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Context: The effect of teriparatide (TPD) on bone turnover is initially exuberant but then dimin-
ishes. TPD is thought to stimulate bone formation by down-regulating the expression of specific
Wnt antagonists, such as of sclerostin and Dickkopf-1 (DKK1).

Objective: Our objective was to determine whether long-term treatment with TPD is associated
with increasing serum levels of either sclerostin or DKK1.

Design and Setting: Ancillary observation was made of patients participating in a randomized
clinical trial.

Patients, Intervention, and Outcomes: Fifty-five women with postmenopausal osteoporosis were
randomly allocated to treatment for 18 months with either TPD 20 �g daily or placebo.

Results: In the TPD group, both N-propeptide of type I collagen and C-terminal telopeptide of type I
collagen rose significantly by 108 and 175% within the first 6 months. At month 18, the mean values
decreased significantly compared with month 12 (�10 and �12%, respectively), but they were still
significantly higher than baseline (�84 and 152%, respectively). Sclerostin remained stable over the
entirestudyperiodinbothgroups.DKK1didnotchangeduringthefirst6monthoftreatment,butonly
in the active group, it rose significantly at month 12 (median change �26.9%) and remained elevated
at month 18 (�29.7%), at the time when the pharmacological effect of treatment with TPD appeared
to be declining.

Conclusion: Long-term (�12 months) treatment with TPD is associated with an increase in serum
levels of DKK1 that might be associated with the appearance of declining effect on bone formation
markers. (J Clin Endocrinol Metab 96: 1555–1559, 2011)

The canonical Wnt signaling pathway regulates osteo-
blast differentiation and bone formation (1) by acti-

vating �-catenin. Activating mutations of Wnt corecep-
tors results in increased bone mass, whereas inhibition of
this pathway leads to reduced bone mass (2–5).

Specific Wnt antagonists such as sclerostin and Dick-
kopf-1 (DKK1) can block Wnt signaling and actions by
binding to Wnt, thus preventing interactions with its re-
ceptors and coreceptors (6–11).

Sclerostin is expressed exclusively by osteocytes. DKK1
expression is widespread in embryonic mice, whereas in

adults, it is almost exclusively confined to osteoblasts and
maturing osteocytes (12). Whereas reduced expression of
DKK1 in mice results in a high bone mass phenotype, in-
creased expression in transgenic mice leads to osteopenia
(12, 13).

In some pathological conditions, DKK1 is also ex-
pressed by other cells. In patients with multiple myeloma,
DKK1 is expressed in plasma cells, and its serum level is
positively correlated with the presence of bone lesions (14,
15). In addition, in myeloma patients responding to treat-
ment, DKK1 levels decrease (16).
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DKK1 was recently recognized as a key player in joint
damage of rheumatoid arthritis (17), whereas in ankylos-
ing spondylitis, the bone formation-promoting factors
functionally prevail, and this was at least partially attrib-
uted to decreased DKK1 (18).

Teriparatide (TPD, recombinant human PTH 1-34), a
PTH analog with bone-anabolic actions, has been ap-
proved for osteoporosis treatment. Its daily administra-
tion at a low dose stimulates bone formation before a
subsequent stimulation of the processes associated with
bone resorption. The window between these opposing ef-
fects of PTH is thought to represent the period when PTH
is maximally anabolic for bone (19, 20).

The ideal duration of TPD or PTH therapy remains an
open question. At the moment, the recommended dura-
tion of treatment with TPD is of only 2 yr because its safety
and efficacy have been evaluated over a mean of 22
months in the pivotal clinical trial in patients with severe
postmenopausal osteoporosis (21). Data from several re-
ports suggest that the effect of TPD on bone formation
markers is exuberant during the first 6–12 months of ad-
ministration and then begins to wane (22–27), even
though a plateau in bone mineral density (BMD) changes
cannot be clearly detected. A similar waning of bone for-
mation markers was observed in patients with glucocor-
ticoid-induced osteoporosis treated with TPD (28), but in
these patients, BMD continued to increase between 18 and
36 months, possibly because the net balance of bone for-
mation may still be greater than bone resorption (29).

Even though the exact signaling pathway responsible
for the anabolic effect of PTH is not known, the Wnt-�-
catenin pathway has generated interest due to a number of
observations. Expression of the Wnt antagonist sclerostin
is down-regulated by PTH (30), whereas suppression of
osteocytic Sost and sclerostin appears to be implicated in
PTH-induced bone gain (31). In addition, Guo et al. (32)
have recently observed that PTH rapidly decreases the ex-
pression of DKK1 on bone explants. Association of these

new findings might suggest that intermittent PTH treat-
ment may be related to or followed by adaptive changes in
the Wnt system by regulating bone formation.

The aim of our controlled prospective study was to eval-
uate the changes in serum bone turnover markers, DKK1,
and sclerostin levels during long-term treatment with TPD.

