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Context: Animal models suggest that the osteoblast-stimulating actions of PTH are mediated by acute
suppression of sclerostin, an inhibitor of the anabolic Wnt pathway. The immediate physiological
changes in serum sclerostin in response to PTH infusion have not been reported in human studies.

Objective: We sought to determine the acute physiological effects of PTH infusion on serum
sclerostin and bone turnover markers in healthy adult men.

Design, Setting, and Participants: Fifty-three healthy adult men underwent an 18-h iv infusion of
human PTH(1-34) at a dose of 0.55 U/kg � h.

Outcomes: Serum levels of ionized calcium, sclerostin, and markers of bone formation (osteocalcin
and amino-terminal propeptide of type I procollagen) and bone resorption (C-telopeptide and
N-telopeptide) were obtained at 0, 6, 12, and 18 h.

Results: Serum ionized calcium, C-telopeptide, and N-telopeptide increased, and osteocalcin and
amino-terminal propeptide of type I procollagen fell linearly throughout the PTH infusion (P �

0.001 for all). Average � SEM sclerostin levels declined from 936 � 65 to 813 � 63 pg/ml at 6 h (P �

0.001) and remained stably suppressed for the duration of the PTH infusion. There were no sig-
nificant correlations between change in sclerostin and change in bone markers.

Conclusions: Serum sclerostin declined in response to acute PTH infusion within 6 h in healthy adult
men. The early plateau in sclerostin suppression may indicate that maximal stimulation of the Wnt
pathway is achieved quickly after exposure to PTH. Our findings support the hypothesis that PTH may
mediate its anabolic effects in part via suppression of sclerostin. (J Clin Endocrinol Metab 96:
E1848–E1851, 2011)

Parathyroid hormone (PTH) has both anabolic and cat-
abolic skeletal effects, although the molecular mecha-

nisms that underlie these functions are incompletely defined.
Moreover, the manner of PTH administration influences the
balance of the anabolic and catabolic effects in bone. Spe-
cifically, intermittent PTH administration leads to marked
increases in bone mass (1), whereas continuous exposure to
PTH is associated with low bone mass (2).

Recently, it has been proposed that sclerostin, an antag-
onist of the Wnt pathway, may mediate, at least in part, the
anabolic effects of PTH (3–8). Sclerostin is a 22.5-kDa se-
creted cysteine-knot protein encoded by SOST and is ex-

pressed almost exclusively in osteocytes (9). Sclerostin is a
negative regulatorofbone formation that inhibits the canon-
ical Wnt/�-catenin signaling pathway (10), and loss-of-func-
tion mutations in SOST lead to the clinical disorders of
sclerosteosis (OMIM 269500) and van Buchem’s disease
(OMIM 239100), both characterized by high bone mass
phenotypes.

Animal models of PTH administration suggest that
both intermittent administration and continuous infusion
suppress SOST expression (3, 4, 6). In human studies,
there are conflicting data on the effect of chronic inter-
mittent sc PTH therapy on serum sclerostin (11–13).
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However, the immediate physiological changes in scleros-
tin production in response to PTH infusion have not been
reported in human studies.

In this study, we sought to determine the acute physio-
logical effects of PTH infusion on serum sclerostin and bone
markers of formation and resorption in healthy adult men.

Subjects and Methods

Study subjects
Fifty-eight men between the ages of 20 and 45 yr were re-

cruited for a previously reported study (14). All men were
healthy, had no history of bone-modifying disorders, and were
not taking any drugs known to affect bone turnover markers.
The present analysis is restricted to 53 men for whom serum
samples were available. The study was approved by the Institu-
tional Review Board of Partners HealthCare Systems, and all
subjects provided written informed consent.

PTH infusion
Subjects were admitted to the Mallinckrodt General Clinical

Research Center for a 24-h iv infusion of human PTH(1-34)
(Bachem, Torrance, CA) at a dose of 0.55 U/kg � h. Whole-blood
ionized calcium levels and serum levels of sclerostin, N-telopep-
tide (NTX), C-telopeptide (CTX), osteocalcin (OC), and amino-
terminal propeptide of type I procollagen (P1NP) were measured
every 6 h during the PTH infusion. If blood ionized calcium levels
exceeded 1.50 mmol/liter, infusions were discontinued. Because
the ionized calcium levels exceeded 1.5 mmol/liter before the
24-h time point in a majority of subjects, only the markers drawn
at 0, 6, 12, and 18 h were measured.

