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Clinical studies have revealed a blunting of the bone anabolic effects of parathyroid hormone treat-
ment in osteoporotic patients in the setting of pre- or cotreatment with the antiresorptive agent
alendronate (ALN). Sclerostin monoclonal antibody (Scl-Ab) is currently under clinical investigation as
anew potential anabolic therapy for postmenopausal osteoporosis. The purpose of these experiments
was to examine the influence of pretreatment or cotreatment with ALN on the bone anabolic actions
of Scl-Ab in ovariectomized (OVX) rats. Ten-month-old osteopenic OVX rats were treated with ALN or
vehicle for 6 wk, before the start of Scl-Ab treatment. ALN-pretreated OVXrats were switched to Scl-Ab
alone or to a combination of ALN and Scl-Ab for another 6 wk. Vehicle-pretreated OVX rats were
switched to Scl-Ab or continued on vehicle to serve as controls. Scl-Ab treatment increased areal bone
mineral density, volumetricbone mineral density, trabecular and cortical bone mass, and bone strength
similarly in OVX rats pretreated with ALN or vehicle. Serum osteocalcin and bone formation rate on
trabecular, endocortical, and periosteal surfaces responded similarly to Scl-Ab in ALN or vehicle-pre-
treated OVX rats. Furthermore, cotreatment with ALN did not have significant effects on the increased
bone formation, bone mass, and bone strength induced by Scl-Ab in the OVX rats that were pretreated
with ALN. These results indicate that the increases in bone formation, bone mass, and bone strength
with Scl-Ab treatment were not affected by pre- or cotreatment with ALN in OVX rats with established
osteopenia. (Endocrinology 152: 3312-3322, 2011)

for postmenopausal osteoporosis and fracture healing. In
healthy men and postmenopausal women, a single sc ad-
ministration of Scl-Ab increased several bone formation

Sclerostin, secreted primarily by osteocytes, is a key neg-
ative regulator of bone formation (1-6). Pharmacologic
inhibition of sclerostin using a sclerostin monoclonal anti-

body (Scl-Ab) has been shown to increase bone formation,
bone mass, and bone strength in several rodent models of
osteopenia (7-10) and in gonad-intact, nonhuman primates
(11). Scl-Ab treatment stimulates bone formation on trabec-
ular, endocortical (Ec.), and periosteal surfaces (Ps.) in rats
(7-9) and nonhuman primates (11). Scl-Ab is currently un-
der clinical investigation as a potential anabolic therapy
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markers and decreased the bone resorption marker, serum
C-terminal telopeptide of type I collagen (CTx-1), leading
to increases in bone mineral density (BMD) (12).

The changes in serum biomarkers induced by Scl-Ab
differ from those reported for human parathyroid hor-
mone (PTH) (1-34). In humans, PTH increased both bone
formation and bone resorption markers (13). Because

* Deceased author.

Abbreviations: ALN, Alendronate; BFR, bone formation rate; BMD, bone mineral density;
BS, bone surface; BV/TV, bone volume fraction; uCT, micro-computed tomography; CTx-1,
C-terminal telopeptide of type | collagen; Ec., endocortical; LV5, 5th lumbar vertebra; MAR,
mineral apposition rate; MS/BS, mineralizing surface; Oc.S/BS, osteoclast surface; OVX,
ovariectomized; Ps., periosteal; PTH, parathyroid hormone; Scl-Ab, sclerostin monoclonal
antibody; sham, sham operated; TRACP 5b, tartrate-resistant acid phosphatase form 5b;
VvBMD, volumetric BMD.
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PTH stimulates both bone formation and bone resorption,
it was hypothesized that its bone mass-building effects
might be enhanced when combined with a bone resorption
inhibitor. However, clinical studies have revealed that co-
treatment with the bisphosphonate alendronate (ALN) re-
duced the anabolic response to PTH treatment in both
postmenopausal women and elderly osteoporotic men
(14-17). The dependence of this anabolic response on
bone resorption may be related to the finding in human
biopsies that PTH increases bone formation primarily as
part of the bone remodeling cycle (18-20).

