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Abstract
The gap junction protein, connexin43 (Cx43) controls both bone formation and osteoclastogenesis
via osteoblasts and/or osteocytes. Cx43 has also been proposed to mediate an anti-apoptotic effect
of bisphosphonates, potent inhibitors of bone resorption. We studied whether bisphosphonates are
effective in protecting mice with a conditional Cx43 gene deletion in osteoblasts and osteocytes
(cKO) from the consequences of ovariectomy on bone mass and strength. Ovariectomy resulted in
rapid loss of trabecular bone followed by a slight recovery in wild type (WT) mice, and a similar
degree of trabecular bone loss, albeit slightly delayed, occurred in cKO mice. Treatment with
either risedronate (20µg/kg) or alendronate (40µg/kg) prevented ovariectomy-induced bone loss in
both genotypes. In basal conditions, bones of cKO mice have larger marrow area, higher
endocortical osteoclast number, and lower cortical thickness and strength relative to WT.
Ovariectomy increased endocortical osteoclast number in WT but not in cKO mice. Both
bisphosphonates prevented these increases in WT mice, and normalized endocortical osteoclast
number, cortical thickness and bone strength in cKO mice. Thus, lack of osteoblast/osteocyte
Cx43 does not alter bisphosphonate action on bone mass and strength in estrogen deficiency.
These results support the notion that one of the main functions of Cx43 in cortical bone is to
restrain osteoblast and/or osteocytes from inducing osteoclastogenesis at the endocortical surface.
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Introduction
Gap junctions are intercellular channels that provide aqueous continuity between the
cytoplasm of adjacent cells. These channels are comprised of hexameric arrays of connexin
proteins, known as connexons, which align in the membranes of adjacent cells to form a
transcellular channel, or gap junction [1]. Connexons can also exist as individual
“hemichannels” without forming a gap junction, thus acting as a membrane channel with
large molecular permeability [2]. The hemichannel activity of Cx43, in particular the src-
ERK-dependent opening of Cx43 hemichannels, has been linked to an anti-apoptotic action
of bisphosphonates in osteocytes [3–5]. Bisphosphonates are potent inhibitors of bone
resorption and they represent the mainstay therapy for osteoporosis and fracture prevention.
Their primary action is on osteoclasts, where they directly interfere with cell function and
decrease survival [6]. The concept that bisphosphonates can also act on osteocytes is
attractive and could contribute to explain their anti-fracture efficacy independent of their
effect on bone resorption [7]. However, the significance of the anti-apoptotic effect, which is
seen at low doses, to the overall pharmacologic action of bisphosphonates remains to be
determined [8]. Furthermore, the anti-apoptotic effect of bisphosphonates in osteocytes is
difficult to reconcile with the pro-apoptotic action in osteoclasts and, at high doses, in
osteoblastic cells [9].

This topic has been recently studied in vivo in a model of corticosteroid-induced bone loss
in mice with a conditional deletion of the Cx43 gene ( Gja1 ) in osteoblasts and osteocytes
[5]. Although that study confirmed that Cx43 is involved in the anti-apoptotic effect of
alendronate, treatment with this bisphosphonate prevented the corticosteroid-induced bone
loss similarly well in wild type (WT) and mutant animals, suggesting that Cx43 is not
required for preservation of bone mineral density (BMD). However corticosteroid bone
disease is a complex condition characterized by inhibition of bone formation and a relatively
smaller increase of bone resorption, with overall decreased bone turnover [10], and whether
Cx43 is involved in modulating bone strength was not studied [5].

In the present work, we have tested the effect of two bisphosphonates on ovariectomy
(OVX)-induced bone loss in mice with conditional Gja1 ablation driven by the 2.3kb
Col1α1 promoter, which we have previously shown to efficiently induce gene
recombination in osteoblast and osteocytes [11]. These conditional Cx43-deficient mice
(cKO) have increased endocortical bone resorption and periosteal bone formation resulting
in bone marrow area expansion, increased cortical area and decreased thickness [12, 13].
This phenotype is consistently observed in other models of Gja1 ablation in the osteogenic
lineage [14–16]. In contrast to corticosteroid treatment, estrogen deficiency increases bone
turnover, thus making it easier, in principle, to determine if the therapeutic effect of
bisphosphonates requires Cx43. A second goal of this study was to determine whether and to
what extent inhibition of bone resorption by bisphosphonates can affect the phenotypic
changes present in conditionally Gja1 ablated mice, and thus what is the biologic relevance
of paracrine Cx43 modulation of bone resorption.