Subjects and Methods

Study population
The study population include 55 women with severe postmeno-

pausalosteoporosis, recruitedatourosteoporosis center. Forty-five
of these patients participated in multicenter, placebo-controlled in-
ternational trials on the efficacy of sc TPD 20 �g daily. The remain-
ing 10 patients were randomly assigned to treatment (seven pa-
tients) or a tablet of vitamin B1 as a placebo (three patients) with a
ratio of 2:1 in an independent study carried out only in our center.
All measurements and data were collected before the disclosure of
the treatment assignment. When treatment assignment was dis-
closed, it became evident that 20 patients had received the placebo,
and35hadreceivedTPDinjectionsdaily for18months.Allpatients
were given calcium (800–1000 mg/d) and vitamin D (800 U/d)
supplements.

Bloodwascollectedatbaselineandevery6monthsthereafter for
routine chemical analysis. Serum samples were stored at �50 C
until being assayed for N-propeptide of type I collagen (P1NP, a
marker of bone formation), C-terminal telopeptide of type I colla-
gen (CTX, a marker of bone resorption), DKK1, and sclerostin in
our laboratory.

The two bone turnover markers were measured by automated im-
munoassay with the ECLIA device from Roche Diagnostics, Monza,
Italy. The coefficients of variation (CV) (interassays) in our laboratory
were 5 and 8%, respectively. Serum DKK1 and sclerostin were mea-
sured by ELISA (Biomedica Medizinprodukte GmbH and Co. KG,
Wien, Austria) with a sensitivity of 0.89 and 0.39 pmol/liter and in-
traassay CV of 7–8 and 5–6%, respectively. The interassays were as-
sessed in four separate occasions in four serum samples, and the CV
was 8.2 and 6.9% for DKK1 and sclerostin, respectively.

Median absolute changes from baseline in bone turnover
markers within and between the two groups were compared
using the Student’s t test. Medians and interquartile ranges are
reported for percent changes that were compared by Mann-

TABLE 1. Demographics and baseline characteristics of randomized patients

Characteristic
Control group

(n � 20)
TPD group

(n � 35) P value
Age (yr) 64.5 � 4.1 66.3 � 6.2 NS
Height (cm) 157.45 � 4.55 154.80 � 6.83 NS
Weight (kg) 63.10 � 9.40 61.54 � 11.66 NS
Spine BMD (mg/cm2) 695 � 43 673 � 90 NS
Spine BMD T-score (SD) �3.2 � 0.4 �3.4 � 0.8 NS
Hip BMD (mg/cm2) 696 � 90 681 � 124 NS
Hip BMD T-score (SD) �1.9 � 0.7 �2.1 � 0.9 NS
P1NP (ng/ml) 41.27 � 12.97 40.90 � 19.72 NS
CTX (�g/liter) 0.52 � 0.16 0.46 � 0.22 NS
DKK1 (pmol/liter) 112.08 � 52.56 106.07 � 48.87 NS
Sclerostin (pmol/liter) 28.20 � 14.90 27.14 � 14.02 NS

NS, Not significant.
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Whitney U test. All statistical procedures were carried out using
a computer program (SPSS version 13.0; SPSS Inc., Chicago, IL).

The study was approved by the institutional review board of
the Medical School of Verona. All the women provided written
informed consent for participating in the trial and for all the new
measurements presented here.

Results

The main characteristics of the study population are listed
in Table 1. The TPD and placebo groups were comparable
for anthropometric and biochemical data at baseline. The
TPD group was a little older (66 vs. 64 yr old) and with
lower BMD values.

The mean absolute values for serum bone turnover
markers, DKK1, and sclerostin at all time points are
listed in Table 2. The percent changes were not normally
distributed, and therefore, they are shown in Fig. 1 as
median and 25 or 75% confidence interval. As ex-

pected, in TPD-treated patients, and not in those on
placebo, both P1NP and serum CTX rose significantly
by 112 and 170% within the first 6 months, respec-
tively. At month 18, the mean values had decreased
significantly with respect to month 12, but they were
still significantly higher than baseline values (Fig. 1).
Serum sclerostin remained stable over the entire study
period in both groups. Serum DKK1 did not change
during the first 6 month of treatment, but it rose sig-
nificantly in the active group at months 12 and 18, at the
same time when the pharmacological effect of TPD
treatment was appeared to be declining (Fig. 1).

Discussion

We found that TPD 20 �g/d was associated with a signif-
icant increase of serum DKK1, but not of serum sclerostin
after 12–18 months of treatment.