Bisphosphonates are widely used as pharmacotherapy
for postmenopausal osteoporosis, glucocorticoid-induced
osteoporosis, and male osteoporosis (13-15). Despite the
positive effects of bisphosphonates on BMD and fracture
risk, many bisphosphonate-treated patients may be con-
sidered for anabolic treatment if they are severely osteo-
porotic or have failed prior therapy (21). Therefore, the
effects of PTH have also been examined in patients with
prior bisphosphonate treatment. These results demon-
strated that the PTH-mediated increases in BMD were lower
in ALN-treated patients than treatment-naive patients (22).
Furthermore, this anabolic-blunting effect was reflected at
the tissue level with lower bone formation rate (BFR) values
in iliac crest biopsies from ALN-treated patients compared
with treatment-naive patients after 1 month of PTH treat-
ment (23). These results were consistent with the observed
blunting effects of combination therapy and the fact that
continued suppression of bone resorption was evident years
after ALN discontinuation (24).

In contrast, Scl-Ab markedly stimulated bone forma-
tion on the quiescent surface of trabecular bone in ovari-
ectomized (OVX) rats and nonhuman primates, suggest-
ing that the bone anabolic activities of Scl-Ab may be
independent of bone resorption (25, 26). Therefore, we
hypothesized that the bone anabolic activity of a Scl-Ab
would not be reduced by either pretreatment or cotreat-
ment with ALN and investigated the hypothesis in a rat
model of postmenopausal osteoporosis.

Materials and Methods

Study design

Six- and one-half-month-old virgin female Sprague Dawley
rats (Harlan, Indianapolis, IN) were sham operated (Sham) or
OVX and left untreated for 3.5 months, allowing for the devel-
opment of osteopenia. The rats were then subjected to two 6-wk
treatment phases. The first treatment phase included vehicle or
ALN treatment (Table 1). During the first treatment phase, sham
rats were injected sc with vehicle (saline) and OVX rats were
injected sc with either vehicle or ALN (28 ug/kg, twice weekly)
for 6 wk. A subset of ALN-treated OVX rats, vehicle-treated
OVX rats, and sham rats was necropsied at the end of the 6-wk
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TABLE 1. Experimental design

Groups (n = 10) First 6 wk Second 6 wk
Sham-Vehicle Vehicle N/A
OVX-Vehicle Vehicle N/A
OVX-ALN ALN N/A
Sham-Vehicle/Vehicle Vehicle Vehicle
OVX-Vehicle/Vehicle Vehicle Vehicle
OVX-Vehicle/Scl-Ab Vehicle Scl-Ab
OVX-ALN/Scl-Ab ALN Scl-Ab
OVX-ALN/ALN + Scl-Ab ALN ALN + Scl-Ab

During the first 6 wk, sham or OVX rats were treated with saline
(vehicle) or ALN (28 ngrkg, sc, twice weekly) for 6 wk. After 6 wk of
treatment, these rats were either necropsied or continued in the
second 6 wk. During the second 6 wk, rats were given vehicle, a Scl-
Ab (25 mg/kg, sc, once weekly), or ALN in combination with Scl-Ab.
N/A, Not applicable.

period (n = 10 per group). During the second treatment phase
from wk 6 to 12, vehicle-treated sham rats were continued on
vehicle (n = 10), whereas vehicle-treated OVX rats were either
continued on vehicle or switched to a Scl-Ab specifically designed
for rat studies (Scl-AblIl; 25 mg/kg, sc, once weekly) (n = 10 per
group). ALN-treated OVX rats were given either Scl-Ab alone or
Scl-Ab plus ALN (n = 10 per group). The doses of Scl-Ab and
ALN were the same as described above. Animals from the second
treatment phase were necropsied at the end of wk 12. All animals
were housed in filter-top cages with food and water ad libitum on
a 12-h light, 12-h dark cycle. The protocol and procedures were
approved by the Institutional Animal Care and Use Committee
of Amgen, Inc.