We find that OVX Cx43 deficient mice experienced a similar increase in BMD as did WT
mice upon treatment with either alendronate or risedronate started immediately after
surgery. Both agents prevented trabecular bone loss following OVX in WT and cKO, and
actually rescued some of the abnormalities of cKO bone, normalizing cortical thickness and
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bone strength. These results further support the notion that increased osteoclast activation is
responsible for the widened marrow area and thinner cortex of Cx43-deficient bones, and
thus modulation of bone resorption is a major function of Cx43. Our results do not support a
major role of Cx43 in modulating effects of bisphosphonates on bone forming cells and
bone formation in vivo.

Material and Methods
Transgenic Mice

For conditional Gja1 ablation, a mouse strain harboring a mutant “floxed” Gja1 allele
(Gja1flox) [17] was mated to Gja1+/− mice expressing Crerecombinase under the control of
the 2.3-kb Col1α1 promoter (ColCre) [18], yielding ColCre::Gja1flox/− (cKO), Gja1flox/+,
which was used as wild type (WT), and other phenotypes that were not used in these studies
[11]. All mouse lines used in this study were in a mixed C57BL/6-C129/J background and
littermates were used as controls. Mice were fed regular chow ad libitum and housed in a
room maintained at constant temperature (25°C) on a 12 hours of light and 12 hours of dark
schedule. All procedures were approved by the Animal Studies Committee of Washington
University in St Louis. Genotyping was performed by PCR on genomic DNA extracted from
mouse tails using the HotSHOT method [19]. We used previously described methods to
detect the ColCre transgene and Gja1+, Gja1−, and Gja1flox alleles [11].

Animal Procedures
Mice were randomly assigned to treatment groups within each genotype. Ovariectomy or
sham operations were performed on 4-month-old females as detailed previously [20].
Briefly, the ovaries were exposed through an abdominal approach and either resected after
clipping the blood vessels or left in place (sham operation). The muscle and skin of the
abdomen were sutured. Mice were given a subcutaneous injection of buprenex immediately
after surgery and ibuprofen was supplied for a week post-surgery in the drinking water.
Starting immediately after OVX, vehicle (phosphate buffered saline), 20µg/kg risedronate or
40µg/kg alendronate (both provided by Procter&Gamble Pharmaceuticals, Cincinnati, OH)
was injected intra-peritoneally every 4 days for 4 weeks. These doses were chosen based on
the consideration that 20 µg/kg dose of risedronate produced significant suppression of bone
remodeling in mice overexpressing Runx2 [21], and that risedronate is approximately twice
more potent than alendronate in anti-resorptive activity in different species [22, 23]. This 1:2
dose ratio is also consistent with approved clinical doses for treatment of osteoporosis.

Bone Mass and Microstructure
Whole body bone mineral density (BMD) was monitored by dual-energy X-ray
absorptiometry (DXA) using a PIXImus scanner (GE/Lunar, Madison, WI), under
anesthesia as previously described [24]. Analysis of femoral bone structure was performed
using a µCT system (µCT 40; Scanco Medical AG), as previously described [12].

Bone Biomechanics
Mechanical testing in a 3-point bending to failure was conducted on femora after µCT.
Briefly, hydrated femora were stabilized over supports 7mm apart and a loading force was
applied in the anteroposterior direction midway between the supports (Instron, Norwood,
MA, USA). Test curves were analyzed to determine ultimate force to failure and stiffness as
described previously [25].
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Bone Histology and Histomorphometry
To label mineralizing fronts, mice were injected with calcein (15 mg/kg i.p., Sigma-Aldrich)
7 and 2 days before euthanasia, which was performed under light anaesthesia by
exsanguination through dorsal aortic puncture. Blood was collected and the serum stored at
−80°C for later assays. Bone samples were prepared and decalcified as previously described
[11]. Decalcified tibias were embedded in paraffin and 2-µm thick longitudinal sections of
the whole bone were cut and stained for tartrate resistant acid phosphatase (TRACP).
Undecalcified femora were embedded in methyl methacrylate and 4-µm thick longitudinal
sections of the whole bone were cut and left unstained for assessment of calcien
fluorescence. Quantitative histomorphometry was performed using a commercial software
(OSTEO II, Bioquant, Nashville, TN, USA), and standard parameters of bone remodeling
were determined as detailed elsewhere [13].