Measurements
Serum sclerostin was measured using a sandwich ELISA (Bio-

medica Gruppe, Wien, Austria) with a detection limit of 200
pg/ml and intra- and interassay coefficients of variation of 4–6
and 5–7%, respectively. Serum NTX was measured using a com-
petitive inhibition enzyme immunoassay (Osteomark; Ostex In-
ternational, Seattle, WA) with a sensitivity of 1 nM bone collagen
equivalent and intra- and interassay coefficients of variation of
6 and 9%, respectively. Serum CTX was measured using a dou-
ble-antibody ELISA (Serum Crosslaps; Nordic Biosciences
Diagnostics A/S, Herlev, Denmark) with intra- and interas-
say coefficients of variation of 4.7 and 13.5%, respectively.
Serum OC was measured using a double-antibody immunora-
diometric assay (Nichols Institute, San Juan Capistrano, CA)
with a sensitivity of 0.5 ng/ml and intra- and interassay coeffi-
cients of variation of 2–4 and 3–6%, respectively. Serum P1NP
was measured using a RIA (Orion Diagnostica, Espoo, Finland)
with a sensitivity of 2 ng/ml and intra- and interassay coefficients
of variation of 5–14 and 2–3%, respectively.

Statistics
All data are summarized by mean � SEM unless otherwise

specified. Changes in ionized calcium, sclerostin, and bone turn-
over markers during PTH infusion were analyzed with repeated-
measures ANOVA. Relationships between variables of interest
were assessed with Pearson correlation. Analyses were per-

formed with SAS version 9.2 (SAS Institute Inc., Cary, NC).
Resulting values of P � 0.05 (two-sided) were considered sta-
tistically significant.

Results

The baseline clinical characteristics of the study subjects
were unremarkable (Table 1).

We observed linear changes in ionized calcium and
bone turnover markers during the 18-h PTH infusion (Fig.
1, A–C). As has been previously described (14), serum
markers of bone resorption increased linearly throughout
acute PTH infusion (at 0 and 18 h, CTX was 0.93 � 0.05
and 1.95 � 0.09 ng/ml, P � 0.001; NTX was 18.1 � 0.7
and 31.6 � 1.5 nmol/liter, P � 0.001). In contrast, serum
markers of bone formation declined linearly (at 0 and 18 h,
P1NP was 58.0 � 3.2 and 36.0 � 1.7 ng/ml, P � 0.001;
OC was 13.6 � 0.6 and 10.2 � 0.5 ng/ml, P � 0.001).

Serum sclerostin declined by 6 h in response to acute
PTH infusion (from 936 � 65 to 813 � 62 pg/ml, P �
0.001; Fig. 1D), and was maintained at a reduced level
throughout the duration of the infusion (P � 0.007). This
early plateau effect is in contrast to the linear changes
observed inbone turnovermarkers.Wedidnotobserveany
significant correlation between baseline sclerostin levels and
baseline bone formation or resorption markers. Further-
more, there was no association between change in sclerostin
levels and change in any of the bone turnover markers.

Discussion

Ever since its identification a decade ago, sclerostin has been
postulated to have several roles in the regulation of the skel-
eton. In this study, we found that serum sclerostin declines
acutely in response to PTH infusion in healthy adult men.
These results are consistent with the hypothesis that the an-
abolic actions of PTH may be in part mediated by sclerostin.

Several lines of evidence suggest that PTH plays an im-
portant role in regulating sclerostin. Transgenic mice ex-
pressing a constitutively active PTH-1 receptor exclusively
in osteocytes exhibit reduced expression of sclerostin and
increased Wnt signaling as well as increased bone mass

TABLE 1. Baseline characteristics

Mean � SD

n 53
Age (yr) 30 � 8
Weight (kg) 77 � 14
Calcium (mg/dl) 9.5 � 0.4
Creatinine (mg/dl) 1.0 � 0.1
Alkaline phosphatase (U/liter) 75 � 16
Testosterone (ng/dl) 478 � 156
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and bone remodeling (7). In vivo models of PTH(1-34)
and PTH(1–84) administration suggest that both inter-
mittent and continuous infusion suppress SOST mRNA
expression and greatly reduce sclerostin protein levels (3,
4, 6). Although a mouse model of continuous PTH infu-
sion suggested that SOST expression declines linearly over
40 h (3), we found in this clinical study that an early pla-
teau in serumsclerostin suppression is achieved in less than
6 h of PTH infusion. This difference may be due to dis-
crepancies in PTH-dosing equivalencies or may suggest
distinctions between sclerostin levels in the bone marrow
space vs. the circulation. Alternatively, the difference in
sclerostin’s response to PTH may reflect inherent differ-
ences in the mouse and the human.