Body weights were recorded, and areal BMD was determined
in vivo by dual-energy x-ray absorptiometry (Hologic QDR
4500a;Hologic, Bedford, MA) before the initiation of treatment.
These measurements were used to assign rats to groups, so that
all groups had similar body weights and BMD values before the
start of treatment. BMD was monitored after 3, 6, 9, and 12 wk
of treatment. Morning blood samples were collected after rats
were fasted overnight after 0, 3, 6, 9, and 12 wk of treatment.
Rats were injected sc with calcein (10 mg/kg) at 14,13,4,and 3 d
before necropsy. At necropsy, the third lumbar vertebra and the
right tibia were collected from each rat for dynamic histomor-
phometry, and the Sth lumbar vertebra (LVS5) was collected for
micro-computed tomography (uwCT) and biomechanical analy-
sis. One rat in the sham group died after wk 6 and was excluded
from the data analysis.

Bone densitometry

Areal BMD was determined iz vivo in isoflurane-anesthetized
rats by dual-energy x-ray absorptiometry as described previously
(27). The regions of interest included the lumbar vertebrae (LV1-
LVS) and the femur-tibia (entire femur and the proximal half of
the tibia). Longitudinal BMD data are only reported for the rats
that were necropsied at wk 12.

Serum osteocalcin, CTx-1, and tartrate-resistant
acid phosphatase form 5b (TRACP 5b)

Rats were fasted overnight before morning blood collection.
At 48 h after each dose of Scl-Ab, rats were warmed for 10-135
min, and whole blood (0.7 ml) was collected from the tail vein
into a serum separator tube (Microtainer; Becton Dickinson,
Franklin Lakes, NJ). Serum osteocalcin was measured using a rat
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Osteocalcin single plex LINCOplex kit (RBN-31K-10C; Milli-
pore; St. Charles, MO). The serum CTx-1 was measured using a
commercially available enzyme immunoassay kit (IDS, Fountain
Hills, AZ). TRACP 5b was measured using a rat ELISA kit (IDS).
Longitudinal biomarker data are only reported for the rats nec-
ropsied at wk 12.

pCT analysis

Volumetric bone mineral content, volumetric BMD (vBMD),
and microarchitecture of the LVS body were examined using a
desktop wCT system (GE eXplore Locus SP; GE Healthcare,
Schenectady, NY) as described previously (28). The whole, tra-
becular, and cortical regions within the central 70% of the LV5
(reconstructed to 18-um voxel size) were examined using a
threshold of 550 mg HA/cm?®.

Bone histomorphometric analysis

Undecalcified parasagittal 4-um-thick sections of the third
lumbar vertebral bodies and 6-um-thick transverse sections of
tibia at the tibiofibular junction were prepared as described pre-
viously (7). Vertebral body sections were either stained with
modified Goldner’s Trichrome for analysis of static parameters
or left unstained for collection of fluorochrome-based data. Tib-
ial shaft sections were left unstained for collection of both flu-
orochrome-based and static parameter data. Histomorphomet-
ric analyses were made using Osteomeasure bone analysis
software (Osteometrics, Inc., Decatur, GA). The region of inter-
est for lumbar vertebral body trabecular bone included all tra-
becular bone within the parasagittal section. Static and dynamic
parameters were calculated and expressed according to pub-
lished methods (29, 30).

Bone strength testing

A 4-mm vertebral body specimen with parallel ends was pre-
pared from the LVS using a diamond wire saw (Well Diamond
Wire Saws, Inc., Norcross, GA) and compressed to failure at a
rate of 3 mm/min using an MTS 858 Mini Bionix servohydraulic
system (MTS Systems, Corp., Eden Prairie, MN). Maximum
load, stiffness, and energy to maximum load were generated
from the load-deformation curves. One rat was excluded from
data analysis in the sham group necropsied at wk 6 due to un-
usual load-displacement curve.

Statistics

All results were expressed as the mean = SEM. Data were
evaluated at individual time points by one-way ANOVA fol-
lowed by the Tukey-Kramer post hoc test, using GraphPad Prism
software (version 5.01; GraphPad Software, Inc., San Diego,
CA). A P value of less than 0.05 was used to identify significant
differences between any two groups. For the serum osteocalcin
data, the absolute changes from wk 6 to 9 in the Scl-Ab treatment
groups were further compared as described above.