Biochemical Markers of Bone Turnover
Serum C-terminus cross-linked telopeptides of type I collagen (CTX) and osteocalcin were
measured as indices of bone resorption and formation, respectively. For these assays, serum
was obtained from mice that had been deprived of food and water for 6 hours. Analyses
were performed by ELISA, using CTX [RatLaps™ EIA] (Immunodiagnostics Systems Inc.,
Fountain Hills, AZ) and osteocalcin [Mouse Osteocalcin EIA Kit](Biomedical Technologies
Inc., Stoughton, MA) kits according to the manufacturer’s instructions.

Statistics analysis
Group means were compared by t-test for unpaired samples. Data on repeated measures
were analyzed by ANOVA, followed by a post-hoc multiple Holm-Sidak method t-test. Data
were analysed using SigmaPlot Vs11.0 (Systat Software GmbH, Germany). All data are
expressed as the mean±s.d.

Results
As expected in WT mice, surgically induced estrogen loss caused rapid (within 2 weeks) and
significant loss of whole body BMD. Bone loss was seen as early as 2 weeks post OVX and
was sustained through 4 weeks post OVX (Figure 1A). The cKO mice, however, showed a
delay in bone loss, which became significant only 4 weeks post OVX (Fig. 1A). There was
no significant bone loss in either the sham-operated WT or sham-operated cKO mice.
Treatment of the OVX WT group with either risedronate or alendronate resulted in
significant gains in BMD above baseline, which were significant two weeks post OVX
compared to Sham operated WT mice (WT Sham; Fig 1B). The gain in BMD was more
pronounced on alendronate treatment at the end of the study, although this was not
statistically significant (Fig. 1B). Likewise, treatment of cKO OVX mice with either
risedronate or alendronate resulted in significant increases of BMD. However, probably
because of the loss of BMD in the cKO, the bisphosphonate-induced bone gain only reached
statistical significance after 4 weeks post OVX (Fig. 1C).

The magnitude of trabecular bone loss in WT and cKO sham mice four weeks after OVX is
exemplified in the 3D reconstruction of the femoral proximal epiphyses by µCT (Fig. 2A,
left panels). This trabecular bone loss was not observed in alendronate or risedronate treated
animals of either genotype (Fig. 2A, right panels). OVX induced an approximately 35%
decrease in trabecular bone volume (BV/TV) in both WT and cKO mice when compared to
sham operated mice (Fig. 2B). The decrease in BV/TV in the OVX groups was associated
with significant reductions in trabecular thickness (Supp. Fig 1A) and number (Supp. Fig
1C), without significant changes in trabecular spacing (Supp. Fig. 1B). Tissue mineral
density and connectivity density, assessed by µCT, were lower in both OVX groups but the
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differences did not reach statistical significance (Fig. 2C, D). Treatment with either
bisphosphonate prevented all these changes in both genotypes, and increased trabecular
bone volume and tissue mineral density above the respective sham group values, without
significant genotypes differences in responsiveness to either bisphosphonate (Fig. 2B–D).

Analysis of cortical bone at the diaphysis revealed larger tissue area and lower cortical
thickness in cKO, as previously reported [12, 13], but the increase in marrow area was not
statistically significant (Fig. 3A–C). In WT mice, OVX decreased tissue and marrow area,
though again the latter failed to reach significance (p=0.069). However, no changes in
cortical thickness were observed. In cKO mice, ovariectomy had no effect on tissue and
marrow area or cortical thickness (Fig. 3A–C). In WT mice, treatment with either
risedronate or alendronate prevented the decrease in tissue area, but had no effect on cortical
thickness. Tissue and marrow area were not significantly different in risedronate treated
mice compared to Sham and OVX cKO groups, whereas tissue and marrow area were larger
in the alendronate cKO group (Fig. 3A, B). However, treatment with either bisphosphonate
significantly increased cortical thickness of cKO mice to levels greater than either the sham
or OVX cKO groups, and comparable to WT groups (Fig 3C). Examples of tibial cortical
structure in the different treatment groups are shown in Fig. 3D.

Serum CTX increased significantly in both WT and cKO mice after OVX, and treatment
with either bisphosphonate prevented such changes in both genotypes (Fig. 4A). We also
observed similar changes in serum osteocalcin after OVX, and bisphosphonate treatment
reduced serum osteocalcin in both OVX groups to levels below those present in sham
operated mice (Fig. 4B). Of note, baseline levels of both serum CTX and osteocalcin were
significantly higher in the cKO compared to WT levels (Fig 4A, 4B).