The results of a number of recent in
vitro studies (33–35) showed that PTH
might decrease the local concentrations
orsynthesisofbothDKK1andsclerostin,
suggesting that the bone-anabolic effect
ofPTHmayberelatedtoamodulationof
the Wnt signaling pathway, possibly ac-
countingfor theanabolicactionsofPTH.
Thus, the expected results would have
been a decrease of DKK1 or sclerostin
serum levels. The first serum sample was
available only at 6 months, and we can-
not exclude that an early transient de-
crease had taken place within the first
months of treatment. In fact, a recent
work showed that circulating sclerostin
levels are reducedbyshort-term intermit-
tent PTH therapy in postmenopausal
women (36).

FIG. 1. Percent changes (median and 25th or 75th percentile) from baseline of serum CTX,
P1NP, DKK1, and sclerostin in placebo group (dashed line) and in TPD group (solid line).
*, P � 0.01 from baseline; #, P � 0.01 vs. placebo; �, P � 0.01 from 12 months.

TABLE 2. Mean � SD absolute values for biochemical parameters at all time points of study

Treatment group Baseline 6 months 12 months 18 months
CTX (�g/liter)

TPD 0.46 � 0.22 1.23 � 0.83a 1.28 � 0.75a 1.09 � 0.63a,b

Control 0.52 � 0.16 0.44 � 0.24 0.42 � 0.19 0.41 � 0.17
P1NP (ng/ml)

TPD 40.90 � 19.72 85.15 � 40.33a 85.86 � 40.36a 74.55 � 35.63a,b

Control 41.27 � 12.97 40.67 � 13.93 40.98 � 14.59 40.90 � 15.02
DKK1 (pmol/liter)

TPD 106.07 � 48.87 110.82 � 55.19 132.43 � 67.32a 135.27 � 65.89a

Control 112.13 � 52.62 113.03 � 44.89 101.43 � 50.53 104.39 � 46.55
Sclerostin (pmol/liter)

TPD 27.14 � 14.02 31.15 � 16.11 30.35 � 14.99 28.30 � 12.25
Control 28.20 � 14.90 28.96 � 12.33 29.50 � 13.47 31.28 � 16.24

a P � 0.05 vs. baseline.
b P � 0.05 vs. 12 months.
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The increase that we observed in serum DKK1 is also of
some interest for its potential clinical implications. The
anabolic actions of PTH involve direct effects on osteo-
blast lineage cells and indirect effects through the regula-
tion of selected skeletal growth factors. IGF-I appears to be
the most important of these growth factors, whereas its
neutralization prevents the anabolic effect of PTH (37–
39). Our observations suggest that chronic stimulation of
the osteoblast lineage by PTH might trigger a homeostatic
reaction by down-regulating its anabolic effects through
an oversecretion of DKK1. This might explain the partial
decline in P1NP that we and others (23, 25, 26) had ob-
served during the second year of TPD treatment. The du-
ration of the pivotal clinical trial and also the recom-
mended duration of PTH or TPD treatment was limited to
2 yr. This was based exclusively on concerns for safety due
to the occurrence of osteosarcomas in rats after long-term
treatment. In some ways, this was a fortunate circumstance
because our results suggest that any further extension of the
clinical trial would have been associated with the appear-
ance of a progressive declining pharmacological effect on
bone formation markers. Thisdoesnot implyanullification
of the clinical benefits. Indeed, in postmenopausal women
with osteoporosis, increased duration of TPD vs. placebo
treatment was associated with a progressive decrease in the
rates of nonvertebral fragility fractures (40).

In conclusion, the results of this study indicate that
long-term (�12 months) treatment with TPD is associated
with significant increases in serum levels of DKK1 that
might be associated with its declining pharmacological
efficacy.

Acknowledgments

Address all correspondence and requests for reprints to: Adami
Silvano, University of Verona, Rheumatology Unit, Valeggio
Hospital, via Ospedale, Valeggio 37067, Verona, Italy. E-mail:
adami.silvano@univr.it.

Disclosure summary: None of the authors declare conflict of
interest.

References

1. Baron R, Rawadi G, Roman-Roman S 2006 Wnt signaling: a key
regulator of bone mass. Curr Top Dev Biol 76:103–127

2. Boyden LM, Mao J, Belsky J, Mitzner L, Farhi A, Mitnick MA, Wu
D, Insogna K, Lifton RP 2002 High bone density due to a mutation
in LDL-receptor-related protein 5. N Engl J Med 346:1513–1521

3. Gong Y, Slee RB, Fukai N, Rawadi G, Roman-Roman S, Reginato
AM, Wang H, Cundy T, Glorieux FH, Lev D, Zacharin M, Oexle K,
Marcelino J, Suwairi W, Heeger S, Sabatakos G, Apte S, Adkins WN,
Allgrove J, Arslan-Kirchner M, Batch JA, Beighton P, Black GC,
Boles RG, Boon LM, Borrone C, Brunner HG, Carle GF, Dallapi-

ccola B, De Paepe A, Floege B, Halfhide ML, Hall B, Hennekam RC,
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