Results

Areal BMD
Osteopenia was evident at both the lumbar vertebrae
and femur-tibia sites in OVX rats compared with age-
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matched sham controls before the initiation of treat-
ment (Fig. 1, A and B). During the first 6 wk of treat-
ment, minor loss of BMD was observed at the lumbar
vertebrae but not at the femur-tibia in the OVX-vehicle
groups. ALN treatment did not have a significant effect
on areal BMD at either site when compared with vehi-
cle-treated OVX rats (Fig. 1, A and B). Similar changes
were observed in the groups necropsied at wk 6 (data
not shown).

During the second 6 wk of treatment, no additional
decreases in BMD were observed at either site in the OVX-
Vehicle/Vehicle group. Weekly Scl-Ab treatment, whether
in vehicle- or ALN-pretreated OVX rats, or in combina-
tion with ALN in ALN-pretreated OVX rats, significantly
increased areal BMD at both sites after 3 wk and restored
BMD to levels similar to the sham group at both sites by
6 wk. There were no significant differences in BMD at
either site among the three Scl-Ab-treated OVX groups.
Additionally, Scl-Ab treatment had no effect on body
weight or uterine weight (data not shown). OVX rats had
significantly greater body weight but lower uterine weight
than sham controls at the end of the study (data not
shown).

Serum TRACP 5b, CTx-1, and osteocalcin

There was no significant difference in TRACP 5b be-
tween the sham and OVX groups before the initiation of
treatment (Fig. 1C). Serum osteocalcin tended to be ele-
vated in the OVX rats compared with sham control rats
throughout the first 9 wk of the treatment period (Fig. 1D).
Serum TRACP 5b or osteocalcin did not differ signifi-
cantly among the four OVX groups before the initiation of
treatment.

ALN treatment significantly decreased serum TRACP
5b and osteocalcin at wk 3 and 6 compared with the OVX
controls (Fig. 1, C and D). Serum TRACP 5b or osteocal-
cinatwk 6 in ALN-treated OVX rats was about half of the
corresponding OVX-vehicle values. ALN tended to de-
crease serum CTx-1, but no significant difference was ob-
served between ALN-treated groups and OVX controls
(data not shown).

Serum TRACP 5b in the Vehicle/Scl-Ab transition
group was significantly lower than the OVX controls at
wk 12. Serum TRACP 5b remained significantly lower
than OVX controls in the ALN/Scl-Ab or ALN/ALN +
Scl-Ab groups after transition to Scl-Ab. There were no
significant differences in serum TRACP 5b among the
three groups treated with Scl-Ab. There were no signifi-
cant effects of Scl-Ab treatment on CTx-1 at wk 9 and 12
(data not shown). After initiation of Scl-Ab dosing, the
absolute increases in osteocalcin from wk 6 to 9 were
similar in the three Scl-Ab treatment groups (Vehicle/Scl-
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FIG. 1. Areal BMD and biochemical markers of bone turnover for the rats completing 12 wk of treatment. A, Areal BMD at lumbar spine. B, Areal
BMD at femur-tibia. C, Serum TRACP 5b. D, Serum osteocalcin. BL, Baseline. Arrow indicates the time of switching the treatment from vehicle to
Scl-Ab (Vehicle/Scl-Ab), ALN to Scl-Ab (ALN/Scl-Ab), or ALN to ALN + Scl-Ab (ALN/ALN + Scl-Ab). Data are expressed as the mean * sem for n =
10 per group with the exception of the sham group (n = 9). a, P < 0.05 compared with the age-matched sham group; b, P < 0.05 compared
with the age-matched OVX + vehicle group; ¢, P < 0.05 compared with the OVX-Vehicle/Scl-Ab group.

