revised
in 1989 and approved by the Ethical Committee of the Otto
von Guericke University (91/08) and the German Office of
Radiation Protection in Salzgitter (no. Z5-22462/2-2009-022).

BMD measurements. All the female patients underwent bone
density measurements before and 1 year after treatment.
Radiographs of the spine were not performed, as there were
no references for vertebral fractures, such as back pain and
loss of height, in the medical history or examination. The
measurement of BMD was performed at the lumbar spine
(L1-L4), femoral neck and total hip with DXA as described
previously (15).

Laboratory. Serum parameters, according to the DVO guide-
lines, were examined to exclude secondary osteoporosis, and
furthermore, 25-(OH)-vitamin D. The serum samples were
aliquoted and stored at -80°C until analysis. The measurement
of CatK was performed before and 3, 6 and 12 months after the
beginning of treatment [ELISA; Biomedica, Wien, Austria;
intra-assay coefficient of variance (CV) 4-6%, inter-assay CV
6-8%, detection level 1.1 pmol/l] as described previously (15).

Anti-osteoporotic therapy. A total of 100 ml (5 mg) zoledronic
acid (Aclasta®; Novartis, Basel, Switzerland) was infused intra-
venously within 15 min. In all females, calcium-supplementing
was completed with 500 mg daily. Individually, a daily supple-
mentation of 400-2,000 U of vitamin D3 was carried out.

Statistical analysis. The statistical analyses were performed
with SPSS (version 21; SPSS, Inc., Chicago, IL, USA) using
non-parametric tests, as graphical inspection indicated devia-
tions from the normal distribution. Data for the BMD were
evaluated with the Wilcoxon signed rank test due to the small
random sample. The serum parameters with four time measure-
ments were analysed by Friedman test. The individual time
points were compared to the baseline value with the Wilcoxon
matched-pairs signed rank test. A two-sided P-value of 0.05
was set to be the level of significance and was considered to
indicate a statistically significant difference. Bonferroni adjust-
ment was performed to control for family-wise error rate. The
results are illustrated in median, minimum and maximum.

Results

CatK serum levels. Overall, no significant changes in the lowest
T-Score were observed 1 year after anti-osteoporotic treatment
(P=0.523). A significant improvement was only observed in the
lumbar spine (P=0.008). Serum CatK presented a significant
change over the four visits (P=0.003). In particular, there was
a significant decrease in the first 3 (P=0.023) and 6 months
(P=0.012) after the start of therapy. One year after the initia-
tion of treatment, the CatK levels almost reached the base level
(P=0.469) (Fig. 1). Individual serum CatK levels at 3, 6 and
12 months after antiresorptive therapy are shown in Fig. 2.
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Figure 1. Cathepsin K (pmol/l) levels in the course of one year for all females
(n=9). Boxplot representation for whole group (‘circles representing outliers).
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Figure 2. Individual courses of therapy and cathepsin K levels (pmol/l).

The strongest decrease in the majority of cases was observed
after 3 months. In one case, the decrease set on 6 months after
therapy was started, with low residual values. In the other
females the CatK serum levels increased after 1 year following
intravenous zoledronic acid.

Discussion

The study by Holzer et al (16) monitored serum CatK
concentrations of 18 patients for 14.25+11.57 months (range,
1-48 months) after the start of osteoporosis treatment (oral
bisphosphonate plus a combination of calcium and vitamin D).
Serum CatK concentrations clearly decreased (mean at initial
examination, 7.10+3.8 pmol/l; after treatment, 5.9+3.4 pmol/l),
but did not demonstrate significance (t=1.362, df=17, P=0.191).
Meier et al (17) examined longitudinally 21 females with
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postmenopausal osteoporosis and 10 patients with Paget's
disease of bone. All the patients started on oral (alendronate
or risedronate) or intravenous bisphosphonate (pamidronate or
zoledronate) treatment and were followed prospectively over
6 months. In postmenopausal osteoporotic females, oral and
intravenous bisphosphonate treatment resulted in a significant
reduction in serum CatK levels (P=0.03) with the majority of
the effect occurring after 1 month (mean % change, -33%).
In patients with mild Paget's disease, serum CatK levels
decreased during bisphosphonate treatment. The study by
Munoz-Torres et al (18) included 46 postmenopausal females
with osteoporosis, which were treated with oral bisphosphonate
(alendronat) plus calcium and vitamin D. The serum CatK levels
gradually decreased after alendronate treatment (17,22 and 41%
at 3, 6 and 12 months, respectively; P<0.01). According to the
current literature and the data of the present explorative analysis,
serum CatK appears to be a putative marker for monitoring
and controlling anti-osteoporotic treatment. The fast decrease
of serum levels in the majority of the study subjects, already
after 3 months, may provide early information on the response
to treatment. Future studies are required to explore whether
this information can be used for early allocation of patients to
different treatments.
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