Histological analysis of cortical bone confirmed significantly higher TRACP+ osteoclast
number and osteoclast covered surface on the endocortical bone in cKO compared to WT
mice [13]. These parameters significantly increased after OVX in the WT but not in cKO
mice (Fig. 5A, B), consistent with lack of changes in cortical µCT indices. More to the point,
bisphosphonate treatment prevented the OVX-dependent increase in OC number and surface
in WT mice. Both bisphosphonates also produced significant decreases in OC number and
surface in the cKO, relative to both sham and OVX cKO control groups (Fig. 5A, B). As
anticipated from previous studies [13, 14], periosteal bone formation rate was significantly
greater in the sham cKO relative to WT. Neither OVX nor bisphosphonate treatment
significantly altered periosteal bone formation, which remained elevated in cKO compared
to WT in all groups (Fig 5C). Mineral apposition rate was not significantly different in the
cKO, also confirming previous findings [13, 14], but it did increase after OVX in the cKO
group.Both bisphosphonates seemed to prevent this increase though the differences vs OXV
+VEH cKO were not statistically significant (Fig. 5D). There were no significant differences
in endocortical bone formation between the two genotypes, and no significant effects with
ovariectomy or bisphosphonate treatment, although variability was high (Fig. 5E, F).

Cortical bone biomechanical properties were tested via three-point bending. As previously
shown [12, 13], ultimate force and stiffness were reduced in the sham cKO mice relative to
WT; OVX further reduced ultimate force in cKO but not in WT mice (Fig. 6A, B)
Importantly, these changes in cKO mice were completely prevented by administration of
either risedronate or alendronate. In fact ultimate force in bisphosphonate treated cKO mice
was higher than in sham cKO mice and equivalent to that in sham WT mice (Fig. 6A).
Similarly, alendronate treatment in cKO mice normalized bone stiffness to WT values, while
risedronate had a lesser effect (Fig. 6B). Also confirming previous reports [13], cortical
bone mineral density assessed by µCT was significantly lower in cKO compared to WT, and
this difference remained after OVX or bisphosphonate treatment (Fig. 6C).
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Discussion
We find that lack of osteoblast/osteocyte Cx43 delays and attenuates OVX-induced
trabecular bone loss and that treatment with bisphosphonate not only prevents OVX-
dependent bone loss but also rescues the cortical thinning and reduced bone strength caused
by Cx43 deficiency. Hence, increased bone resorption is a key mechanism of the cortical
phenotype that develops postnatally in mice deficient of Cx43 in osteoblasts and osteocytes.

As we and others have previously reported, the most consistent and important phenotypic
feature consequent to Gja1 ablation in the osteoblastic lineage is an enlargement of cortical
tissue area and thinning of cortical bone [12, 14–16]. This is due to increased endocortical
bone resorption coupled to increased periosteal bone formation [14, 15]. On the other hand,
in the present study the consequences of estrogen deficiency were seen primarily on
trabecular rather than cortical bone, and bone loss following OVX was similar in WT and
cKO mice. Since the cortical component contributes more to whole body bone mass than
trabecular bone [26], the delayed, attenuated bone loss detected by DXA in cKO mice most
likely reflects the fact that no changes in cortical bone mass occurred after OVX in cKO,
thus in part masking the trabecular bone loss. Accordingly, the increased biochemical bone
turnover markers after OVX in cKO mice in the face of no changes in endocortical
osteoclast number likely reflects the prevalent effect of estrogen deficiency on trabecular vs.
cortical bone. Consistent with this finding, we have observed attenuated activation of
cortical (but not trabecular) bone resorption after mechanical skeletal unloading in cKO
mice [13]. As hypothesized in that study, it is likely that the increased endocortical
osteoclast number present in cKO mice prevents further activation by other osteoclastogenic
stimuli, such as estrogen loss or skeletal unloading. Lack of OVX effect on cortical bone
mass or strength is consistent with similar reports [27, 28]. However, other studies have
shown that OVX reduces bone mass and strength in mice [29, 30]. Such discrepancies may
be explained in great part by different sensitivity to OVX by different mouse strains, as well
as length of time after OVX the measurements are taken [31].