Ab, 56.5 * 6 ng/ml; ALN/Scl-Ab, 56.0 = 6 ng/ml; ALN/
ALN + Scl-Ab, 51.9 = 3 ng/ml; P = 0.8 by ANOVA) (Fig.
1D). At wk 9 (3 wk after transition to Scl-Ab), total serum
osteocalcin was significantly lower in the ALN-pretreated
groups compared with the vehicle-pretreated group. This
is likely due to the existing lower level of total serum os-
teocalcin induced by treatment with ALN at wk 6, before
transition to Scl-Ab. From wk 9 to 12, serum osteocalcin
declined in all OVX groups, with similar means among the
Scl-Ab-treated groups at levels which tended to be greater
than OVX-vehicle controls.

pCT analysis

Figure 2A shows the representative cross-sectional
uCT images of the LVS body, selected based on each
group’s median value for trabecular bone volume fraction
(BV/TV) in the rats treated for 12 wk. Greater trabecular
and cortical thickness is visible in all three groups treated
with Scl-Ab.

wCT analysis confirmed that vehicle-treated OVX rats
had significantly lower vBMD, cortical thickness, trabec-
ular BV/TV, and trabecular thickness compared with the
age-matched sham controls (Fig. 2, B-E) after the first 6

wk of treatment. The ALN-treated OVX group had sig-
nificantly greater vBMD and trabecular BV/TV than ve-
hicle-treated OVX controls but significantly lower vBMD
and trabecular BV/TV compared with sham controls (Fig.
2, B and D). Trabecular number was significantly greater
in the ALN-treated OVX group compared with vehicle-
treated OVX controls (data not shown). Six weeks of ALN
treatment had no significant effect on cortical and trabec-
ular thickness (Fig. 2, C and E).

After 12 wk of treatment, the significant differences
in vBMD, cortical thickness, trabecular BV/TV, and tra-
becular thickness between sham and OVX controls per-
sisted. In the Vehicle/Scl-Ab transition group, Scl-Ab
treatment significantly increased vBMD, trabecular BV/
TV, cortical thickness, and trabecular thickness to lev-
els similar to or above sham controls. Similar increases
in vBMD, BV/TV, cortical thickness, and trabecular
thickness were observed in the ALN/Scl-Ab and ALN/
ALN + Scl-Ab groups. Trabecular number was signif-
icantly greater in ALN/ALN + Scl-Ab group compared
with vehicle-treated OVX controls (data not shown),
but there were no other significant differences among
the groups (data not shown).
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FIG. 2. Representative wCT images and selective uCT parameters of the LV5 body. A, Representative cross-sectional three-dimensional images of
the LV5 body from each of the five groups treated for 12 wk. VEH, Vehicle. The images were selected based on each group’s median value for
BV/TV. A central 1-mm region was rendered for clarity. Greater trabecular and cortical thickness are visible in all three groups treated with Scl-Ab.
B, vBMD of the LV5 body. C, Cortical thickness. D, Trabecular BV/TV. E, Trabecular thickness. Data represent mean = sem for 10 rats per group
with the exception of the sham group (n = 9) taken down at wk 12. a, P < 0.05 compared with the respective sham control group; b, P < 0.05
compared with the respective OVX control group. The first three groups represent the rats taken down after 6 wk of treatment, and the five

additional groups represent the rats taken down after 12 wk of treatment.

Histomorphometric analysis

Trabecular bone at the 3rd lumbar vertebral body

Static histomorphometric analysis confirmed that
BV/TV and trabecular thickness were significantly higher
in the Vehicle/Scl-Ab, ALN/Scl-Ab, and ALN/ALN +
Scl-Ab groups than in vehicle-treated OVX controls at the
end of the study (data not shown).

At wk 6, OVX rats had significantly greater mineral-
izing surface (MS/BS) and BFR/BS as compared with sham
controls (Fig. 3, A and C). In OVX rats treated with ALN,
significant decreases in MS/BS (—56%), mineral apposi-

tion rate (MAR) (—=21%), and BFR/BS (—65%) were
found when compared with vehicle-treated OVX rats (Fig.
3, A-C).