In clinical studies of postmenopausal women, there are
conflicting data on the effect of intermittent sc PTH ther-
apy on serum sclerostin (11–13). One study found that
serum sclerostin levels decreased after 3 wk of teriparatide
[human PTH(1-34)] treatment (sclerostin was measured
4 h after teriparatide administration at baseline and 3 wk)
(11). Similar reductions were observed in marrow plasma
sclerostin levels that were obtained in a subset of women,
although the results were not statistically significant due to
an underpowered sample size (11). In contrast, two studies
of chronic teriparatide treatment did not find any signif-
icant change in serum sclerostin levels over 6- or 18-month
periods (12, 13). The differences between these studies
may lie in the measured time point; animal studies suggest
that intermittent PTH injections cause transient suppres-

sion in sclerostin expression, which na-
dirs at 4–6 h (3, 4). In at least one of the
studies showing no association (12), se-
rum sclerostin was measured only 24 h
after the last teriparatide injection. Our
study of continuous PTH infusion dem-
onstrates that acute exposure to PTH
leads to a rapid decline in sclerostin lev-
els. These findings are consistent with
the observation of reduced circulating
sclerostin levels in patients with chronic
elevations of PTH from primary hyper-
parathyroidism (15). Furthermore, our
results suggest that maximal stimulation
of the anabolic Wnt pathway via scleros-
tin suppression is achieved quickly after
exposure to PTH, whereas markers of
bone resorption continue to increase lin-
early over time. One possible hypothesis
is that intermittent teriparatide therapy
capitalizes on this early anabolic effect
while minimizing the sustained linear in-
creases in bone resorption seen with ei-
ther prolonged PTH administration or

primary hyperparathyroidism.
The mechanism by which PTH suppresses sclerostin is

an area of active investigation. Osteocyte-specific SOST
overexpression is able to overcome the high bone mass
phenotype seen in osteocyte-specific constitutively active
PTH-1 receptor, suggesting that sclerostin functions
downstream of PTH (8). It is postulated that PTH may
suppress sclerostin via inhibition of the myocyte enhancer
factor-2 (MEF2) transcription factors, which control the
SOST enhancer element. Mutations within this enhancer
element were initially identified as the defects responsible
for Van Buchem’s disease, a clinical disorder characterized
by low sclerostin levels and high bone mass (16). It was
subsequently found that the MEF2 response element lo-
cated within the enhancer is required to activate SOST
transcription (5). Furthermore, PTH greatly suppressed
the transcriptional activity of the SOST bone enhancer in
vitro, which appeared to be mediated by MEF2 transcrip-
tion factors (5). Additional in vivo and clinical studies are
required to determine whether PTH-induced bone forma-
tion is dependent on MEF2 transcription factors.

Several limitationsofthisstudydeservemention.Westud-
ied only men, and thus results cannot be generalized to
women.Wecannot ruleout thepossibility thatphysiological
diurnal variation in sclerostin levels may be impacting our
results during the PTH infusion. In addition, the infusion
model leads to PTH levels that exceed physiological levels or
those achieved with intermittent PTH treatment, and it is

FIG. 1. Changes in ionized calcium (A), CTX (B), P1NP (C), and sclerostin (D) during PTH
infusion. Ionized calcium and CTX increased linearly whereas P1NP decreased linearly during
PTH infusion (P � 0.001 for all). Sclerostin declined by 6 h and was maintained at a reduced
level throughout the infusion (P � 0.007).
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possible that sclerostin’s response may vary by dose. As has
been noted in previous studies (17–19), acute PTH infusion
led to short-term suppression of bone formation markers, in
contrast to primary hyperparathyroidism and chronic inter-
mittent PTH treatment. Although it is unclear how the bone
marker responsemaychangewithprolongedPTHexposure,
the finding of reduced sclerostin levels in primary hyperpara-
thyroidism (15) suggests that the declines in sclerostin that
we observed with 18 h infusion are likely sustained. Lastly,
our study relies on measurements of circulating sclerostin,
whereas sclerostin is thought to exert primarily paracrine
effects. Although circulating levels of sclerostin have been
strongly correlated with marrow plasma levels in other stud-
ies (11, 20), it is possible that peripheral levels are not sen-
sitive enough to detect changes that may be occurring at the
level of the bone.

Conclusions
In summary, we observed an acute and early decline in

serum sclerostin in response to PTH that was maintained
throughout a continuous infusion. Our data support the
hypothesis that PTH may mediate its anabolic effects in
part via suppression of sclerostin. Given the key role that
sclerostin plays in modulating bone formation, additional
studies should focus on better defining the interaction be-
tween PTH and sclerostin in bone metabolism.
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