We had previously reported Gja1 ablation in trabecular osteoblasts and osteocytes and
decreased trabecular bone mass by histomorphometry in the same genetic model [11].
However, such differences did not emerge when trabecular bone was evaluated by µCT [13],
a result confirmed in the present study. The apparent discrepancy may be related to the
different techniques used, a problem particularly evident for trabecular thickness [32, 33].
Furthermore, we have observed less efficient recombination of Gja1 in the trabecular
compartment relative to cortical bone using another promoter to ablate Gja1 [14]. We also
found that trabecular bone loss following muscle paralysis is largely independent of Cx43
[13]. Thus, Cx43 appears to be more important for cortical than for trabecular bone, and it is
thus not too surprising to find that prevention of OVXinduced trabecular bone loss by
bisphosphonates is not affected by the absence of Cx43.

In a model of corticosteroid-induced bone loss, Cx43 ablation in osteoblasts and osteocytes
prevented bisphosphonate inhibition of apoptosis but it did not alter their preventative effect
on bone loss [5]. In our studies, bisphosphonate treatment of Cx43 deficient mice actually
improved bone mass and strength without affecting either endocortical or periosteal bone
formation. Thus, if osteoblast/osteocyte Cx43 plays a role in modulating apoptosis [3, 5],
this does not seem to play a major role in the overall pharmacologic action of
bisphosphonates on bone mass and strength, at least in this model. Osteocyte survival is
clearly a key factor in bone homeostasis, as induction of osteocyte apoptosis by targeted
expression of diphtheria toxin receptor decreases trabecular bone volume and cortical
thickness and impairs bone strength [34]. However, the inhibitory action of Cx43 on
osteocyte (and osteoblast) apoptosis contrasts with the finding of insufficient apoptosis as
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the mechanism for syndactyly in oculodentodigital dysplasia [35], a disease linked to loss-
of-function Gja1 mutations [36]. These discrepancies reflect the seemingly contrasting role
for Cx43 and gap junctions in apoptosis in various tissues, with Cx43 both increasing and
decreasing apoptosis [37].

A key finding from this study is the reversal of some key features of the Gja1 cKO cortical
phenotype after a 4-week treatment with either alendronate or risedronate in OVX groups.
There was restoration of cortical thickness to WT levels, inhibition of endocortical
osteoclasts, and improvement of bone strength to WT levels. Hence, the increased cortical
thickness is sufficient to normalize mechanical properties of cKO bones, even though the
abnormally low mineralization is not improved by bisphosphonates. This is consistent with
the notion that bisphosphonates are potent osteoclast inhibitors but do not alter production of
a hypomineralized bone matrix by Cx43 deficient bone forming cells. It is likely that the
bisphosphonate-induced increase in cortical thickness and area compensates for the
decreased bone mineral content of cKO mice, thus resulting in an effective rescue of the
decreased bone strength in Gja1 deficient mice. Therefore, bisphosphonate inhibition of
endocortical bone resorption reverses one of the major phenotypic changes in Cx43 deficient
mice. This result is in keeping with recent work with mice in which Gja1 was deleted in
osteoblasts and osteocytes using the human osteocalcin promoter, showing that alendronate
restored cortical thinning and enlarged marrow cavity area of mutant mice to WT levels
[15]. In this context, we were unable to detect any significant difference between
alendronate and risedronate, which were equally efficient at the doses used (a 2-fold higher
molar dose of alendronate vs. risedronate) at inhibiting endocortical osteoclastic bone
resorption in Cx43 deficient mice.

In summary, this study does not support a major role of Cx43 in modulating effects of
bisphosphonates on bone forming cells, but demonstrates that one of the main functions of
Cx43 is to restrain osteoblast and/or osteocytes from inducing osteoclastogenesis at the
endocortical surface. This represents a key mechanism by which Cx43 can shape the
structure and strength of long bones in the adult skeleton.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Trabecular bone loss after ovariectomy similar to wildtype in osteoblasts/
osteocytes specific Cx43 gene deletion mice (cKO), although slightly delayed

• Endocortical osteoclast numbers does not increase following ovariectomy in
cKO

• Bisphosphonates normalize endocortical osteoclast number, cortical thickness
and bone strength in cKO mice

• Lack of osteoblast/osteocyte Cx43 does not alter bisphosphonate action on bone
mass and strength in estrogen deficiency

• Bisphosphonate correction of most cortical bone defects in cKO mice
demonstrates one major action of osteoblasts/osteocyte Cx43 is osteoclast
regulation