At wk 12, the difference in MS/BS and BFR/BS between
sham and OVX controls was no longer significant. MAR
was significantly greater in vehicle-treated OVX rats com-
pared with sham controls. As expected, significant in-
creases in MS/BS (+48%), MAR (+11%), and BFR/BS
(+65%) were observed in the Vehicle/Scl-Ab transition
group, compared with OVX-vehicle controls. Similar in-
creases over OVX controls were observed in these param-
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FIG. 3. Dynamic histomorphometric parameters at trabecular bone of 3rd lumbar vertebral body. A, MS/BS. B, MAR. C, BFR/BS. Data represent
mean = sem for 10 rats per group with the exception of the sham group (n = 9) taken down at wk 12. a, P < 0.05 compared with the respective
sham control group; b, P < 0.05 compared with the respective OVX control group. The first three groups represent the rats taken down after 6
wk of treatment, and the five additional groups represent the rats taken down after 12 wk of treatment.

eters in the ALN/Scl-Ab and ALN/ALN + Scl-Ab groups,
with no significant differences found among the three Scl-
Ab-treated groups. Osteoclast surface (Oc.S/BS) was sim-
ilar in all three groups that received Scl-Ab and, in no case,
differed from the values in vehicle-treated OVX rats.
Mean * sem of Oc.S/BS (%) was 0.54 + 0.07,0.61 = 0.03,
and 0.66 = 0.05, in the Vehicle/Scl-Ab, ALN/Scl-Ab, and
ALN/ALN + Scl-Ab groups, respectively, whereas it was
0.42 + 0.04 in vehicle-treated OVX rats (all P > 0.05 vs.
OVX-vehicle/vehicle).

Cortical bone at the tibial shaft

OVX rats had significantly greater Ec. MS/BS and
BFR/BS and nonsignificantly greater MAR than sham
controls (Fig. 4, A-C) at wk 6. Six weeks of ALN treatment
did not significantly change dynamic bone formation pa-
rameters on the Ec surface in OVX rats. Vehicle-treated
OVX rats had slightly greater percent marrow cavity area
than sham controls (Fig. 4D). ALN-treated OVX rats had
significantly greater percent marrow cavity area than

sham controls, likely reflecting the difference in original
bone size between these two groups.

At wk 12, vehicle-treated OVX rats had significantly
greater Ec. MS/BS and Ec. MAR and nonsignificantly greater
BFR/BS than sham controls. These changes were associated
with significantly greater percent marrow cavity area in vehicle-
treated OVX rats as compared with age-matched sham controls
(Fig. 4D). Similar to the findings from the dynamic histomor-
phometric analysis in trabecular bone of the vertebral body,
significant and similar increases in Ec. MS/BS, MAR, and
BFR/BS were found in all three groups that received Scl-Ab com-
pared with OVX controls (Fig. 4, A-C). These changes were
associated with significantly decreased percent marrow cavity
area in all three groups that received Scl-Ab compared with
vehicle-treated OVX rats (Fig. 4D). The percent marrow cavity
area in the three Scl-Ab-treated groups was similar to that of
sham controls (P > 0.05 vs. sham).

At wk 6, there were no significant differences in Ps.
MS/BS, MAR, BFR/BS (Fig. 4, E-G), and cross-sectional
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FIG. 4. Bone histomorphometric parameters at the Ec. and Ps. surface of the tibial shaft. A, Ec. MS/BS. B, Ec. MAR. C, Ec. BFR/BS. D, Percent
marrow area. E, Ps. MS/BS. F, Ps. MAR. G, Ps. BFR/BS. H, Percent cortical area. Data represent mean =+ sem for 10 rats per group with the
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exception of the sham group (n = 9) taken down at wk 12. a, P < 0.05 compared with the respective sham control group; b, P < 0.05 compared
with the respective OVX control group. The first three groups represent the rats taken down after 6 wk of treatment, and the five additional
groups represent the rats taken down after 12 wk of treatment.

observed in all three Scl-Ab groups compared with OVX
controls. Consistent with findings in bone formation pa-
rameters, significant and similar increases in percent cor-

area (data not shown) among the sham and OVX controls
and the ALN-treated OVX groups. At wk 12, significant
and similar increases in MS/BS, MAR, and BFR/BS were
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tical area were observed in all three Scl-Ab groups com-
pared with OVX controls (Fig. 4H). There was no
significant difference in cross-sectional area between the
Vehicle/Scl-Ab, ALN/Scl-Ab, or ALN/ALN + Scl-Ab
groups and OVX controls. However, the Vehicle/Scl-Ab
group had significantly greater cross-sectional area than
sham controls (data not shown).

Bone strength testing of the LV5

Destructive compression testing of the LV5 demon-
strated that there were significant decreases in maximum
load in the OVX-vehicle group when compared with sham
controls at wk 6 (Fig. 5, A and B). ALN treatment alone
had no significant effect on maximum load, stiffness, and
energy to failure in OVX rats (Fig. 5, A-C).

At wk 12, the significant difference in maximum load
persisted between sham and OVX controls. In addition,
energy to failure was significantly lower in OVX rats com-
pared with sham controls. In contrast, maximum load and
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stiffness in the three Scl-Ab groups were restored to equal
levels that were significantly greater than those of both the
OVX and sham controls (Fig. 5, A-C). Energy to failure in
the three Scl-Ab groups was significantly greater than the
OVX controls. No significant differences in maximum
load, stiffness, and energy to failure were observed among
the three groups that received Scl-Ab.

Discussion

Antiresorptive agents are commonly used to treat patients
with osteoporosis. When additional increases in bone
mass are required to further reduce fracture risk in these
patients, bone anabolic agents may be considered as
add-on or replacement therapy. The main purpose of the
experiment described here was to investigate the effects of
sclerostin inhibition alone or in combination with ALN on
bone mass and bone formation in osteopenic OVX rats
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FIG. 5. Extrinsic bone strength parameters for the LV5. Vertebrae were obtained at the end of the treatment and tested to failure via a
compression test. A, Maximum load. B, Stiffness. C, Energy to maximum load. Data represent mean = sem for 10 rats per group with the
exception of the sham group (n = 9) taken down at wk 6 and the sham group (n = 9) taken down at wk 12. a, P < 0.05 compared with the
respective sham control group; b, P < 0.05 compared with the respective OVX control group. The first three groups represent the rats taken down
after 6 wk of treatment, and the five additional groups represent the rats taken down after 12 wk of treatment.
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pretreated with ALN. The current rat experiment was in-
tended to be a model for individuals with both estrogen
deficiency-induced osteopenia and prior exposure to
ALN. The dose of ALN in this study was the same as
previously reported by others to fully inhibit loss of bone
inthe newly OVX adultrat (31-33). We found that weekly
Scl-Ab treatment had similar anabolic effects in increasing
bone formation, bone mass, and bone strength when ad-
ministered either to OVX rats pretreated with vehicle or to
OVX rats pretreated with ALN. Moreover, cotreatment
with ALN had no significant effect on the ability of Scl-Ab
toincrease bone formation, bone mass, and bone strength.
Within 6 wk, Scl-Ab treatment increased areal BMD at the
lumbar vertebrae and femur-tibia regions to levels that
matched or surpassed those in age-matched sham rats. As
evidence that these bone mass rises were associated with
increases in bone formation activity, Scl-Ab treatment not
only increased serum osteocalcin but also increased key
dynamic bone formation indices (MS/BS, MAR, and BFR/
BS) at both trabecular surfaces and Ps. and Ec. surfaces of
cortical bone similarly, in all treated groups. In all cases,
the Scl-Ab-related increases in trabecular bone volume
were associated with increased trabecular thickness, con-
sistent with previous work with a Scl-Ab (7, 8). Although
bone formation, bone mass, and bone strength were sim-
ilar between the Scl-Ab alone group and the Scl-Ab in
combination with ALN groups in this study, Scl-Ab in
combination with an antiresorptive agent may offer an
advantage over Scl-Ab alone, after discontinuation of
treatment. This could be a topic of future investigation.
These experiments may also provide insight into the
tissue level mechanisms by which Scl-Ab increases bone
mass. The framework proposed for PTH, a bone anabolic
agent, may be useful. PTH appears to exert its anabolic
effects in the adult skeleton through two modes, one that
increases bone formation without prior activation of re-
sorption (modeling-based bone formation) (34-37) and a
second that requires prior activation of resorption to in-
crease bone formation, increasing the trabecular remod-
eling rate, and simultaneously creating positive bone bal-
ance at the bone multicellular level (remodeling-based
bone formation) (38-40). Histology studies revealed that
the majority of the anabolic effect of PTH treatment oc-
curred on the remodeling-based bone forming surfaces in
postmenopausal women (18-20). If the action of PTH is
dependent on remodeling-based bone formation, then an
antiremodeling agent like ALN may inhibit some of its
anabolic action. In fact, this anabolic-blunting effect was
reflected at the tissue level in lower BFR values in iliac crest
biopsies from ALN-treated patients compared with treat-
ment-naive patients after 1 month of PTH treatment (23).
The majority of small animal experiments indicated that