Watkins et al. Page 10

Bone. Author manuscript; available in PMC 2013 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Effect of OVX and bisphosphonate treatment on whole body bone mineral density
(BMD) in wild type (WT) and Gja1 conditional knockout (cKO) mice
(A) Four month-old female WT and cKO mice were either ovariectomised (OVX+veh) or
sham operated (sham). (B) WT and (C) cKO OVX were treated with vehicle (veh), 20µg/kg
risedronate (OVX+Ris), or 40µg/kg alendronate (OVX+Ale), and BMD monitored by whole
body DXA (n=8–10). Data are presented as absolute BMD change (mean±sd) from baseline.
There was a significant effect of OVX on BMD and of treatement (risedronate and
alendronate) on BMD changes in WT and cKO groups, but no effect of genotype (two-way
ANOVA). Significant differences at each time point, assessed by post-hoc analysis (Holm-
Sidak multiple t-test) are also shown. a, p< 0.05 vs sham; b, p<0.05 vs OVX+veh.
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Figure 2. Effect of OVX and bisphosphonate treatment on trabecular bone in wild type (WT)
and Gja1 conditional knockout (cKO) mice
(A) Representative µCT reconstructions of femoral trabecular bone from 4-month-old WT
and cKO mice that were either ovariectomised (OVX) or sham operated (sham), and treated
with either vehicle (OVX+Veh), 20µg/kg risedronate (OVX+Ris), or 40µg/kg alendronate
(OVX+Ale) for 4 weeks. (B) Trabecular bone volume (BV/TV); (C) Bone mineral content
per tissue volume (BMC/TV); and (D) connectivity density determined at the end of the
study by µCT in the different treatment groups (n=5). a, p< 0.05 vs WT; b, p< 0.05 vs Sham,
2-way ANOVA, and post-hoc multiple t-test (Holm-Sidak).
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Figure 3. Effect of OVX and bisphosphonate treatment on cortical bone in wild type (WT) and
Gja1 conditional knockout (cKO) mice
(A) Total tissue area; (B) marrow area; and (C) cortical thickness of femurs, determined by
µCT, of 4-month-old WT and cKO mice (n=5) that were either ovariectomised (OVX) or
sham operated (sham), and treated with either vehicle (OVX=Veh), 20µg/kg risedronate
(OVX+Ris), or 40µg/kg alendronate (OVX+Ale) for 4 weeks. (D) Representative µCT
cross-sections of femoral diaphysis of the different genotypes and treatment groups. a, p<
0.05 vs WT; b, p< 0.05 vs Sham; c, p<0.05 vs OVX+Veh; d, p< 0.05 vs OVX+Ris, 2-way
ANOVA, and post-hoc multiple t-test (Holm-Sidak).
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Figure 4. Effect of OVX and bisphosphonate treatment on biochemical markers of bone
turnover in wild type (WT) and Gja1 conditional knockout (cKO) mice
(A) Serum C-terminal telopeptides of type I collagen (CTX); and (B) serum osteocalcin in
the different genotypes and treated groups (n=5–9), (See Fig. 2 for abbreviations). a, p< 0.05
vs WT; b, p< 0.05 vs Sham; c, p<0.05 vs OVX+Veh, 2-way ANOVA, and post-hoc multiple
t-test (Holm-Sidak).
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Figure 5. Effect of OVX and bisphosphonate treatment on cortical bone turnover in wild type
(WT) and Gja1 conditional knockout (cKO) mice
(A) Osteoclast number and (B) osteoclast surface as percentage of endocortical surface area,
assessed by TRAPC+ staining of femur section in the different genotypes and treated groups
(See Fig. 2 for abbreviations). (C) Periosteal bone formation rate (BFR); (D) periosteal
mineral appostion rate (MAR); (E) endosteal BFR; and (F) endosteal MAR in the different
genotypes and treated groups at the end of the study (n=4). a, p< 0.05 vs WT, b, p< 0.05 vs
Sham; c, p<0.05 vs OVX+Veh, 2-way ANOVA, and post-hoc multiple t-test (Holm-Sidak).
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Figure 6. Effect of OVX and bisphosphonate treatment on bone mechanical properties in wild
type (WT) and Gja1 conditional knockout (cKO) mice
(A) Ultimate force and (B) bone stiffness of femurs, measured in a three-point bending
protocol in the different genotypes and treated groups (n=4–7) (See Fig. 2 for abbreviations).
(C) Cortical bone mineral density (BMD), measured by µCT in the different genotypes at the
end of the study (n=5). a, p< 0.05 vs WT; b, p< 0.05 vs Sham; c, p<0.05 vs OVX+Veh; 2-
way ANOVA, and post-hoc multiple t-test(Holm-Sidak).
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