Endocrinology, September 2011, 152(9):3312-3322

cotreatment or prior treatment with bisphosphonates in-
hibited the ability of PTH to stimulate dynamic bone for-
mation parameters in trabecular bone, despite a reason-
able response in bone mass (41-44). These rodent data
were consistent with human data that suggested a blunting
effect of ALN treatment on PTH actions (14-17). How-
ever, a separate report has indicated that prior treatment
with bisphosphonates had little effect on the response of
bone formation to PTH treatment in OVX rats (33).

The current results in osteopenic, OVX rats, which
demonstrate that Scl-Ab worked equally well in the pres-
ence or absence of efficacious doses of ALN, suggest that
the anabolic effect of a Scl-Ab in OVX rats acts primarily
through modeling-based bone formation. We have previ-
ously observed marked stimulation of bone formation on
the quiescent surface of trabecular bone in Scl-Ab-treated
OVX rats and nonhuman primates, indicating bone ana-
bolic activities of Scl-Ab do not depend upon bone resorp-
tion (25, 26). These data provided supporting evidence for
the current study. Whether these results will translate into
humans will be the topic of future investigation.

The increase in anabolic activity with Scl-Ab was not
associated with increases in the bone resorption marker,
serum CTx-1, or in trabecular Oc.S/BS. Serum TRACP 5b,
a marker of osteoclast number, was significantly lower in
the Scl-Ab-treated group compared with vehicle-treated
OVX controls. These results were supported by earlier
studies of Scl-Ab administration in aged OVX rats, gonad-
intact aged male rats, and gonad-intact female monkeys
(7, 8, 11). A single administration of various doses of
Scl-Ab was associated with dose-related increases in bone
formation markers and decreases in serum CTx-1 in
healthy men and postmenopausal women (12). These re-
sults point to a need for further investigation of the effect
of Scl-Ab on bone resorption.

Despite similar BFR/BS among the three Scl-Ab groups
on both trabecular and cortical surfaces, serum osteocal-
cin was significantly higher at wk 9 in the Vehicle/Scl-Ab
group compared with the ALN/Scl-Ab group. The differ-
ence observed between these groups at wk 9 is equal to the
difference between vehicle and ALN-treated groups at wk
3 or 6, likely reflecting the inhibition of ALN on bone
formation before Scl-Ab treatment. The absolute increase
in osteocalcin from wk 6 to 9 was similar in the three
Scl-Ab treatment groups, indicating that the increased
bone formation was not blocked by ALN pretreatment
or/and cotreatment. The increased serum osteocalcin con-
centrations observed with Scl-Ab treatment appeared to
return to baseline levels at wk 12 in all three Scl-Ab groups.
However, histomorphometric analysis demonstrated that
bone formation remained strongly stimulated on all bone
surfaces in all three Scl-Ab groups at this time point. The
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durability of the osteocalcin response to Scl-Ab therefore
warrants further investigation.

In summary, weekly treatment with a Scl-Ab resulted in
similar increases in bone formation, bone mass, and bone
strength in OVX rats with or without ALN pretreatment.
Moreover, cotreatment of Scl-Ab with ALN demonstrated
equivalent efficacy as Scl-Ab alone in OVX rats pretreated
with ALN. These results suggest that building bone via
antibody-mediated sclerostin inhibition should be com-
patible with the historic and ongoing widespread use of
bisphosphonates in osteoporosis therapy.
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